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Preface 

In the last few years a dramatic increase in the knowledge about the biology 
of acute leukemias and especially the underlying genetic and molecular 
events has been experienced. These processes lead to the deregulation of 
central transcription factors and genes regulating cell prliferation and diffe
rentiation and ultimately determine the response to chemotherapy and the 
longterm prognosis of patients suffering from these disorders. The increas
ing insights into the biology of acute leukemias also provide the basis for 
pathogenesis oriented new therapeutic strategies which aim at interfering 
with pathologically activated gene products or augmenting the antileukemic 
immune response. They give also new information about the mechanisms of 
action of conventional treatments and cytostatic agents in particular and 
thus allow to optimize drug regimens accordingly. 

The seventh volume "Acute Leukemia VII - Experimental Approaches and 
Novel Therapies" provides new updates on these topics from leading basic 
scientists and clinicians around the world. The high quality of contributions 
makes this book an overview over most recent achievements which translate 
into new treatment strategies and hence an improved outlook for patients 
suffering from acute leukemias. 

The editors wish to thank Beate Kosel for an excellent contribution as a co
ordinator of the editorial work. 

September, 1997 

w. HIDDEMANN . T. BOCHNER· B. W ORMANN 

J. RITTER· U. CREUTZIG . M. J. KEATING· W. PLUNKETT 
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Alterations in DNA Repair: Implications for Leukemia (ell Biology 
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Abstract. The sensitivity of human tumor 
cells to chemotherapeutic agents has recent
ly been correlated to their ability to elimina
te drug-induced DNA damage. However, the 
exact mechanisms by which specific DNA 
adducts cause cell death are still not fully un
derstood nor are the relative efficacies of di
stinct pathways within the complex DNA re
pair network of mammalian cells. To eluci
date the link between repair and drug resis
tance in primary cancer cells we have mea
sured the functional DNA repair capacity of 
normal and leukemic human lymphocytes 
ex vivo. Two sensitive assays (the immuno
cytological assay, ICA, detecting specific 
DNA adducts, and the comet assay, measur
ing the kinetics of DNA strand break proces
sing) were used to determine the repair ca
pacity at the single cell level. 

The individual kinetics for the removal of 
primary or secondary lesions from nuclear 
DNA varied significantly (by factors> 10) 
between cell specimens derived from both 
healthy individuals and CLL patients. An in
verse correlation was observed between the 
DNA repair capacity of CLL lymphocytes 
and their in vitro sensitivity to various 
mono- and bifunctional alkylating agents. 

The application of modifiers which block 
distinct steps of DNA repair pathways pro
vided information about their relative con
tribution to damage processing in individ
ual cell samples or in cell subpopulations. 
Furthermore, this strategy revealed a loss of 

stringent control of specific repair functions 
in leukemic cells in comparison to their nor
mal counterparts. 

Keywords: drug resistance, inter-indivi
dual variation; DNA repair pathways, repair 
modifiers, CLL 

Introduction 

Many widely used chemotherapeutic anti
cancer drugs form complex patterns of dif
ferent reaction products with nuclear DNA, 
monoadducts as well as intra- and inter
strand crosslinks [1]. The exact mechanisms 
by which these adducts cause cell death and 
the relative cytotoxic potential of specific 
lesions are still not known. 

Enzymatic removal of DNA damage is a 
key feature of cells to protect their genomic 
integrety. Our knowledge about the DNA re
pair machinery of mammalian cell has dra
matically increased during recent years and 
a type of "repair netwok" is emerging with 
various main routes and a number of sub
pathways [2,3] (see Fig. 1). The loss of specif
ic functions within this structure has suc
cessfully been attributed to the risk of can
cer, both in experimental systems and in hu
man epidemiology [4]. 

On the other hand, considerable effort has 
been made to correlate the (over- )expres
sion of individual repair genes in cell lines 
and in tumor specimens to chemosensitivity 

1 Institute of Cell Biology 
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Fig. 1. Multiple mechanisms of DNA repair in mammalian cells. Primary DNA lesions are detectable by ad
duct-specific antibodies and can be measured by quantitative immuno-fluorescence analysis (lCA; shaded 
area); repair intermediates can be recognized by the comet assay (boxed area). The inhibition of distinct 
steps by three repair modifiers is indicated (06-benzylguanine inactivates the alkyltransferase AT; 
methoxyamine prevents DNA incision by AP-endonuclease(s); aphidicoline inhibits gap filling by DNA po
lymerases) 

profiles or to the therapeutic response. Due 
to the unexspected complexity of the mam
malian repair machinery many attempts to 
explain biological findings by single factor 
analyses were misleading, especially in 
transformed cells. The functional measure
ment of repair efficiency in primary tumor 
cells was hampered until now by a lack of 
sufficiently sensitive methods. Therefore, 
the clinical significance of DNA repair as a 
major determinant of therapy resistance re
mains still controversal. 

Chronic lymphocytic leukemia (CLL) re
presents a model system which is particular
ly suited to study the development of cellular 
and clinical drug resistance. At first presen
tation CLL patients are usually responsive to 
oral chemotherapy with alkylators. In many 
cases the disease is becoming resistant to 
this regimen later on. Homogeneous popu
lations of tumor cells are available from the 
peripheral blood and they can be analyzed 
for their chemosensitivity profiles as well as 
for their repair characteristics after DNA 
damage in vitro. 

In this study we have used two functional 
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assays covering different sections of the re
pair network to measure time courses of 
DNA damage processing in eLL lym
phocytes at the single cell level. Additional 
information about the activity of specific 
pathways and their relevance for chemo
sensitivity was collected by the application 
of repair inhibitors. 

Material and Methods 

Chemicals. N-ethyl-N-nitrosourea (EtNU; 
Serva, Heidelberg, Germany) was recrystal
lized twice, and stored in DMSO as a stock 
solution (100 mg/ml) at -20°C. Before use, 
the EtNU concentration was measured by 
UV spectroscopy in MES buffer (60 mM 
NaCl, ImM 2-morpholino-ethan-sulfona
cid, 0.5 mM EDTA; pH 6). The decomposi
tion rate ofEtNU at 37°C in PBS (phosphate
buffered saline supplemented with 25 mM 
HEPES at pH 7.25) was determined spectro
photometrically. 

Methoxyamine and aphidicoline (Sigma, 
Deisenhofen, Germany) were prepared as 



stock solutions in sodium phosphate buffer 
(100 mM, pH 7.25) and stored at -20°C, 0 6_ 
Benzylguanine was synthesized at our insti
tute (courtesy of W. Drosdziok, IFZ Essen) 
and stored as a stock solution in DMSO at 
-20°C, Agaroses (Seakem LE and NuSieve 
GTG for the comet assay, were purchased 
from Biozyme, Hameln, Germany.) 

Mouse anti-(06-alkyl-2'-deoxyguanosi
ne) monoclonal antibody (Mab) EM-2-3 [5] 
was purified from cell culture supernatant 
by FPLC-separation using Mono Q and 
Mono S columns (Pharmacia, Uppsala, Swe
den). Secondary (anti-mouse) antibodies 
(IgG F[ab]2-fragments labeled with rhoda
mine isothiocyanate [TRITC]) were obtai
ned from Dianova, Hamburg, Germany. 

Preparation of Lymphocytes. Lymphocytes 
were isolated from peripheral blood ob
tained from healthy donors or from patients 
with chronic lymphatic leukemia prior to 
chemotherapy and analyzed on the same 
day. 

Briefly, heparinized blood (10 ml) was 
layered onto 10 ml Ficoll-Hypaque and cen
trifuged for 25 min at 200 g at room temper
ature. Cells from the interface were re
moved, washed twice with PBS, and resus
pended in pre-warmed RPMI medium sup
plemented with 10% FCS. The resulting cell 
suspensions contained >90% lymphocytes, 
as confirmed by light microscopy, and more 
than 95% of all cells were in G l/GO (FACS 
analysis). All clinical specimens were isolat
ed from patients with B-CLL, as determined 
by immuno-phenotyping carried out at first 
presentation. Lymphocytes were kept in 
RPMI medium at 37°C in a humified atmos
phere containing 5% CO2, 

Exposure to EtNU. Cells were washed once 
with pre-warmed PBS and resuspended in 
PBS, supplemented with Ca2+, Mg2+, and 
HEPES (25 mM; pH 7.25). EtNU was added 
from the stock solution at various concen
trations and the cells were incubated at 37°C 
for 20 min. Cells were then washed twice 
with PBS and resuspended in pre-warmed 
RPMI supplemented with 10% FCS. Cell ali
quots were taken immediately and at several 
times after EtNU treatment. Where appro
priate, cells were pre-incubated with RPMI 

medium containing methoxyamine (5 mM) 
or 06-benzylguanine (50 flM) 1 h prior to 
EtNU exposure and throughout the experi
ment. 

Comet Assay (Single Cell Gel Electrophoresis, 
SCGE). The comet assay was performed es
sentially as described (5). Briefly, after expo
sure to EtNU, cells were washed twice with 
icecold PBS and adjusted to 5xl03 cells/fll. 
Aliquots of IOfll were suspended in low 
melting point (LMP) agarose (0.5%). Cells 
were immediately spread onto fully frosted 
microscope slides pre-coated with a thin lay
er of 0.7% LE agarose by placing a coverslip 
on top of the drop. A top-layer of 0.5% LMP 
agarose was used as a cover. Cells were lysed 
in situ by placing the slides into lysis buffer 
(2.5 M NaC!, 100mM EDTA, 10 mM Tris, 10% 
DMSO, 1 % TritonXI00 and 1% sodium sar
cosinate; pH 10) at 4°C overnight. Slides 
were washed twice and kept in an alkaline 
solution (300 mM NaOH, 1 mM EDTA; pH 
12) for 20 min at 4°C to denature the DNA. 
Slides were then subjected to alkaline elec
trophoresis (solution as above; 20 min at 4 °C 
and 4 V/cm), neutralized 3xl0 min in Tris 
HCI (0.4 M; pH 7.5), and stained with ethi
dium bromide (2 flg/ ml). 

Immunofluorescence Staining. Immuno
fluorescence staining of 0 6_ EtGua in the 
nuclear DNA of single cells was performed 
essentially as described [6]. Briefly, cells 
were spread on microscope slides, air dried, 
fixed in methanol for 15 min at room tem
perature, rehydrated in 2X standard saline 
citrate (SSC) buffer (300 mM NaC!, 30 mM 
sodium citrate), and treated with RNases 
(RNase A; 200 flg/ml; RNase T; 50 units/ml) 
for 1 h at 37°C, Cells were then washed with 
0.14 M NaC!, and the DNA was partly dena
tured by alkali treatment (NaOH, 70 mM in 
0.14 M NaCI, 5 min, O°C). After two rinses 
with PBS and pre-incubation with PBS con
taining 20% BSA for 20 min at room tempe
rature, cells were incubated with (anti _06 -al
kylguanine) Mab EM-2-3 at a concentration 
of 0.2 flg/ml in PBS and 1 % BSA for 16 h at 
4°C, Slides were then washed twice with PBS 
and stained with goat anti-mouse antibod
ies (Ig F[ab]2 fragments conjugated with 
TRITC; 2 flg/ ml PBS/BSA) for 3h at room 
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temperature. The nuclear DNA was counter
stained with the fluorescent dye DAPI (3 x 
10-7 M in PBS; 10 min). To reduce fading of 
fluorescence, slides were then covered with a 
solution containing 50 mM Tris-H CI, 33 mM 
1,4-dithioerythritol (DTE), 30% glycerol, 
and 10% Elvanol in PBS (pH 8.2). 

Quantification of Fluorescence Signals in the 
Nuclear DNA of Individual Cells (lCA). A Zeiss 
fluorescence photo-microscope (Axioplan) 
equipped with an HBO 100 W mercury arc 
lamp, and Zeiss standard filter combinations 
2 (for DAP!) , 14 (for TRITC) and 15 (for 
ethidium bromide) were used for the 
visualization of fluorescence of the individ
ual cells. Fluorescence signals were ampli
fied and recorded by a dual mode CCD cam
era (Photonics, Hamamatsu City, Japan), 
and fed into a four parameter image analysis 
program (ACAS; Ahrens, Bargteheide, Ger
many). This program performs integration 
of fluorescence images with low signal to 
noise ratios. Thresholds were set to discrim
inate background from DNA staining sig
nals and to determine the image points to be 
included in the evaluation. Average fluores
cence values were computed from the flu
orescence intensities of 100-150 individual 
nuclei. 

Detection of Abasic Sites and Single Strand 
Breaks. The integral amount of DNA damage 
in single cells was determined with the co
met assay by measuring the total area of 
nuclear DNA and the fluorescence intensity 
by image analysis. Thresholds were defined 
to give homogeneously positive integrated 
areas throughout individual comets. Comet 
related DNA damage is expressed as the rela
tive increase in the area of nuclear DNA in 
EtNU-exposed cells compared to the area of 
untreated cells from the same donor in the 
same experiment. 

Measurement of 06-Ethylguanine (06-EtGua). 
The amount of 0 6_ EtGua residues in the 
nuclear DNA of single cells was determined 
after intensifying DNA-DAPI and antibody
TRITC fluorescence signals. In particular, 
antibody and DNA derived fluorescence 
from the same cell can be processed separa
tely or in parallel. The selected pixels were 
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expressed as the integrated values (average 
signal x number of selected pixels) for each 
nucleus, and antibody-derived signals were 
corrected for nuclear DNA content. 

Chemosensitivity Profiles of CLL Cells. The 
cytotoxicity of various DNA alkylators with 
or without the addition of repair modifiers 
was determined in isolated CLL lym
phocytes by the MTT assay as described 
earlier [7,8] 

Results 

Functional measurement of DNA Repair 

Normal and leukemic lymphocytes were 
analyzed for their DNA repair capacity after 
short time exposure to the standard alkyla
tor N-ethylnitrosourea (EtNU) in vitro. The 
use of EtNU is advantageous for this pur
pose because it is a direct acting compound 
with a short half-life of < 10 min enabeling 
the separate analysis of adduct formation on 
repair. Furthermore, all reaction products 
with nuclear DNA are well characterized 
and sensitive immunanalytical methods for 
their detection are available [9]. At various 
time points during and after the alkylation 
period cell aliquots were taken and meas
ured at the single cell level for DNA adduct 
concentrations (immunocytological assay, 
ICA) and for the amount of DNA strand 
breaks (comet assay, SCGE). 

In the latter case, the relative electropho
retic mobility of the DNA of individual cell 
nuclei was recorded in comparison to un
treated control cells from the same donor. As 
EtNU is a direct alkylating agent, the initial 
levels of DNA alkylation damage were ho
mogeneous among all cells of a given sample 
and between individual cell specimens. Re
pair kinetics for primary alkylation prod
ucts, e.g., 06-etyhlguanine (06-EtGua [6,7]) 
and for secondary lesions (abasic sites and 
single strand breaks), induced by DNA re
pair processes, were considerably different 
for individual cell samples (Fig. 2). As meas
ures for the cellular repair capacity we have 
calculated the required time periods after 
pulse exposure to EtNU to eliminate 50% of 
the DNA alkylation product (t50 ICA) or to 
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Fig. 2. Kinetics of strand 
break formation and per
sistence in the nuclear 
DNA of three individual 
samples of CLL lym
phocytes (as measured at 
the single-cell level by the 
comet assay during and af
ter exposure to EtNU in 
vitro) 
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reduce the "initial" comet area by 50% (t50 
SCGE) . 

Interindividual Differen(es 

Analyses of individual samples of normal or 
leukemic lymphocytes and of AML blasts 
exhibited broad spectra of repair times, 
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both, for adduct removal and for strand 
break processing [5,8] (Fig. 3). Time inter
vals for processing of 50% of both types of 
damage differed among cell samples by fac
tors of> 20 (0.4 to 8.5 h for adduct elimina
tion; 0.2 to 4.1 h for intermediate strand 
breaks) indicating an extensive regulation of 
rate limiting repair steps. The stability of in
dividual "repair phenotypes" was proven by 

Comet Assay 
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Fig.3. lnterindividual variations of cellular capacity for the elimination of DNA alkyl adducts (06_ EtGua; lCA 
analysis) and of strand break processing (comet assay) in specimens of normal (NL) and CLL lymphocytes 
and in leukemic blast cells (AML) from different patients. t50% values were calculated from repair kinetics 
after pulse exposure of cells to EtNU (see Fig. 2) 
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repeated analyses of normal lymphocytes 
isolated from blood samples of the same 
donor after various time intervals (data not 
shown). 

DNA Repair Capacity in Relation to Chemosensitivity 
in Vitro and to Clinical Status 

Cellular DNA repair capacities of CLL lym
phocytes (as determined by lCA and comet 
assay) were correlated with their respective 
chemosensitivity to various alkylating 
agents including chlorambucil (CLB). We 
have found significant ranking correlations 
between t50% repair times and the ID50 
values for mono- and bifunctional alkyla
tors which form different types and patterns 
of DNA adducts [7, 8]. The coincidence of 
fast / slow repair with cross-resistance / 
cross-sensitivity of CLL cells to various DNA 
reactive drugs suggests that these two 
features are causally connected. 

This notion got additional support when 
the samples were grouped according to the 
clinical status (Fig. 4). Cells from untreated 
and from treated sensitive CLL patients 
showed wide scatters of DNA repair capac-
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ities. Specimens from patients refractory to 
treatment with alkylating agents, however, 
all displayed very fast damage processing 
through early and late steps without accu
mulation of intermediate strand breaks. 

Repair Modifier 

The relative usage of different repair path
ways in individual samples of normal and 
leukemic lymphocytes was analyzed by the 
pretreatment of cells prior to alkylation with 
repair modifiers (RMs), small molecules in
terfering with early or late constituents of 
these multistep processes. 

Modulation of Comet Formation by 06-Benzylguani
ne, Methoxyamine, and Aphidicoline 
Three RMs, 06-benzylguanine (06-BG), 
methoxyamine (MX), and aphidicoline 
(Aph), have been used to interrupt damage 
processing in EtNU treated lymphocytes at 
different key positions of the DNA repair 
network (see Fig. I); 
(i) MX, reacting with abasic sites in DNA, 

blocks the early incision step along the 
BER pathway; 

Comet assay 
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Fig.4. Cellular DNA repair capacities of B-CLL lymphocytes for primary alkylation products (ICA) and for 
secondary lesions (comet assay) in correlation to the clinical status. Specimens were obtained from CLL pa
tients either untreated (U), or sensitive (IS), or resistant (IR) to treatment with alkylating agents including 
chlorambucil 
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Fig.s. Modulation of DNA strand break formation in 
EtNU exposed lymphocytes after pretreatment with 
repair modifiers. Two samples of normal lym
phocytes (black and white bars) were puIs treated 
with EtNU (100 Ilg/ml) alone or in combination with 
aphidicoline (Aph), 0 6 -benzylguanine (06 -BG) or 
methoxyamine (MX) and subjected to comet ana
lysis 

(ii) Aph prevents the downstream filling 
of single strand gaps by DNA polymer
ases after excision repair; 

(iii) 06-BG inhibits the direct, one step re
moval of 0 6 -alkylation at guanines by 
inactivating the AT protein. 
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The observed effects of these modifiers on 
strand break processing in EtNU exposed 
lymphocytes (Fig. 5) were as exspected for 
MX (inhibition of an early repair step led to 
reduced frequencies of incisions) and for 
Aph (prevented resealing of repair patches 
resulted in accumulation of strand breaks). 
AT inhibition, however, was not "comet neu
tral" as assumed, but resulted in significant
ly increased DNA fragmentation which is 
most likely due to DNA incision at persisting 
0 6 -EtGua residues by an alternative repair 
mechanism. Rodent cells have been shown 
to eliminate this adduct with high efficiency 
in a gene-specific manner from transcrip
tionally active sequences via an excision 
pathway [10]. 

The relative contribution of different 
DNA repair pathways to comet formation 
was evaluated by pre-incubating lym
phocytes with MX prior to EtNU exposure. 
MX reacts with abasic sites in DNA, protect
ing them from enzymatic or alkali induced 
conversion into single strand breaks [5]. Co
met areas were significantly reduced by MX 
in all samples of normal lymphocytes com
pared to cells exposed to EtNU only (Fig. 6). 
The significant diminution of comets by co
application of MX indicates that the majori
ty of strand breaks (60-80%) were initiated 
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Fig.6. Reduction of repair-induced DNA strand breaks in lymphocytes by methoxyamine (MX). Individual 
samples of normal (NL) or B-CLLlymphocytes (eLL) were alkylated by EtNU for 20 min with (black bars) or 
without (hatched bars) pre-exposure to MX (5 mM) and analyzed for DNA strand breaks by the comet assay 
[5] 
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by DNA glycosylases, either via the "classi
cal" BER pathway or as a result of mismatch 
recognition. In almost all samples of normal 
lymphocytes the remaining levels of strand 
breaks were similar. These lesions were most 
likely induced by glycosylase-independent 
DNA repair (such as nucleotide excision re
pair [NER] or mismatch recognition and in
cision{MMR)}. 

CLL lymphocytes also showed reduced 
comet areas when pretreated with MX prior 
to EtNU (Fig. 6). In contrast to normal B 
cells, however, the rate of reduction (ranging 
from 20 to 90%) and, especially, the remain
ing amount of DNA strand-breaks varied 
greatly between individual cell specimens. 
This finding may be indicative for a loss of 
stringent (co-) regulation of various repair 
components or pathways in CLL compared 
to normal B cells. 

Sensitization of CLL Lymphocytes to Alkylating 
Anticancer Drugs by RMs 
To investigate the relative contribution of a 
defined DNA alkylation product to cell kil
ling we have determined the cytotoxicity of a 
monofunctional alkylating agent (dacarba
zine; DTIC) with and without blocking of 
the repair protein AT by the specific inhibi
tor Q6_BG (Fig. 7). 

As non-repaired Q6-methylguanines are 
believed to be the major cytotoxic DNA lesi
ons formed by DTIC, it is surprising that 
only 40% (11 out of 28) of the CLL cell speci
mens were sensitized by inhibition of the re
levant AT repair pathway [11] (see Fig. I). In 
this group of patients sensitization ratios up 
to five were observed for individual cell sam
ples and the effect was predominantly pro
nounced in cells exhibiting high IDso values 
for DTIC. Recent observations with MMR 
defective cell lines and MMR knock out mice 
suggest an important role of this pathway for 
the toxification of persisting Q6-alkylguani
nes (and other drug induced adducts) in 
DNA by futile repair cycles [12-14]. We are 
currently analyzing the CLL cell specimens 
which could not be sensitized by Q -BG for a 
possible loss of specific MMR functions. 

Discussion 

For a mammalian cell it is most likely that 
unsuccessful attempts to replicate and / or to 
repair damaged DNA in time cause persist
ing single strand gaps or double strand 
breaks. So both, anticancer drug induced ad
ducts and secondary lesions initiated by 
mechanisms of DNA metabolism can lead to 
cell death or genetic instability. 
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Fig. 7. Modulation of DTIC 
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It has been shown that treatment of lung 
cancer patients with chlorambucil did not 
lead to a (reactively) increased chemoresis
tance of normal lymphocytes from these pa
tients [15]. In all specimens of B-CLL lym
phocytes derived from patients who have 
developped resistance to chemotherapy with 
alkylating drugs (including CLB) we have 
measured high DNA repair capacities. This 
finding may hint to a clonal selection of tu
mor cells with this repair phenotype. This 
conclusion is further supported by a limited 
number oflogitudinal studies showing accel
eration of both, adduct elimination and 
strand break processing, with the number of 
therapeutic cycles (our own unpublished 
data). In addition, in CLL cells from refrac
tory patients we have observed cross resis
tance to a variety of different mono- and bi
functional alkylators (e.g., EtNU, DTIC, 
BCNU, MAF or CLB;) [7,8]. Together, our 
results argue for a causative role of DNA 
repair functions in the development of cellu
lar and clinical resistance in CLL. For thera
peutic intervention it will be crucial to iden
tify rate limiting steps and possible regula
tory elements of DNA repair pathways in 
leukemic cells. 

There is increasing evidence that defects 
in mismatch repair (MMR) systems may be 
associated with the development of acute 
[16, 17] and chronic leukemias [18]. The 
contribution of MMR functions (loss or 
overexpression) for cellular and clinical 
drug resistance remains still to be clarified. 

One possible lesson from the quickly ac
cumulating knowledge in this field is to de
sign more effective strategies for over
coming the repair component of drug resis
tance, whether intrinsic or acquired during 
therapy. Therefore, there is an urgent need 
for the development of more selective inhi
bitors for distinct repair steps / components 
and for a targeted delivery of these RMs to 
cancer cells. 

Acknowledgments. This work was supported 
by research grants from the Dr. Mildred 
Scheel Stiftung fUr Krebsforschung (W 
76/94/Mii 2) and Deutsche Forschungsge
meinschaft (Forschergruppe Tumorselekti
ve Therapie und Therapieresistenz). 

References 

1. Neidle S, Waring M (1993) Molecular aspects of 
anticancer drug-DNA interactions. In: Neidle S, 
Fuller W, Cohen JS (eds) Topics in molecular 
and structural biology, Macmillan, London 

2. Friedberg EC, Walker GC, Siede W (1995) DNA 
repair and mutagenesis. ASM Press, Washington 

3. Chaney SG, Sancar S (1996) DNA repair: enzy
matic mechanisms and relevance to drug res
ponse. J. Natl. Cancer Inst 88:l346-l360 

4. Genetic instability in cancer (1996). Lindahl T 
(ed.) Cancer surveys, Vol. 28, CSH Laboratory 
Press, Cold Spring Harbor 

5. Buschfort C, Muller MR, Seeber S, Rajewsky MF, 
Thomale J. (1997) DNA excision repair profiles 
of normal and leukemic human lymphocytes: 
Functional analysis at the single cell level. Can
cer Res. 57: 651-658 

6. Thomale J, Seiler F, Muller MR, Seeber S, Ra
jewsky MF (1994) Repair of 0 6 -alkylguanines in 
the nuclear DNA of human lymphocytes and 
leukemic cells: Analysis at the single-cell level. 
Brit. J. Cancer, 69:698-705. 

7. Muller MR, Seiler F, Thomale J, Buschfort C,Ra
jewsky MF, Seeber S (1994) Capacity of indivi
dual CLL lymphocytes and leukemic blast cells 
for repair of 06-ethylguanine in DNA: relation 
to chemosensitivity in vitro and treatment out
come. Cancer Res., 54: 4524-4531 

8. Muller MR, Buschfort C, Thomale J, Lensing C, 
Rajewsky MF, Seeber S. DNA repair and cellular 
resistance to alkylating agents in chronic lym
phocytic leukemia. submitted for publication 

9. Thomale J, Engelbergs J, Seiler F, Rajewsky MF 
(1996) Monoclonal antibody-based quantifica
tion and repair analysis of specific alkylation 
products in DNA. In: G. Pfeifer (Ed.) Technol
ogies for Detection of DNA Damage and Muta
tions,pp 89-103, Plenum Press New York 

10. Thomale J, Hochleitner K, Rajewsky MF (1994) 
Differential formation and repair of the muta
genic DNA alkylation product 06-ethylguanine 
in transcribed and non-transcribed genes of the 
rat. J. BioI. Chern., 269:1681-2160. 

11. Muller MR, Thomale J, Lensing C, Rajewsky MF, 
Seeber S (1993) Chemosensitization to alkyla
ting agents by pentoxifylline, 0 6 - benzylguanine 
and ethacrynic acid in haematological malig
nancies. Anticancer Res., l3:2155-2160. 

12. Karran P, Bignami M (1994) DNA damage toler
ance, mismatch repair and genomic instability. 
BioEssays 16: 833-839 

13. Liu L, Markowitz S, Gerson SL (1996) Mismatch 
repair mutations override alkyltransferase in 
conferring resistance to temozolomide but not 
to BCND. Cancer Res. 56: 5375-5379 

14. Fink D, Nebel S, Aebi S, Zheng H, Cenni B, 
Nehme A, Christen RD, Howell SB (1996) The 
role of DNA mismatch repair in platinum drug 
resistance. Cancer Res. 56: 4881-4886 

15. Bentley P, ThomasA, Thomas J (1996) Failure to 
induce resistance to cytotoxic drugs in normal 
lymphocytes. Leuk. Res. 20: 645-648 

II 



16. Ben-Yehuda D, Krichevsky S, Caspi 0, Rund D, 
Pollack A, Abeliovich D, Zelig 0, Yaholom V, Pal
tiel 0, Or R, Peretz T, Ben-Neriah S, Yehuda 0, 
Rachmilewitz EA (1996) Microsatellite instabi
lity and p53 mutations in therapy-related leuke
mia suggest mutator phenotype. Blood 88: 4298-
4303 

12 

17. Tasaka T, Lee S, Spira S, Takeuchi S, Hatta Y, Na
gai M, Takahara J, Koeffler HP (1996) Infrequent 
micro satellite instability during the evolution of 
the myelodysplastic syndrome to acute my
elocytic leukemia. Leukemia Res. 20 : 113-117 

18. Gartenhaus R, Johns MM, Wang P, Rai K, Sidrans
ky D (1996) Mutator phenotype in a subset of 
chronic lymphocytic leukemia. Blood, 87: 38-41 



Acute Leukemias VII 
Experimental Approaches and Novel Therapies 
Hiddemann et al. (eds) 
© Springer-Verlag Berlin Heidelberg 1998 

Functional Characterization of Leukemic Stem Cells 
in Acute Myeloid Leukemia 

B. W ORMANN, K. VEHMEYER, M. FEURING-BUSKE, D. GROVE, S. KONEMANN, W. HIDDEMANN 

Introduction 

The classification of acute leukemias is ba
sed on the morphological and immunophe
notypic characterization of the bulk popula
tion of leukemic blasts in comparison with 
normal hematopoiesis. Leukemias arise 
from the (mono-) clonal expansion of a ma
lignant transformed progenitor cell. Cultu
ring of leukemic cell populations in vitro 
suggests that the disease is maintained by 
only a small number of clonogenic cells, so 
called leukemia initiating or leukemic stem 
cells (Griffin and Lowenberg 1986; Lowen
berg and Bauman 1985; Sabbath et al. 1985). 
There has been uncertainty about the phe
notype of leukemic stem cells and about the 
level of differentiation at which malignant 
transformation occurs. In about 50% of pa
tients with acute leukemia and myelodys
plastic syndromes (MDS) non-random ge
netic aberrations can be detected, either by 
metaphase analysis or by fluorescence in 
situ hybridization. Application of these tech
niques in peripheral blood samples and 
bone marrow aspirates from patients with 
AML and MDS have revealed that the genet
ic aberrations can be detected not only in the 
dominant myeloid blast population but fre
quently also in cells of megakaryocytic, 
erythroid, monocytic, T- and B-Iymphoid 
lineage (Baurmann et al.1993; Knuutila et al. 
1994; Suciu et al. 1993; van Lorn et al. 1993). 
These observations point to a very early, un-

committed progenitor cell as the target of 
malignant transformation. 

Normal hematopoietic progenitor cells 
are characterized by the expression of the 
cell surface antigen CD34. Lineage commit
ment and differentiation is accompanied by 
the sequential acquisition of other cytoplas
mic and cell surface antigens, e.g., CD38 and 
HLA-DR on early progenitors; CDll?, CD33 
and cMPO on myeloid progenitors; cCD?9, 
cCD22 and CD19 on B-Iymphoid progeni
tors; CD? on T-Iymphoid progenitors; c-mpl 
and CD61 on megakaryocytic progenitors; 
CD?1 on erythroid progenitor cells. The ear
liest uncommitted progenitor cell is charac
terized by expression of CD34 and lack of 
expression of CD38, HLA-DR and lineage as
sociated antigens (Huang et al. 1992). Two 
years ago, Mehrothra et al. and our group re
ported results on the genetic analysis of 
CD34+ICD38- subpopulations in bone mar
row aspirates from patients with AML and 
MDS (Feuring et al. 1995; Haase et al. 1995; 
Mehrothra et al. 1995). Both groups obser
ved that these cells with the stem cell-like 
immunophenotype regularly carried the 
genetic marker of the respective leukemia. 
While Mehrothra used FISH for identificati
on of numeric aberrations, we also included 
metaphase analysis to study the whole com
plexity of leukemia cytogenetics. Analysis of 
further cases has substantiated this conclu
sion (Haase et al.199?). 

In parallel, several investigators have per-
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formed functional analysis of presumed 
leukemic stem cells. Methods include short
term colony assays, long-term bone marrow 
cultures and in vivo growth in immunodefi
cient mice. Clonogenic growth was almost 
exclusively detected in CD34 positive cells 
(Yin et aI., 1993). Lapidot et ai. showed that 
CD34+/CD38- cells from a child with newly 
diagnosed acute myeloid leukemia FAB M1 
initiated leukemic growth in SCID-mice, 
while CD34+ICD38+ cells failed to generate 
leukemic colonies (Lapidot et aI., 1994). In 
contrast, Terpstra et ai. observed a patient in 
whom CD34+/CD38+ and CD34-ICD38+ 
were able to initiate leukemic growth in im
munodeficient mice. In addition, the result
ing leukemia was CD34-. 

As part of a project on the characteriza
tion ofleukemic stem cells, we have analysed 
the sequence of CD34 and CD38 aquisition 
in bone marrow aspirates from patients with 
acute myeloid leukemia with respect to syn
chronous or asynchronous expression, and 
have studies the clonogenic growth of iso
lated subpopulations in vitro. 

Material and Methods 

Immunophenotyping 

Cell Preparation. Bone marrow aspirates of 
the patients were prepared for flow cytome
tric analysis using erythrocyte lysis. One 
volume of bone marrow was diluted with 14 
volumes of the lysing solution (10-4 M 
EDTA, 10-3 M KHC03,0.17 M NH4CI in H20, 
pH 7.3) and gently mixed. Cells were lysed 
for 3 to 5 min at room temperature and then 
centrifuged at 200 g for 5 min at room tem
perature. The pellet was resuspended in a 
volume of RPMI 1640 (Gibco) 14 times lar
ger than the original bone marrow volume 
and centrifuged at 200 g for 5 min at 4°C. 
This washing step was repeated twice and 
the cells were finally resuspended in phos
phate buffered saline containing 1 % bovine 
serum albumin and 20 mM Hepes (pH 7.3) 
(PBS). The cell concentration was adjusted 
to 1 x 107 cells/mi. Twenty 1-11 of the monoclo
nal antibody CD38PE [Leu17 PE, Becton 
Dickinson Immunocytometry Systems, San 
Jose, CA (BDIS)] and CD34FITC [HPCA-2 
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FITC (BDIS)] at titer concentration was ad
ded to 100 IJ.l of cell suspension. After an ad
ditional15 min of incubation on ice, the cells 
were washed once with 2 ml of the PBS solu
tion at 4°C. The pellet of the immunofluo
rescent labeled cells was resuspended in 1 ml 
of 0.5% paraformaldehyde in PBS. In the 
control experiments, cells were incubated 
with fluorescence labeled isotype controls. 

Flow cytometry. Flow cytometric analysis 
was performed on a FACS-can (BDIS). Data 
acquisition was performed using the FACS
can Research Software (BDIS). The instru
ment setup was standardized using T lym
phocytes as a reference. This was achieved 
by gating on the fluorescence intensity of 
CD3+ lymphocytes, followed by an adjust
ment of the light scattering detectors to loca
te the CDH lymphocytes in a standard posi
tion in the correlative display of forward 
light scattering and orthogonal light scatter
ing. The fluorescence detectors were adjus
ted using a tight light scattering gate, ob
tained from the light scattering of the CD3+ 
lymphocytes, followed by adjustment of the 
two fluorescence detectors of an unstained 
sample. Adjustment of the cross over of 
fluorescence signals of FITC and PE into 
other than the assigned detectors was ob
tained by compensation of samples stained 
with CD4FITC and CD8PE respectively. The 
forward light scattering and orthogonal 
light scattering signals and the tow fluores
cence signals were determined for each cell 
and data of 20 000 events were stored in list
mode data files. 

Hematopoietic Colony-Forming Assay 

The colony-forming capacity of stem cells 
was investigated in methyl cellulose cultu
res. Cells were mixed with methyl cellulose 
medium consisting of 0.9% methyl cellulose 
(4000 centipoises, Sigma, USA), 0,6% bovi
ne serum albumine (Boehringer, FRG) and 
30% pretested fetal calf serum (Gibco, FRG) 
in Iscove's modified Dulbecco's Medium 
(Gibco, FRG) containing 50 mM 2-mer
captoethanol and 2 mM L-Glutamin (Gibco, 
FRG). Final concentrations were 1.5 x 105 Iml 
for PBMC and 1 x 103 Iml for purified BM 



cells. Cultures were plated in 35-mm petri 
dishes (Greiner, FRG) in the presence of gro
wth factors: 50 ng/ml G-CSF (granulocyte 
colony stimulating factor) (Amgen/Roche, 
FRG), IL-3 and GM-CSF (granulocyte/mac
rophage stimulating factor) (Sandoz, FRG), 
1 U / ml EPO (erythropoietin) (Boehringer, 
FRG) and 20 ng / ml SCF (stem cell fac
tor)/ml (Genzyme, FRG). The plates were 
incubated at 37°C under a fully humidified 
atmosphere and 8% CO2• Colonies were 
scored after 10-14 days under a dissection 
microscope (Zeiss, FRG). Cell aggregates 
containing more than 50 cells were scored as 
colonies. Morphological analysis was per
formed on cytocentrifuge preparations of 
single colonies after Pappenheim staining. 

Results 

Co-expression of CD34and CD38 

Differentiation of normal hematopoietic 
progenitor cells is characterized by the co-
ordinate expression of CD34 and CD38, see 
Fig. 1A. Maturation is characterized by gra-
dual acquisition of CD38 and subsequently 

loss of CD34. Bone marrow aspirates from 
340 patients with newly diagnosed acute 
myeloid leukemia were analysed for co-ex
pression of CD34 and CD38 and classified 
into four different categories: 
1. Coordinate co-expression (Fig.1B) 
2. Low or now expression of CD 34 (Fig. 1 C) 
3. Asynchronous expression of CD34 

(Fig.ID) 
4. Asynchronous expression of CD38 

(Fig. IE) 

The distribution of the different expression 
patterns is summarized in Table 1. The do-

Table 1. Incidence of different antigen patterns in the 
co-expression of CD34 and CD38 in patients with 
acute myeloid leukemia 

Pattern n % 

normal differentiation 
CD34 high 231 68 
normal differentiation 
CD34low/negative 85 25 
aberrant expression of CD34 17 5 
aberrant expression of CD38 7 2 

Total 340 100 

normal differentiation 
CD34 high 

normal differentiation 
CD34 low/negative 

NORMAL BONE MARROW 

C 
o 
3 
8 

CD34 

ACUTE MYELOID LEUKEMIA 

aberrant expression of CD34 aberrant expression of CD38 

Fig.1. Different patterns of co-expression of CD34 and CD38 in acute myeloid leukemia 
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minant pattern follows the coordinate ex
pression of CD34 and CD38. Only half of 
these samples had a significant proportion 
of CD34+/CD38- cells; however, the remai
ning samples also followed the same expres
sion pattern and were thus included into this 
group. Also the second category does not 
differ from the normal expression, except 
that CD34 is low or not expressed. These two 
categories account for 93% of all samples. 
The third category is characterized by the 
sequential acquisition of CD38, however, the 
gradual loss in CD34 of normal differentia
tion does not occur. There is even a tendency 
to overexpression of CD34 in CD38+ blasts; 
17 of the analyzed samples (5%) were classi
fied that category. The last category is cha
racterized by a significant population of 
CD34+/CD38- cells, however CD38 is not ac
quired on the CD34+ cells, but differentia
tion "bypasses" the CD34+/CD38+ stage to 
directly go into the CD34-/CD38+ stage. 
Only 7 of all samples (2%) were classified in 
this group. 

(Ionogenic Growth 

Leukemic blasts from ten samples were se
parated by fluorescence activated cell sort
ing into the categories CD34+/CD38-, 
CD34+/CD38+, and CD34-/CD38+. They 
were incubated in a short -term colony assay, 
developed for growth of normal hemato
poietic progenitor cells. In this assay system, 
normal CD34+/CD38- cells do not grow. 
Comparison of the different patients reveals 
a heterogenous pattern, see Table 2. Analysis 
of the unsorted samples showed a high 

Table 2. Clonogenic growth of CD34 subpopulations 

colonies 
No unsorted CD34+/CD38-

1 93 450 
2 44 
3 183 160 
4 156 154 
5 68 9 
6 288 95 
7 24 0 
8 8 0 
9 80 

10 1 
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interindividual variability with growth 
ranging from 8 (patient 8) to 280 colonies 
(patient 6). In four of nine samples, the hig
hest clonogenic potential resided in the po
pulation of CD34+/CD38- blasts. In four 
samples, a significantly higher proportion of 
colonies was generated from CD34+/CD38+ 
cells, while in additional two samples, hig
hest cloning efficiency was obtained in the 
most mature samples of CD34-/CD38+ cells. 
In five samples (patients 1,5,7,8 and 9) clo
nogenic growth occurred almost exclusively 
in one immunophenotypically defined com
partment. In two of the remaining five sam
ples, clonogenic growth was observed in two 
immunophenotypically related subpopula
tions (patients 2 and 6), in two further sam
ples clonogenic growth was obtained only in 
the most immature and the most mature 
compartment (patients 3 and 4). In the last 
sample (patient 10) only clusters ofleukemic 
cells were observed, no significant colony 
growth occurred. 

Discussion 

Research on the identification and characte
rization ofleukemic stem cells has made sig
nificant progress within the past 15 years. 
Many points have been clarified, some are 
still open or controversial. There is agree
ment that the number of clonogenic cells is 
low (Griffin and Lowenberg 1986; Lowen
berg and Baumann 1985; Sabbath et al. 
1985). The clonogenic compartment resides 
in the CD34+ population. More definitively, 
it can be pinpointed to the compartment of 
CD34+/CD38-cells. This conclusion is soli-

CD34+/CD38+ CD34-/CD38+ 

3 
162 28 

25 
61 

117 
297 

10 0 
34 0 

1 
2 



dified by application of genetic analysis to 
sorted sub populations by Mehrothra et al. 
and ourselves (Mehrothra et al. 1995; Feu
ring et al. 1995; Haase et al. 1995). They are 
further substantiated by functional analysis 
using either short-term colony assays, long
term bone marrow cultures (Terpstra et al. 
1996) and immunodeficient mice (Lapidot 
et al. 1994). The observation by Terpstra et 
al. of a case with leukemia-initiating blasts 
in SCID-mice from a patient with CD34-/ 
CD38+ blasts differs from that conclusion. 
However, analysis of the immunophenotype 
of this leukemic sample shows that it has to 
be classified into aberrant acquisition of 
CD38. According to our results in a large 
group of patients with newly diagnosed 
AML, presented in this paper, this group of 
leukemias is rare and accounts for only 2% 
of all samples. The function of CD34 has not 
been fully elucidated (Krause et al. 1996). 
However, there does not seem to be any anti
gen on the surface of leukemic cells, which 
may not in smaller or larger groups been 
found as aberrant or asynchronous (Ter
stappen et al. 1991). It would thus be very 
surprising, if CD34 or CD38 would be the 
only antigens not prone to disruption of eit
her gene expression, transcription or post
translational modification induced by the 
malignant transformation. In addition, de
velopment of acute myeloid leukemia is con
sidered to be the result of a multi-step path
ogenesis in the majority of cases. It is also 
conceivable, that additional genetic aber
rations at a more mature level of leukemic 
blasts may induce secondary autonomous 
proliferation in subsets of patients. Thus the 
observation of clonogenic growth from 
CD34-/CD38+ cells has to be considered as 
an exception to the above mentioned rule. 

On clinical grounds, the localization of 
malignant transformation at this very early 
progenitor level is quite disturbing. It has to 
be postulated that relapse also stems from 
that cell population. Thus it is not surprising 
that M. Feuring-Buske et al. have described 
persistence of cells with the individual gene
tic marker in that compartment of early pro
genitors in patients in stable hematological 
complete remission (Feuring-Buske et al. 
1997).An option for still distinguishing nor
mal from leukemic progenitors by immuno-

phenotyping lies in the analysis of the po
tential aberrant co-expression of markers of 
lymphoid lineage on CD34+/CD38- leuke
mic progenitors. Lymphoid-lineage associa
ted markers are detected in up to 50% of all 
patients with newly diagnosed acute myelo
id leukemia and may serve not only for de
tection of minimal residual disease in the 
bulk population of leukemic cells but also 
for the detection of minimal residualleuke
mic stem cells. 
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Abstract. In this study we addressed the que
stion whether hematopoietic stem cells cha
racterized by the expression of CD34 are in
volved in the leukemogenic process in AML 
and MDS. For this purpose bone marrow 
cells were sorted according to their expres
sion of CD34 and co expression of CD38 or 
CD1l7 (stem cell factor receptor = CKIT). 
The sorted subpopulations were genetically 
analyzed either by cytogenetics or FISH. 
Successful cytogenetics of sorted CD34+ 
subpopulations could be performed in 24/54 
pts. included in our study (AML: n = 18, 
MDS: n = 6). At diagnosis 18 displayed a 
wide variety of different clonal karyotype 
abnormalities in the unsorted bone mar
row: add(2q); +4; 5q-; 5q- and complex an
omalies; t(6;9); 6p-; -7; +8; t(8;21}; -12; 
inv(16); i(17q); t(17;20); -21; i(21q). We ana
lyzed sorted stem cell subpopulations with 
the immunophenotype CD34+ICD38± in 
19 pts., in 5 pts. stem cells with the immuno
phenotype CD34+1 CD1l7± were exami
ned. We found genetically abnormal stem 
cells in every subpopulation (CD34+ICD 
38-, CD34+ICD38+, CD34+ICD1l7-, 
CD34+ICD1l7-) in every informative case 
(abnormal karyotype in the unsorted bone 
marrow and metaphases/interphase cells 
available for cytogenetic analysis). In 11 pts. 
a mosaic of normal and abnormal cells was 
observed in the sorted stem cell subpopula
tions. In five pts. secondary, progression-as
sociated anomalies were present in the sor
ted stem cells. We conclude that in AML and 

MDS malignant transformation and disease 
progression occur at the level of immature 
hematopoietic stem cells independent from 
the phenotype of the leukemic bulk popula
tion and the type of genetic alteration. 

Keywords: Stem cells, AML, MDS, chro
mosomes, cytogenetics, CD34, CD38, CD 117 

Introduction 

The classification of acute leukemias sug
gests an arrest of maturation at a specific 
stage of differentiation, due to malignant 
transformation of the presumed normal 
counterparts [1]. In contrast in chronic my
elogenous leukemia (CML) and MDS it is 
supposed that the transformation occurs at 
the level of pluripotent stem cells [2,3]. Ho
wever, those inferences supporting a stem 
cell involvement were indirect - for instance 
by the demonstration of clonal genetic mar
kers in different cell lineages - and not based 
on the examination of stem cells themselves 
[3, 4, 5]. A direct genetic analysis of purified 
and well-characterized stem cells was not 
possible as yet. 

The very recently developed tools to iden
tify and characterize stem cells by function 
[6] and specific surface molecules [7] have 
now provided an access to stem cell biology 
in normal hematopoiesis and malignant dis
orders. 

Stem cells express a characteristic cell sur
face antigen classified as CD34 [8]. The po-

Dept. of Hematology and Oncology, Georg-August-University, Robert-Koch-Str. 40, 37075 Gottingen, 
Germany 
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pulation of CD34+ cells can be further subdi
vided by the expression of lineage-specific 
and/or lineage-associated cell surface mole
cules acquired on different maturational sta
ges [9]. CD34+/CD38-/HLA-DR-cells are 
pluripotent hematopoietic cells and give rise 
to myeloid and B-lymphoid cells [10]. With 
increasing maturation the expression of 
CD34 gets lost. Immunophenotypical classi
fication of acute leukemias is based on the 
comparison ofleukemic cells with their pre
sumed normal couterparts [11,12,13]. Fifty 
percent to 80% of newly diagnosed AML are 
CD34+ [14]. On leukemic blasts the immun
ophenotypic profile of normal immature he
matopoietic progenitors characterized by 
the expression of CD34, CD38 and HLA-DR 
is well conserved [15]. Blasts from a patient 
with AML Ml, injected into scm mice were 
able to induce the clinical and hematologic 
features of AML [16] although it has been re
ported by others that also CD34- blasts have 
the potential for leukemia-induction in scm 
mice [17]. However it has not been clarified, 
whether the functional behaviour of CD34+ 
cells differs betweenAML subtypes,especial
ly in cases with no or only a minor populati
on of CD34-alone positive cells. Characte
rization, discrimination, and isolation of 
normal and leukemic stem or progenitor 
cells are the basis for improvements in my
eloablative chemotherapy with subsequent 
autologous retransfusion [18], for targeted 
gene therapy [19], and for monitoring of re
sidual disease [20, 21]. By fluorescence-ac
tivated cell sorting (FACS) stem cells can be 
isolated up to a purity of >98%. 

Fifty -80% of all patients with AML dis
play clonal chromosome abnormalities [22, 
23] which can be delineated by classical 
cytogenetic techniques in bone marrow, pe
ripheral blood and other tissue specimens. 
Quantification of numerical and selected 
structural aberrations is facilitated by flu
orescence in situ hybridization (FISH) [5, 
24]. The majority of chromosomal abnor
malities are leukemia-specific. While pri
mary chromosomal changes are considered 
as initiating factors, secondary abnormali
ties are involved in disease progression. 

We have developed techniques to further 
cultivate and process FACS-isolated stem 
cells for classical cytogenetics, fluorescence 
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in situ hybridization (FISH) and molecular 
analysis [25,26]. Thus we were able to analy
ze the genotypes of CD34+ stem cell subpo
pulations in MDS and AML. 

For all questions addressed only patients 
whose bulk populations of leukemic blasts 
were CD34 negative were exmined. 

Material and Methods 

Patients 

Bone marrow aspirates of 54 patients with 
AML or MDS at diagnosis or in relapse were 
selected for sorting procedures according to 
their immunophenotypes. Patients were ad
mitted to the Department of Internal Medi
cine of the University of Gottingen (Gottin
gen, Germany). Diagnosis and classification 
of AML were based on light microscopy of 
Pappenheim -stained slides, and on cytoche
mical reaction with periodic acid schiff 
(PAS), myeloperoxidase, and esterase. Slides 
were reviewed by two independent hemato
logists according to the criteria of the 
French-American-British (FAB) classificati
on. In 24 cases genetic analysis (classical 
cytogenetics, FISH or RT -PCR) of the sorted 
CD34+ cells was possible. Diagnosis was 
AML in 18 patients. Six patients suffered 
from MDS. The karyotype of the unsorted 
bone marrow was normal in 6 patients, one 
patient displayed a chromosomal instability 
and 17 patients had clonal, cytogenetic ab
normalities. A total of 15 different clonal 
chromosomal aberrations could be detec
ted: (2q+, +4, 5q-,5q- and complex anoma
lies, 6p-, t(6;9), -7, +8, t(8;21), -12, inv(16), 
i(17q), t(17;20), -21, i(21q)). The following 
highly purified stem cell populations were 
separated: CD34+/38-, CD34+/38+, 
CD34+/117-, CD34+117+. The patients' 
characteristics (age, sex, FAB-type, cytoge
netic abnormalities and number of meta
phases or interphases analyzed) are shown 
in the tables. 

Immunophenotyping 

Immunophenotyping was performed at dia
gnosis by multiparameter flow cytometry 



using a whole blood lysis method and a set of 
monoclonal antibodies against myeloid and 
lymphoid lineage-associated antigens: CD2, 
3,4,5,7,8,10,11b,11c,13,14,15,16,19,20,25, 
33,34,38,45.56,61,71, HLA-DR and Glyko
phorin A (all antibodies directly conjugated 
with FITC, PE, PerCP or Cy5, all antibodies 
Becton Dickinson Mountain View, CA, 
USA). 

Fluorescence-Activated Cell Sorting 

Mononuclear cells [1-2 x 107] were isolated 
by Ficoll gradient centrifugation, washed 
twice in RPMI 1640 (GIBCO, Germany) and 
double-stained with the specific antibodies 
(CD34FITC, CD38PE (Becton Dickinson, 
San Jose, CA, USA)). The CD34+/CD38-, 
CD34+/CD38+, CD34+/CD1l7-, CD34+/ 
CD1l7+ populations were sorted according 
to their light scatter properties and fluores
cence intensity using a FACS Vantage (Bec
ton Dickinson, San Jose, CA, USA) equipped 
with a 488 nm Argon laser, Lysis software. 
Sort purity was >98%. Drop drive frequency 
was below 2000/min, the sheath fluid was 
PBS. 

The FACS Vantage is an expansion of a 
flow cytometer. It can separate subpopulati
ons of cells on the basis of optical measure
ments. The particle stream is directed 
through a small orifice (50-100 fim diame
ter). The optical detection takes place in a 
square capillary channel after the particles 
leave the nozzle (called jet in air detection). 
Particles to be purified by sorting are reco
gnized by their distinctive fluorescence 
and/or scattered light intensities in the same 
way as done in the flow cytometer. After pas
sing the spot where the optical measurement 
is performed each particle continues to flow 
in the liquid jet to break up very reproducib
ly into small droplets, which all have the 
same size. An electric charge is induced on 
each droplet containing a particle to be sor
ted by applying an electric pulse (130 V) to 
the fluid inside the flow channel just before 
the droplet breaks off. The charged and un
charged droplets then pass through a high 
electric field (2000 Vim) where the charged 
droplets are deflected and separated from 
the uncharged droplets. The charged dro-

plets are collected in a tube and can be used 
for further analysis. 

Fluorescence in Situ Hybridization 

For the FISH experiments cells were sorted 
onto glass microscope slides containing 
100 fil 0.1% agarose and fixed with metha
nol:acetic acid, 3: 1; vol/vol. Selection of DNA 
probes was individualized on the basis of the 
karyotype of each leukemic specimen. Cen
tromeric probes for chromosome 8 directly 
labeled with Spectrum Orange were used 
(Vysis, Naperville, USA). Cellular DNA was 
denatured at 74°C for 5 min in 70% forma
mide, saline sodium citrate (SSC 0.30 mol/I 
NaCL, 0.03mol/1 sodium citrate, pH 7-8). Af
ter dehydration in ethanol series (70,80,90, 
100%) and air-drying at 42°C, the DNA pro
be was denatured in hybridization mixture 
(formamide 50%: dextran sulfate 10%; 2X 
SSC at 74°C for 5 minutes and immediately 
applied to cells on slides that were hybridi
zed overnight in a humidified chamber at 
37°C, Slides were washed three times at 42 °C 
in 2X SSC, pH 7. Cell scoring was performed 
using a 100X Plan Neofluor objective moun
ted on an Axioscope (Zeiss, Wetzlar, Ger
many). 

In Vitro Culturing and Cytogenetic Analysis 

The FACS isolated cells were incubated at 
37°C for 24-72 h in RPMI 1640 (GIBCO,Kar
lsruhe, Germany) supplemented with 20% 
FCS (HyClone, Logan, USA), 100 U/ml re
combinant human (rh) granulocyte colony
stimulating factor (Amgen, Thousand Oaks, 
CA), 100 U/mL glycosylated rh granulocyte
macrophage colony-stimulating factor (Beh
ringwerke,Marburg, Germany), 100 U/ml rh 
interleukin-3 (Behringwerke), 1 U/ml 
erythropoietin (Boehringer, Mannheim, 
Germany), and 50 ng/ml stem cell factor 
(Genzyme, Boston, MA). Cells were incuba
ted with 0.3 fig/ml colcemide (GIBCO) for 
12 h. Chromosome preparation and staining 
by a modified GAG-banding technique have 
been described previously. The karyotypes 
were classified according to the International 
System of Chromosome Nomenclature [28]. 
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Molecular Analysis of the AML 1/ETO 
Fusion-Transcript 

The AMLl/ETO fusion transcript was analy
zed in two patients with a known t(8;21) by 
rt-PCR. M-RNA of FACS-isolated CD34+ 
stem cells was extracted according to the 
protocol of InVitroGen. Reverse transcripti
on was performed according to the Gibco 
protocol with Superscript-RT (recombinant 
M-MLV-RT RNAse H-) using ETO-Primer 1 
at 42°C. For the first amplification step ETO
Primer 1 and AML-I-Primer 2 with GIBCO 
Taq polymerase were used at 50°C. The se
cond amplification step was performed 
using ETO-Primer 3 and AML-l-Primer 4 at 
50°C. For hybridization oligo-probe 5 or 
KASUMI primer 3 and 4 amplification pro
duct as a probe were used. Labeling was per
formed with DIG dUTP by 3' TdT tailing. 
The localization of primers for the nested 
PCR was as published [29]. 

Results 

We processed bone marrow biopsies of 54 
patients with MDS or AML for FACS (fluore
scence activated cell sorting) and subse
quent genetic analysis. 

Stem cells characterized by the co-expres
sion of CD34 and CD38 were examined in 19 
patients. In 5 patients CD34+ cells further 
subdivided by the expression of CD 117, the 
receptor for the stem cell factor (CKIT) were 
studied. In detail we examined subpopulati
ons with the immunophenotypes CD34+/ 
CD38-, CD34+/CD38+, CD34+/CD1l7-, 
CD34+/CD1l7+. 

In 24 cases genetic analysis (classical 
cytogenetics; FISH or RT-PCR) of highly
purified, FACS-isolated CD34+ cells was 
possible. 

Eighteen patients had an AML (MO: 2 pts., 
Ml: 1 pt.,M2: 4 pts.,M2baso: 1 pt.,M4: 5 pts., 
M4eo: 5 pts.). A myelodysplastic syndrome 
was diagnosed in 6 patients (RA (secon
dary): 1 pt.,RA: 2 pts.,RAEB: 2 pts.,CMML: 1 
pt.). Twelve patients were of male, 12 of fe
male gender. The age ranged between 8 and 
81 years with a median of 59 years. Twenty
three patients were examined at diagnosis, 
one in relapse. The karyotype of the unsor-
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ted bone marrow was normal in 6 patients, 1 
patient displayed a chromosomal instability 
and 17 patients had clonal, cytogenetic ab
normalities. A total of 15 different clonal 
chromosomal aberrations could be detected 
in the following different highly-purified 
stem cell subpopulations: CD34+/CD38-, 
CD34+/CD38+, CD34+/CD1l7-, CD34+/ 
CD1l7+. 

Stem Cell Genetics in AML at Diagnosis 

CD34+/CD38- Cells (Table 1) 
The number of cells after the sort procedure 
ranged between 500 and 6 X 105 with a me
dian of 2 X 104• A cytogenetic examination 
of this most immature stem cell population 
was possible in 10 of 16 patients. One case 
was examined by FISH and in a further pati
ent rt-PCR was performed. The number of 
completely analyzed metaphases ranged 
between 1 and 36 with a median of 11. Four 
patients had a normal karyotype in their un
sorted bone marrow. In one of them we fai
led to perform cytogenetic analysis of the 
stem cells. In the remaining three cases a 
normal karyoytpe was also present in the 
CD34+/CD38- cells. In seven patients we fo
und clonal cytogenetic abnormalities [2q+, 
+4, t(6;9),6p-,+8,-12,inv(16) in threepati
ents] in the immature stem cell population 
which were identical to those delineated in 
the unsorted bone marrow. 

In one case, trisomy 8 was demonstrable 
by FISH. Rt-PCR of the AMLl/ETO fusion 
transcript was positive in one case. An AN
status (mosaic of normal and abnormal 
cells) could be observed in the sorted stem 
cell subpopulations of five patients. Secon
dary karyotypic changes were observed in 
two patients. In case no. 6 trisomy 8 occurred 
additionaly to translocation t(6;9) and in 
case no. 14 an inversion 16 was accompanied 
by trisomy 8 and monosomy 12. 

CD34+/CD38+ cells (Table 1) 
The cellular yield after cell sort ranged bet
ween 500 and 2 xl 06 with a median of 1.5 X 105. 

A cytogenetic examination of this popu
lation which is thought to represent commit
ted stem cells was possible in 15 of 16 pati
ents. In one case only rt-PCR was perf or-



Table 1. Stem cell genetics (CD34/CD38) in 16 pts. withAML at diagnosis 

Pat. no.! Diagnosis Karyotype, Immuno- Cells Karyotypel Metaphasesl 
age/sex (FAB) unsorted phenotype of after short rt-PCRof interphases 

sorted cells (x 103) sorted cells analyzed 

1I32/m AMLMO Normal CD34+/38- 4.5 Normal 5 
CD34+/38+ 4.5 Normal 2 

2/27/f AMLMO Normal CD34+/38- 2.3 No result 0 
CD34+/38+ 215 Normal 12 

3/46/m AMLM1 Normal! CD34+/38- 55 2q+ 2 
add(2)(q37) CD34+/38+ 60 Normal!2q+ 3/8 

4/8/m AMLM2 Not done CD34+/38- 12 No result 0 
relapse CD34+/38+ 50 Normal/-7 2118 

5160/m AMLM2 Normal!+8 CD34+/38- 30 No result 0 
MDS- Normal/+8 10/32 (FISH) 
prephase CD34+/38+ 70 +8 3 

Normal!+8 2/14 (FISH) 
6/75/f AML t(6;9),+8 CD34+/38- 42 t(6;9),+8 1 

M2Baso CD34+/38+ 15 t(6;9),+8 2 
7171 If AMLM4 Normal CD34+/38- 100 Normal 9 

CD34+/38+ 1,000 Normal 17 
8/73/m AMLM4 Normal! CD34+/38- 5 Normal!del(6p) 19/10 

withPNH del(6p) CD34+/38+ 100 Normal/del(6p) 1115 
9160/f AMLM4 Normal I CD34+/38- 45 Normal/+4 2/11 

+4 CD34+/38+ 52 Normal/+4 13/1 
10/58/f AMLM4 Normal CD34+/38- 50 Normal 24 

CD34+/38+ 500 Normal 4 
111511m AML Normall CD34+/38- 20 No result 0 

M4Eo inv(16) CD34+/38+ 200 inv(16) 1 
12/34/f AML inv(16) CD34+/38- 30 Normal/inv(16) 114 

M4Eo CD34+/38+ 100 inv(16) 5 
13/30/f AML Normal! CD34+/38- 600 Normal/inv(16) 2/34 

M4Eo inv(16) CD34+/38+ 2,000 inv(l6) 36 
14/811m AML +8,-12, CD34+/38- 70 +8,-12,inv(16) 23 

M4Fo inv(16) CD34+/38+ 390 +8,-12,inv(16) 19 
15159/m AML +8,inv(16) CD34+/38- 10 No result 0 

M4Eo CD34+/38+ 400 +8,inv(l6) 5 
16/32/f AMLM2 t(8;21) CD34+/38- 0.5 PCR+ 

CD34+/38+ 0.5 PCR+ 

med. The number of completely analyzed served in patient no. 14, and in patient no. 15 
metaphases ranged between 1 and 36 with a inversion 16 was accompanied by trisomy 8. 
median of 14. Four patients had a normal 
karyotype in the unsorted bone marrow as (D34+/(Dl17-/+ cells (Table 2) 
well as in the sorted CD34+/CD38- cells. We CD117, the receptor for the stem cell factor 
found clonal karyotype abnormalities in 11 (SCF) was introduced into our analytical pa-
patients. All of them had the same abnorma- nel to examine whether this surface molecu-
lities in their unsorted bone marrow. In one Ie can be used as a tool to separate normal 
case the AMLl/ETO fusion transcript was from leukemic stem cells. CD34+ stem cells 
detected by RT-PCR. An AN-status was ob- characterized by the coexpression of CD 117 
served in 7 patients. In this population se- were examined in two patients with AML. 
condary abnormalities were present in three The cellular yield was 3100 cells and 500 cells 
patients. Trisomy 8 occurred additionaly to respectively in the CD34+/CD117- populati-
t(6;9) in patient no. 6, trisomy 8 and mono- ons and 100000 cells and 300 cells respec-
somy 12 secondary to inversion 16 were ob- tively in the CD34+/CD 117+ populations. 
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Table 2. Stem cell genetics (CD34/CDl17) in 2 pts. withAML at diagnosis 

Pat. no.! Diagnosis Karyotype, Immuno- Cells Karyotype of Metaphases 
age/sex (FAB) unsorted phenotype of after sort sorted cells analyzed 

(x 103) sorted cells 

17/70/m AMLM2 Normal/ CD34+/117- 3.1 i(21q) 1 
i(21q) CD34+/117+ 100 No result 0 

18/74/m AMLM4 Normal/ CD34+/117- 0.5 i(17q),s21 2 
i(17q),s21 CD34+/117+ 3.0 i(17q),s21 7 

We performed classical cytogenetics of 
sorted stem cells and detected clonal an
omalies in both patients. In patient no. 17 an 
isochromosome of the long arm of chromo
some 21 was present in the CD34+/CD117-
subpopulation. We were not able to analyze 
the CD34+/CD117+ population in this case. 
In the second patient an isochromosome 
17q and monosmy 21 was verifiable in both 
stem cell subpopulations. 

Stem (ell Genetics in MOS at Oiagnosis 

(034+/(038-/+ (ells (Table 3) 
Stem cells characterized by the expression of 
CD34 and CD38 were analyzed in three pati
ents with MDS at diagnosis. The cellular 
yield after sort ranged between 900 and 3 x 
104• The number of completely analyzed me
taphases was 36, 10, and 15 in the respective 
subpopulations. 

In patient no. 19 with a MDS secondary to 
ovarian cancer treated with treosulfan 
CD34+/CD38- and CD34+/CD38+ cells 
were sorted together because of the scarcity 

of cells in this special case. Cytogenetic ana
lysis of the unsorted bone marrow revealed 
five different subclones with a 5q- chromo
some as the primary abnormality related to 
each other by karyotype evolution. In the 
sorted CD34+ stem cell population all five 
sub clones were verifiable. 

The second patient had a cytogenetically 
normal unsorted bone marrow. In the 
CD34+/CD38- population karyotyping was 
not successful whereas in the CD34+/CD38+ 
population we likewise found only normal 
cells. In the third patient with MDS we verified 
a chromosomal instability known from the 
unsorted bone marrow within the CD34+/ 
CD38+ progenitor cell subpopulation. 

(034+/(0117-/+ cells (Table 4) 
In this group we analyzed sorted cells of 
three patients. The number of CD34+1 
CD 117 - cells after the sort was 4000, 10000 
and 210 respectively. The yield of CD34+1 
CD117+ cells was 160,400 and 50 respec
tively. 

We were successful in performing genetic 
analysis of the CD34+/CD 117 - stem cell sub-

Table 3. Stem cell genetics (CD34/CD38) in 3 pts. with MDS at diagnosis 

Pat. no.! Diagnosis Karyotype Immuno- Cells after Karyotype of Metaphases 
age/sex (FAB) unsorted phenotype of sort (x 103) sorted cells analyzed 

sorted cells 

19/62/f MDS sq-/ CD34+/38- 25 AilS abnormal 36 
RA(SO) sq-,17p-/ together with clones as in 

sq-,17p-,der17/ CD34+/38+ unsorted cells, 
sq-,17p-,der17,-20/ no normal cells 
sq-,-7,17p-,der17 

20/68/m MDS Normal CD34+/38- 8.0 No result 0 
RAEB CD34+/38+ 30.0 Normal 10 

2116s/m MDS Normal/chromoso- CD34+/38- 0.9 No result 0 
CMML mal instability CD34+/38+ 4.0 Normal/chromo- 15 

somal instability 
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Table 4. Stem Cell Genetics (CD34/CD 117) in 3 pts. with MDS at Diagnosis 

Pat/no.! Diagnosis Karyotype Immuno- Cells Karyotype of Metaphases/ 
age/sex (FAB) unsorted phenotype of after sort sorted cells interphases 

(x 103) sorted cells analyzed 

22/60/f MDS Normal!5q- CD34+1117- 4.0 Normal/q5- 1/10 
RA CD34+1117+ 0.16 No result 0 

23/71/f MDS Normal CD34+1117- 10.0 Normal 6 
RA CD34+1117+ 0.4 No result 0 

24/24/f MDS Normal!+8 CD34+/117- 0.21 Normal!+8 37/40(FISH) 
RAEB CD34+1117+ 0.05 No result 0 

population in all three patients. We thus 
were able to verify the Sq- anomaly of pati
ent no. 22 and trisomy 8 of patient no. 24 
within the immature stem cell population. 
The trisomy 8 was detected by FISH. Patient 
no. 23 had a normal bone marrow karyoty
pe which was confirmed by us in her 
CD34+ICD117- cells. In both cases with ab
normal stem cells we observed a mosaic of 
normal and abnormal cells (AN-status). 

Discussion 

We conclude that in AML and MDS the im
mature stem cells regularly are the target of 
primary, disease-initiating and secondary, 
progression-associated leukemogenic gene
tic defects. This can be infered from our ob
servation that whenever a case was informa
tive (clonal abnormality in the unsorted 
bone marrow and successful genetic analy
sis of sorted cells) we were able to detect ab
normal stem cells. This seems to be indepen
dent from the type of leukemia (de novo vs. 
secondary), the FAB-subtype and the kind of 
(cyto-)genetic abnormality since IS dif
ferent genetic abnormalities were found in 
the stem cell populations. 

Especially in the cases of M4Eo with in
version 16 these observations were quite un
expected, since it seemed obvious that in 
these patients. malignant transformation 
occurs at the level of myelomonocytic com
mitted progenitors. Further remarkable are 
our findings in S pts (pts. no 6, 14, IS, 18, and 
19) which argue for an occurrence not only 
of primary, transforming defects but also of 
secondary, progression-associated abnor
malities at the level of immature progeni-

tors. Case no. 19 is especially interesting 
since in this pt. with a secondary MDS all 
five abnormal cell clones consisting of a 
stem line with a Sq- chromosome as initial 
abnormality and four different depending 
subclones were demonstrable in the un
sorted as well as the highly purified flow
sorted CD34+ stem cell population, provid
ing clear evidence that karyotype evolution 
and thus the dynamic process of disease 
progression takes place in the stem cell com
partment. This observation furthermore 
implies that genetic instability-the prere
quisite for an accumulation of (cyto )genetic 
abnormalities-occurs at the level of CD34+ 
stem cells. 

Our results demonstrate that even tiny 
stem cell subpopulations with a cellular 
yield after cell sort of under 1000 cells can be 
succesfully karyotyped. This observation 
can be explained by the outstanding respon
se of the stem cells to the cytokine cocktail 
chosen by us [2S]. The proliferative potential 
of FACS-isolated CD34+ lineage-negative 
stem cells is well compatible with the succes
ful initiation ofleukemia in scm mice by in-
0culation with highly-purified immature 
progenitor cells [16]. 

In ten patients with abnormal stem cells 
an accompanying population of normal 
cells was demonstrable. Further sort and ge
notyping research should focus on strate
gies for the discrimation between normal 
and abnormal stem cells. Our first attempt to 
follow this strategy was to use the coexpres
sion of CD 117 as putatively discriminating 
element. However, in this respect our results 
are disappointing since neither the 
CD34+ICD117- nor the CD34+ICDl17+ 
populations were free of leukemia-associa-
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ted abnormalities in the informative cases 
(Tables 2 and 4). Further data are needed to 
confirm our preliminary results especially 
for the CD34+/CD1l7+ populations which 
seem to be difficult to analyze. 

The vast majority of published data from 
other groups is based on indirect evidence 
for a stem cell involvement in malignant 
transformation in hematologic malignan
cies. Most information was derived from 
FISH and/or cytogenetic analyses of immu
nophenotypically characterized cells from 
different cell lineages [4,5] or from combi
ning morphology and FISH [29]. Another 
group examined Ig heavy chain gene rear
rangements in lymphoid and myeloid cells 
from patients with mixed lineage de novo 
acute leukemias. Their results were compa
tible with a clonal gene rearrangement at the 
level of pluripotent stem cells [30]. Recently, 
independent from us two groups have ana
lyzed highly-purified, flow-sorted stem 
cells. Turhan et al. [31] examined CD34+/ 
CD38- and CD34+/CD38+ stem cell subpo
pulations for the presence of the PML
RARA fusion transcript in three patients 
with promyelocytic AML (M3-subtype) by 
reverse transcriptase-polymerase chain re
action (RT-PCR). In two patients clonality 
analysis was additionally performed using 
the BstXI polymorphic site of the PGK gene. 
It was concluded from the data that in AML 
M3 the leukemogenic event does not take 
place in the CD34+/CD38- stem cells but is 
demonstrable in the more committed 
CD34+/CD38+ population. Mehrotra et al. 
analyzed sorted stem cell subpopulations in 
15 patients with AML harbouring numerical 
karyotype abnormalities in their unsorted 
diagnostic bone marrow biopsies by FISH. 
In 15/15 cases they were able to demonstrate 
the respective numerical abnormality in the 
sorted immature stem cells [32]. Together 
with our data 21 different karyotype abnor
malities were found within CD34+ stem cell 
subpopulations up to now. This is a strong 
argument for the hypothesis that malignant 
transformation in AML at the level of imma
ture stem cells is the rule rather than the ex
ception which had been assumed as yet. The 
data of Turhan and colleagues however 
shade the light on the possiblity that distinct 
leukemias with a very special biology might 
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be excluded from what seems to be a com
mon pathway in leukemogenesis. However, 
data of this group on the lack of PML-RARA 
fusion transcripts in CD34+/CD38- cells 
need further confirmation. 

Our findings have substantial implicati
ons for the pathogenetic concept of leuk
emogenesis. The conservative model ofleu
kemogenesis is based on the dogma that the 
leukemic phenotype is a reflection of the 
level of the hematopoietic hierarchy where 
the leukemogenic defect occurs, mostly at 
the level of committed progenitors. We 
would like to suggest a revised model with 
the genetic defect regularly occurring at the 
level of immature stem cells. In this model 
the genetic defect itself is the determinant 
for the differentiational program of the af
fected cell clone. Clonal abnormalities are 
only detectable in an expanding cell clone of 
a distinct cell line, if they provide a survival 
benefit for the respective cell, e.g., t(8;21) in 
myeloblastic cells or t(8;14) in B-Iymphobla
stic cells. By PCR-techniques it seems to be 
possible to detect "myeloid" genetic abnor
malities like t(8;21) in "non-myeloid" linea
ges like T-cells [28]. However, it can be spe
culated that the leukemogenic potential of 
distinct abnormalities depends on the cha
racteristics of the affected cell lineage. As an 
example t(8;21) on the one hand is leukemo
genic in myeloblastic cells and on the other 
hand is non-leukemogenic but compatible 
with cellular survival in T -cells. Thus, the pa
radoxon could be explained that most clonal 
abnormalities occur at the level of immature 
stem cells but not all of them can be obser
ved in any cell lineage. 

Our results furthermore have substantial 
implications for residual disease in leuk
emia, since immunophenotypically normal 
stem cells might harbour a reservoir for re
lapse-inducing cells. These findings also 
have to be taken into account if myeloabla
tive therapy strategies in leukemia are com
bined with autologous stem cell transplanta
tion. 

Therapeutically our data have two conse
quences: firstly, there is accumulating evi
dence that in leukemia the stem cell has to be 
the target and not to be prevented from 
therapy. Secondly, our data show that in the 
stem cell pool normal and abnormal coun-



terparts coexist. Future efforts should focus 
on how to discriminate these two stem cell 
compartments. 
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Mutations of Mitochondrial DNA as an Early Event in the Pathogenesis of 
Myelodysplastic Syndromes 

N. GATTERMANNl, Y.-L. WANGl,S. RETZLAPpl,J. HEINISCH2, C.AUL1 and W. SCHNEIDER 1 

Abstract. Chloramphenicol inhibits mito
chondrial protein synthesis, and its prolon
ged administration produces pancytopenia 
and dysplastic changes in the bone marrow, 
including the formation of ring siderob
lasts. These changes are comparable to the 
abnormalities observed in myelodysplastic 
syndromes (MDS). Another link between 
mitochondrial dysfunction and disordered 
hematopoiesis is provided by Pearson's 
syndrome, a rare congenital disorder 
presenting in infancy with a variety of sym
ptoms, including refractory sideroblastic 
anemia, thrombocytopenia, neutropenia, 
and dysplastic changes in the bone marrow. 
Pearson's syndrome is caused by large dele
tions of mitochondrial DNA (mtDNA). Fur
thermore, point mutations of mito
chondrial tRNAs also inhibit mitochondrial 
protein synthesis, as known from mito
chondrial encephalomyopathies. We are 
screening bone marrow samples from MDS 
patients for point mutations of mtDNA, em
ploying RFLP analysis and heteroduplex 
analysis with temperature-gradient-gel-el
ectrophoresis (TGGE). Several point muta
tions have been identified that are hetero
plasmic, i.e. they establish a mixture of nor
mal and mutated mitochondrial genomes, 
which is typical of disorders of mtDNA. 
Mutations were found in mitochondrial 
tRNAs, in subunits 1 and 2 of cytochrome
c-oxidase (COX, complex IV of the respira
tory chain) and in cytochrome b (redox 

center of complex III). Identification of two 
point mutations with very similar location 
in COX 1, as well as other lines of evidence, 
suggest that cytochrome-c-oxidase, the 
only copper-containing enzyme complex of 
the respiratory chain, is involved in 
mitochondrial iron uptake and conversion 
of Fe3+ to Fe2+ for heme synthesis. COX mu
tations may therefore playa pivotal role in 
the pathogenesis of sideroblastic anemia. 
Even though some mtDNA mutations are 
known to create a growth handicap for pro
liferating cells, the percentage of mutated 
mtDNA molecules in the bone marrow 
samples was as high as 40-60%. MtDNA mu
tations are therefore unlikely to be late 
events arising in a sub clone, because in that 
case they would prevent their propagation 
in the bone marrow by putting their subclo
ne at a disadvantage compared with other 
cells of the neoplastic population. This is in
compatible with the observed high propor
tions of mutated mtDNA. It must be conclu
ded that mtDNA mutations are early events, 
arising in a stem cell which later undergoes 
transformation through nuclear DNA mu
tations, thereby acquiring the capability of 
establishing clonal hematopoiesis and 
spreading the mtDNA mutation in the bone 
marrow. 

Keywords. Myelodysplastic syndromes, 
sideroblastic anemia, heme synthesis, mito
chondrial iron metabolism, respiratory 
chain, mitochondrial DNA 
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Introduction 

Mitochondrial DNA and Disease 

Human mitochondrial DNA (mtDNA) is a 
small (16569 bp) double-stranded circular 
DNA molecule, which contains 13 protein 
genes, all of them coding for essential sub
units of the mitochondrial respiratory 
chain, together with 2 ribosomal RNAs and 
22 transfer RNAs that are necessary for the 
expression of the protein genes. Every mito
chondrion has 5-10 copies of mtDNA, so that 
every cell contains hundreds or even thou
sands of copies of mtDNA. In 1988, it was 
discovered that mutations of mitochondrial 
DNA underlie mitochondrial myopathies 
and Leber's hereditary optic neuropathy. 
Since then, mtDNA mutations have been im
plicated in a number of neurological disea
ses, some forms of diabetes, and even aging 
(reviews: [1-8]). The preponderance of neu
rological symptoms in disorders of mtDNA 
is not surprising because the functioning of 
neurons and muscle cells depends very 
much on energy production by an intact res
piratory chain. Up to now, there has been 
only one example of a mitochondrial DNA 
disorder featuring hematological sym
ptoms. Pearson's syndrome is a rare conge
nital disorder, which is characterized by per
manent lactic acidosis, pancreatic insuffi
ciency, other metabolic derangements, and 
severe refractory sideroblastic anemia. The 
anemia is usually accompanied by neutro
penia and thrombocytopenia. The bone 
marrow shows dysplastic changes, including 
ring sideroblasts and prominent vacuoliza
tion of precursor cells. A few years ago, it was 
found that Pearson's syndrome is caused by 
large deletions of mitochondrial DNA. Pear
son's syndrome thus provides a strong link 
between mtDNA damage and bone marrow 
dysplasia with a sideroblastic phenotype. 
Another link between mitochondrial dys
function and disordered hematopoiesis is 
provided by the well-known hematological 
toxicity of chloramphenicol [9]. Prolonged 
administration of chloramphenicol (CAP) 
produces pancytopenia and dysplastic 
changes in the bone marrow, including the 
formation of ring sideroblasts, which are 
comparable to the abnormalities observed 
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in myelodysplastic syndromes. The hemato
logical toxicity of CAP medication is media
ted through inhibition of mitochondrial 
protein synthesis. Impairment of mitochon
drial protein synthesis, on the other hand, is 
also the mechanism by which mutations of 
mitochondrial tRNAs exert their pathoge
netic effect in mitochondrial encepha
lomyopathies. It is therefore tempting to 
speculate that mutations of mitochondrial 
tRNAs and other mtDNA mutations may 
give rise to hematopoietic dysplasia. 

In Pearson's syndrome, investigation of 
many patients confirmed that mtDNA dele
tions are a consistent feature of the disease. 
However, the pathogenetic relation between 
mtDNA deletions and sideroblastic anemia 
has not been understood. We have recently 
developed a new pathogenetic model of si
deroblastic anemia, which provides the mis
sing link between mitochondrial DNA mu
tations and the formation of ring siderob
lasts. This model not only applies to Pear
son's syndrome but also to sideroblastic 
anemia in the context of myelodysplastic 
syndromes. 

A New Pathogenetic Model of Sideroblastic Anemia 

Sideroblastic anemia is characterized by in
adequate formation of heme and excessive 
accumulation of iron in erythroblast mito
chondria. For many years, investigators 
tried to clarify the disorder by searching for 
enzyme defects of heme biosynthesis (Fig. 
1). A major shortcoming of this approach 
was its inability to explain why, at the termi
nal step of the heme synthetic pathway, pro
toporphyrin IX is elevated rather than 
decreased in most AISA patients [10]. This 
finding is incompatible with a significant 
enzyme defect upstream in the pathway, but 
it provides a strong argument for a possible 
defect in the last step of heme synthesis, na
mely insertion of iron into protoporphyrin 
IX. This step is catalyzed by ferrochelatase. 
However, this enzyme is unlikely to be res
ponsible, because increased red cell proto
porphyrin concentrations in sideroblastic 
anemia are not correlated with low ferro
chelatase activities [11,12]. With normal fer
rochelatase activity, and with plentiful iron 
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and protoporphyrin IX, iron is still not in
serted into the heme precursor. The likely 
explanation is that iron is not in the right 
chemical form. Iron deposits in sideroblas
tic mitochondria contain iron in the triva
lent ferric (Fe3+) state [13], while ferro
chelatase can only use ferrous iron (Fe2+) for 
heme synthesis [14].As Fe2+ is not stable un
der aerobic conditions, it is necessary for 
erythropoietic cells to have an enzyme sy
stem that can maintain a supply of Fe2+ as a 
substrate for ferrochelatase. About 20 years 
ago, reduction of Fe3+ was shown to be ac
complished by the respiratory chain as the 
source of reducing equivalents [15-23]. At 
complete inhibition of mitochondrial respi
ration, heme synthesis becomes negligible. 
However, it is not known to which part of the 
respiratory chain the reduction of ferric iron 
is linked. We proposed that in sideroblastic 
anemia, one or several of the enzyme com
plexes of the respiratory chain are disturbed 
in such a way that efficient reduction of iron 
no longer occurs [24]. Under these circum
stances, the imported iron cannot be utilized 
for heme synthesis and will accumulate in 
the mitochondrial matrix. The proposed 
malfunction could be due to mutations of 
nuclear DNA or mitochondrial DNA, be
cause both genomes contribute to the as
sembly of respiratory chain complexes. 

Our focus on mitochondrial DNA is part
ly explained by the precedent of Pearson's 
syndrome. However, there is another argu
ment in favour of concentrating on the 
mitochondrial genome. Mutations of 
mtDNA are very useful to explain a peculiar 
feature of AI SA, namely the heterogeneity in 
the degree of mitochondrial iron accumula
tion. Not all erythroblasts in AI SA are ring 
sideroblasts, and not all ring sideroblasts 
show the same degree of mitochondrial iron 
overload. This heterogeneity has also been 
demonstrated within single erythroid colo
nies cultured in vitro [25-27]. Whereas such 
intra clonal heterogeneity is hard to explain 
in terms of mutations involving nuclear ge
nes, mitochondrial DNA mutations could 
easily account for the phenomenon. Each 
cell contains hundreds of mitochondria and 
thousands of copies of the mitochondrial 
genome. Therefore, cells can harbour mixtu
res of mutant and normal mtDNAs (hetero-
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plasmy), and each time a heteroplasmic cell 
divides, the mutant and normal mtDNAs are 
randomly segregated into the daughter cells 
[1]. A heterogeneous population will arise, 
consisting of grossly abnormal cells with a 
high percentage of mutated mtDNA, normal 
appearing cells with a low proportion of mu
tated mtDNA, as well as a spectrum of inter
mediate cells. In each cell, the proportion of 
mutated mtDNA determines the expression 
of the pathological phenotype. This mecha
nism provides a rational basis to explain the 
heterogeneity of the sideroblastic pheno
type. 

Having excluded large deletions of 
mtDNA as a cause of AISA [28], we started 
looking for short deletions and point muta
tions. 

Materials and Methods 

DNA Isolation 

Total DNA was isolated from blood and bone 
marrow samples using the QIAamp Kit 
(Qiagen, Hilden, Germany), which is based 
on cell lysis in the presence of guanidine 
hydrochloride and subsequent binding of 
DNA to an anion-exchange resin in a spin
column. The procedure ensures extraction 
of mitochondrial DNA in addition to nucle
arDNA. 

MtDNA Amplification 

MtDNA was amplified in 17 overlapping 
segments using the polymerase chain reac
tion. The exact position of segments accor
ding to the standard Cambridge sequence 
[29] and the respective primer sequences 
have been published [30]. DNA was ampli
fied using 35 cycles of denaturation (1 min at 
94°C), annealing (30 s at 55-71°C, depend
ing on the pair of primers used), and exten
sion (60 s at 72 °C). The 100 fll PCR reactions 
contained 10 mM KCl, 20 mM Tris-HCl (pH 
8.8), 10 mM (NH4)2S0\ 4 mM MgS04' 400 
flM of each dNTP, 50 pmol of each primer, 
and 1 unit of Vent DNA polymerase (New 
England Biolabs, Dreieich, Germany). 
Double stranded PCR products were puri-



fied with a commercial DNA purification sy
stem (Wizard PCR Preps, Promega, Heidel
berg, Germany), separated in 1 % agarose 
gels and visualized by ethidium bromide 
staining. 

RFLP Analysis 

Each amplified mtDNA segment was enter
ed into 20 different restriction enzyme di
gestions using AluI, BamHI, CfoI, DdeI, Eco
RI, HaeII, HaeIII, HindI, HindIII, HinfI, 
HpaI, Msp I, PvuII, RsaI, Sad, Scal, Stul, Taq I, 
Tru91, and XbaL Endonucleases were 
purchased from Boehringer Mannheim, 
Germany. All restriction enzyme reactions 
were performed according to manufactu
rer's recommendations, using approximate
ly 100-200 ng ofPCR-generated DNA for di
gestion with 5 units of enzyme. Restriction 
fragments were separated by electrophore
sis in 3.5 % Visigel matrix (Stratagene, Hei
delberg, Germany) and visualized by ethidi
urn bromide staining and UV illumination. 

Heteroduplex Analysis by TGGE 

Point mutations in double-stranded DNA 
can be detected by denaturing-gradient gel 
electrophoresis (DGGE) [31] or temperatu
re-gradient gel electrophoresis (TGGE) [32, 
33] because mutations alter the denatura
tion pattern of double-stranded DNA at the 
site of the mutation and in its neighbour
hood. The sensitivity of TGGE analysis is 
greatly enhanced through heteroduplex ge
neration. During a denaturationlrenatura
tion cycle,hybrids are formed between wild
type DNA fragments and homologous frag
ments carrying the mutation. The mismatch 
in the double helix at the site of the mutation 
leads to significant lowering of the midpoint 
melting temperature of the heteroduplex 
fragments. When exposed to increasing 
temperatures during electrophoresis (the 
TGGE procedure), heteroduplex hybrids 
show partial denaturation earlier than ho
moduplexes do. Because early partial dena
turation causes early retardation in the gel, 
heteroduplexes can be resolved from homo
duplex molecules by TGGE. We carried out 

intraindividual heteroduplex analysis, i.e., 
TGGE was employed to examine whether 
heteroduplexes formed after PCR-amplifi
cation of a mtDNA fragment are of interest. 
This only happens when there is coexistence 
of wild-type and mutated mtDNA in the pa
tient's sample, which is also called hetero
plasmy. PCR was followed by quantitative 
denaturation of the PCR product (heating in 
4 M urea at 95°C for 5 min) and subsequent 
renaturation (incubation at 50 °c for 20 
min). Samples were then loaded onto thin 
polyacrylamide gels (5%) covalently bound 
to polyethylene gel support films. After elec
trophoresis, bands ofheteroduplex- and ho
moduplex-DNA were visualized by silver 
staining. TGGE equipment was purchased 
from Qiagen, Hilden, Germany. 

Sequencing 

For sequencing of the region of interest, 
mtDNA from bone marrow was amplified 
using modified primers designed to intro
duce appropriate restriction sites for liga
ting the fragment with T4 DNA-Ligase into 
the sequencing vector pUCl9 [34], which 
had been digested with the corresponding 
restriction enzymes. After transformation 
into E.coli strain DHaF', white colonies were 
selected on Luria broth (LB) medium con
taining 150 mg/l ampicillin and X-Gal [35]. 
Plasmid DNA from transformants was pre
pared using Tip20 columns (Qiagen, Hilden, 
Germany) and double-stranded DNA was 
sequenced with the Sequenase kit (USB, Cle
veland, Ohio), using 35S-dATP, according to 
the method of Sanger [36]. 

Cell Lineage-Involvement 

MtDNA was extracted from unfractionated 
bone marrow samples and from peripheral 
blood cells of different lineages. For isolati
on of Band T lymphocytes from EDTA anti
coagulated blood, immunomagnetic beads 
(Dynabeads M-450 Pan-B [CD19] and Dyn
abeads M -450 Pan -T [CD2 ], respectively) 
were used according to the recommendati
ons of the manufacturer (Dynal, Oslo, Nor
way). Buccal mucosa cells were pelleted from 
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a vigorous mouthwash performed with 20 
ml normal saline and depleted of contami
nating granulocytes by density gradient 
centrifugation with Nycoprep l.l50 (Nyco
med). Skin biopsies were obtained from pa
tients A. M and H. L, and fibroblast cultures 
were established by outgrowth from these 
biopsies according to a standard method 
[37]. Granulocytes were enriched by deple
tion of peripheral blood mononuclear cells 
through density gradient centrifugation 
with Lymphoprep 1.077 (Nycomed, Oslo, 
Norway). A 200 fll sample from the granu
locyte/erythrocyte pellet was used for DNA 
extraction. Erythrocytes do not contain 
mtDNA [38], because mitochondria are eli
minated during the reticulocyte stage [39]. 

Results 

As summarized in Table 1, mutations were 
found in mitochondrial tRNAs, in subunits 
of cytochrome c oxidase (complex IV of the 
respiratory chain), and in cytochrome b (re
dox center of complex III). At present, it is 
difficult to state the frequency of these mu
tations, because in many patients screening 
of the mitochondrial genome has not yet 

Table 1. 

Patient FABtype Gene 

K.A. RARS tRNA(Ala) 
R.Sch. RARS tRNA 
A.M. RARS tRNA(Leu) 

COXI 
H.L. RARS COXI 
H.W. RARS COXI 

COX II1tRNA(Lys) 
R.P. RARS COX III 
H.H. RARS Cytochrome b 
J.K. RARS Cytochrome b 
J.B. RARS Cytochrome b 

H.K. RA tRNA(Lys) 
E.HY. RAEB ATPase 8 
H.Ho. RAEB Cytochrome b 
B.Sm. RAEB Cytochrome b 
E.Sch. RAEB-T COX I 
E.H. CMML tRNA 
E.St. MDS/AML tRNA(Trp) 

tRNA(Lys) 
COX II 
Cytochrome b 
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been completed. The whole mitochondrial 
genome has been screened by RFLP and 
TGGE in 20 patients (including 12 patients 
with sideroblastic anemia), and 4 mutations 
were found in those cases. The other mutati
ons were identified in some 50 other patients 
whose mitochondrial DNA has been partial
ly analysed. Detection of mtDNA mutations 
is probably far from complete even in the 
group of 20 patients who where examined 
fairly thoroughly. High-density RFLP analy
sis, as performed, can detect 10-20% of mu
tations. TGGE analysis can reach a sensitivy 
of 95%, but this requires a high degree of 
optimization, which has not yet been 
achieved. 

Figures 2 and 3 show examples of TGGE 
heteroduplex findings which led to the de
tection and characterization of point muta
tions of mtDNA. The terms perpendicular 
and parallel refer the direction of the tempe
rature gradient relative to the direction of 
migration during electrophoresis. Parallel 
TGGE permits analysis of the same mtDNA 
region in several patients simultaneously. 
Suspicious findings in parallel TGGE should 
always be confirmed by perpendicular 
TGGE to rule out extra bands resulting from 
unspecific peR products. 

Nucleotide Nucleotide Amino acid 
position change change 

5631 G~A 

12301 G>A Anticodon loop 

6742 T>C ne~Thr 
6721 T>C Met> Thr 
8280 A>C 

14774 C>A Leu> Met 
14933 T>A Phe> Tyr 
14900 G>A Ala>Thr 

8344 A>G (MERRF) 
8472 C>T Pro> Leu 
14762 A>G Lys > Glu 
14877 A>G Gln>Arg 

5548 A>C 
8344 A>G (MERRF) 

14793 A>G His >Arg 



Fig. 2. Perpendicular 
TGGE. MtDNA frag
ment: nt 6504-6923; 5% 
polyacrylamide gel, sil
ver staining. The typi
cal heteroduplex pat
tern (two clearly sepa
rated heteroduplex 
bands on the left, two 
homo duplex bands not 
clearly separated on the 
right) indicates the pre
sence of two homolo
gous mtDNA species 
(wild-type and muta
ted), which after a cycle 
of denaturation and re
naturation produce hybrids differing in their melting behaviour. Cloning and DNA sequencing revealed a 
point mutation at nt 6742 (T > C), producing an amino acid change (isoleucin > threonin) in subunit I of 
cytochrome c oxidase 

Fig. 3. Parallel TGGE. Same 
mtDNA fragment as in Fig. 
2. After denaturation and 
renaturation, each PCR 
product was brought onto 
the gel in triplicate at time 
intervals of 15 minutes (la
nes a,b,c, respectively). 
Running time was too long 
for samples designated a 
and b , so that bands beca
me diffuse. Clear bands can 
be seen in lanes c. M, Dl, 
D2: Normal bands in the 
mother and two daughters 
of patient 1; Tand Mu nor

M 
a be 

01 
abc 

02 
abc 

T 
abc 

Mu 
abc 

P1 
abc 

P2 
abc 

Co 
abc 

mal bands in T-lymphocytes and buccal mucosa cells of patient 1; P 1 and P2heteroduplex bands in patient 1 
(H. W) and patient 2 (H. L.); Co normal bands in an additional control person 

In three patients (A. M., H. W., and H. L.) 
cell lineage involvement was analyzed. An 
example is given in Fig. 4. A consistent pat
tern emerged, with the mutations being pre
sent in bone marrow and whole blood sam
ples, in isolated platelets, and in granulo
cytes, but apparently being absent from r
and B-Iymphocytes purified by immuno
magnetic bead separation. The mutations 
were not detectable in buccal mucosa cells 
obtained by mouthwashes, and in cultured 
skin fibroblasts examined in two of the 
patients. This pattern of involvement 
suggests that the mtDNA mutations oc
curred in self-renewing bone marrow stem 
cells with myeloid determination (CFU
GEMM). 

The proportion of mutated mtDNA mole
cules in the bone marrow and in different cell 

lineages was determined by assessing the re
lative intensities of bands in electrophoresis 
gels with an electronic camera and analyzing 
data with suitable software (Enhanced analy
sis system, EASY plus, Herolab GmbH, Wies
loch, Germany). After correcting for molecu
lar weight, this analysis indicated that the 
proportion of mutated mtDNA in the sam
ples ranged between 40 and 60%. 

Discussion 

Pathogenetic Relevance 

The mutations that we detected fulfil the cri
teria that are generally applied to exclude 
non-pathogenic polymorphisms of mtDNA, 
namely 
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(i) the observed nucleotide changes were 
absent in unaffected individuals, 

(ii) they occurred in evolutionary conser
ved regions, and 

(iii) the mutations displayed heteroplasmy. 

When a mtDNA mutation arises, it creates 
an intracellular mixture of mutant and nor
mal mtDNA molecules called heteroplasmy. 
Heteroplasmy is considered an indicator for 
pathogenic mutations because it is typical of 
disorders of mtDNA but generally absent in 
normal individuals. 

Recently, we reported the first hetero
plasmic point mutation of mitochondrial 
tRNALeu(CUN) that we identified in the 
bone marrow cells of a patient with sidero
blastic anemia [30). However, mutations of 
mitochondrial tRNAs do not help to localize 
the crucial site of iron reduction and trans
port through the mitochondrial inner 
membrane, because mitochondrial tRNA 
mutations cause a general impairment of 
mitochondrial protein synthesis and can 
thus affect all respiratory chain complexes 
that possess components encoded by 
mtDNA. More informative in this respect 
are point mutations of genes coding sub
units of cytochrome c oxidase. Identifica
tion of two point mutations with very simi
lar location in COX I suggest that this en
zyme complex is strongly related to the 
pathogenesis of sideroblastic anemia. Cyto
chrome c oxidase (COX) is a good candidate 
for playing a major role in mitochondrial 
iron metabolism. A strong hint in this direc
tion comes from the "copper connection" 
[ 40), which refers to the close relation 
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M 0102 Fig. 4. Cell lineage involve
ment of the COX I muta
tion in patient H. W. Total 
DNA was extracted from 
different types of cells: Bm 
bone marrow; Bl peri
pheral blood; Pit platelets; 
G erythrocyte/granulocyte 
pellet; T T lymphocytes; B 
B lymphocytes; Mu buccal 
mucosa cells; lane 8 DNA 
size marker; M peripheral 
blood from the mother of 
patient 1; Dl and D2 peri
pheral blood from the first 
and second daughter of the 
patient 

between copper and iron in hematopoiesis, 
including the role of copper in mitochon
drial iron metabolism. COX is the only res
piratory chain complex that contains cop
per, namely CUAl and CUA2 in subunit II, and 
CUB in subunit I [41,42). Copper is an essen
tial part of the metal redox centres of this 
enzyme complex. Intriguingly, copper defi
ciency can cause sideroblastic anemia, with 
usually moderate numbers of ring side rob
lasts [9,43-48). Williams et al. [49) found 
that mitochondria isolated from copper-de
ficient animals were deficient in COX activ
ity and failed to synthesize heme from Fe3+ 

and protoporphyrin at the normal rate. The 
rate of heme synthesis correlated with the 
COX activity. Through experiments with 
respiratory chain inhibitors, these authors 
confirmed that an active and intact electron 
transport chain is required for the reduc
tion of Fe3+ on the inner mitochondrial 
membrane, and for a supply of Fe2+ as sub
strate for ferrochelatase. Williams et al. su§
gested that electrons may be donated to Fe + 

from cytochrome c oxidase. Because both 
COX I mutations that we identified are lo
cated in transmembrane helix no. VII in the 
immediate vicinity of the heme arCuB cen
tre [41), it is tempting to speculate that this 
metal redox centre is involved in supplying 
electrons to Fe3+. The copper connection 
has recently been strengthened by the find
ing that high-affinity transmembrane up
take of iron in Saccharomyces cerevisiae re
quires copper. This is explained by the in
volvement of a copper-containing oxidore
ductase, FEn, in iron uptake [50,51) . Yeast 
mutants defective in the fet3 gene are defi-



dent in high affinity Fe2+ transport, and 
copper depletion of wild-type S. cerevisiae 
also results in a selective reversible decrease 
in Fe2+ transporter activity. The FEn pro
tein exhibits extensive similarity to the fam
iliy of blue multicopper oxidoreductases, an 
enzyme superfamily that also includes mit
ochondrial cytochrome c oxidase. 

Mutations of cytochrome b probably dis
turb electron flow to cytochrome c oxidase 
and may thus also compromise iron reduc
tion. In addition, those mtDNA mutations 
leading to significant impairment of respira
tory chain function may decrease energy
dependent uptake of iron into mitochon
dria. This may be a key mechanism of im
paired heme synthesis in refractory anemia 
without ring sideroblasts. In general, be
cause heme synthesis strongly depends on 
the proper functioning of mitochondria, 
erythropoiesis can be expected to be parti
cularly vulnerable to the effects of mtDNA 
mutations. This would explain why dys
erythropoiesis and anemia are virtually al
ways present in MDS patients, whereas 
dysgranulocytopoiesis and dysmega
karyocytopoiesis are often less prominent. 

Why Are mtDNA Mutations Early Events in the 
Pathogenesis of MDS? 

Figure 5 is to illustrate that a transformed 
stem cell will soon establish a pool of clono
genic cells which maintain the pathological 
clone. To be of any relevance at all, mtDNA 
mutations must arise in one of these cells 
with a high capacity for self renewal. Cells 
lower down in the hierarchy will die sooner 
or later, thereby eliminating the mutations 
they may incur. If a mtDNA mutation oc
curred as a secondary event in one of the cells 
of the clonogenic pool (Fig. 5A), this muta
tion would be confined to a small sub clone, 
which would probably not be detectable with 
our methods. It is very unlikely that this sub
clone would become dominant, because it 
has been shown in cell culture experiments 
that mtDNA mutations confer a growth dis
advantage rather than a growth advantage to 
proliferating cells [52-54]. Confinement of a 
mtDNA mutation to a subclone, however, is 
incompatible with our findings. We are find-

ing mutations that affect up to 60% of all 
mtDNA molecules in the bone marrow. This 
is obviously too much to be derived from a 
small subclone. Therefore, it is very unlikely 
that these mutations occurred as a secondary 
events during the course of the disease. 

Much more likely is the following scena
rio (Fig. 5B): We propose that the mtDNA 
mutations that we identified were already 
present in a bone marrow stem cell before 
that stem cell became transformed. In that 
case, the random segregation of mitochon
dria during mitosis would result in some 
cells with a relatively high percentage and 
other cells with a relatively low proportion 
of mutated mtDNA, which would explain a 
lot of the intraclonal heterogeneity that can 
be observed in sideroblastic anemia and 
other types of MDS. When a stem cell 
carrying a mtDNA mutation acquires a 
growth advantage through clonal trans
formation, it is not hard to explain how the 
mtDNA mutation can spread in the bone 
marrow to reach a proportion of more than 
50%. Clonal transformation is of course a 
matter of nuclear DNA. Accordingly, there 
is no conflict whatsoever between the 
mtDNA mutations that we found and the 
mutations of nuclear DNA, such as ras gene 
mutations, that occur in myelodysplastic 
syndromes. 

How Do mtDNA Mutations Fit into the Whole Picture 
of MDS Pathogenesis? 

With increasing age, hematopoietic stem 
cells probably accumulate mtDNA mutati
ons, just as muscle or nerve cells do [54]. 
Some of the affected stem cells will not be 
able to cope with their mitochondrial dam
age and die, probably by apoptosis. This may 
contribute to the age-related shrinking of 
the bone marrow reserve. Other stem cells 
harbouring mtDNA mutations will produce 
progeny, which may show functional altera
tions or even morphological changes. How
ever, this is not MDS because the bone mar
row is not clonal. Only if a stem cell with mu
tated mtDNA becomes transformed by a 
nuclear gene mutation, a clonal bone mar
row will be established and the clinical pic
ture of MDS can arise. It is certainly temp-
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ting to speculate that mtDNA mutations and 
mitochondrial dysfunction may not only 
contribute to the phenotype of the patholo
gical clone, but may also contribute to gene
tic instability, thereby precipitating the 
transforming event as well as further nucle
ar gene mutations that characterize the path 
of clonal evolution towards leukemia. 
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Abstract Forty-three patients with myelod
ysplastic syndromes (MDS) were treated 
with a combination of pentoxifylline and 
ciprofloxacin (PC) with the addition of dex
amethasone (PCD) in 18 patients who failed 
to respond to Pc. There were 15 females and 
28 males, and the median age was 67 years. A 
total of 18 patients either showed a hemato
poietic improvement, a partial or complete 
cytogenetic response or a combination of 
both for an overall response rate of 42%. 
Seven PC only patients responded, four 
showing hematologic improvement, two cy
togenetic responses and one patient show
ing a combined response. This 16% response 
rate to PC was increased to 61 % by the addi
tion of dexamethasone with 11118 patients 
showing a response. Four of the 7 patients 
who responded initially to PC were given 
dexamethasone after at least 12 weeks of PC 
therapy, and only 1 showed a further im
provement in response. Thus, we conclude 
that the combination ofPCD provides an en
couraging novel approach to treating MDS. 
The mechanism of action is probably related 
to the suppression of a veriety of cytokines 
which in turn attenuate the excessive intra
medullary apoptotic death of hematopoetic 
cells in MDS, an observation which has been 
speculated to be the basis of the paradox of 
variable cytopenias despite cellular mar-

rows in MDS. Larger numbers of patients 
need to be treated and followed for longer 
periods to determine the true efficacy of this 
therapy, especially the nature and duration 
of the cytogenetic responses. 

Introduction 

Hematologists regularly have to deal with 
patients suffering from myelodysplastic 
syndromes (MDS), a frustrating experience 
since therapeutic options for these unfortu
nate individuals are not only limited but also 
confusing, as they range from non-interven
tional approaches such as supportive care 
only to the aggressive use of bone marrow 
transplantation with its prohibitive risks [1, 
2]. Furthermore, recent advances in the 
treatment of a number of hematopoetic dis
orders resulting from the introduction of 
growth factors combined with better uses of 
chemotherapies have not universally and/or 
consistently been applicable to MDS. The in
cidence of MDS appears to be on the rise not 
only because people are living longer and 
MDS is a disease of the elderly but also be
cause of an increase in the incidence of MDS 
secondary to treatment for a prior malig
nancy [3]. New modalities for therapy are 
rather urgently needed. Novel insights into 
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3 LaPorte Cancer Treatment Center, LaPorte, Indiana 
4 Northwest Community Hospital, Arlington Heights, Illinois 
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6 Lake Forest Hospital, Deerfield, Illinois 

42 



the biology of MDS have opened up at least 
one such area of therapeutic research which 
originated with the idea of suppressing a va
riety of cytokines believed to be operational 
behind the variable cytopenias frequently 
encountered in these syndromes and is 
therefore referred to as "anti-cytokine thera
py." 

Although MDS are clearly stem cell disor
ders marked by the presence of monoclonal 
hemopoiesis [4-7], the genesis of the clinical 
syndrome may have an additional compo
nent of cytokine mediated excessive apopto
sis [8]. Our studies to address the paradox of 
cytopenias despite generally cellular mar
rows demonstrated the presence of large 
numbers of erythroid, myeloid and megakar
yocytic cells actively engaged in DNA synthe
sis [9]. Unfortunately, this high rate of prolife
ration was often matched by an excessive ap
optotic index [9]. We hypothesized that both 
the increased proliferation and apoptosis 
may be the result of dual acting cytokines 
which stimulate early CD34+ progenitors to 
divide while inducing a programmed cell 
death in their maturing CD34- progeny [10]. 
Indeed, high levels of tumor necrosis factor 
alpha (TNF-a) [11], transforming growth 
factor beta (TGT-I3) [11], and interleukin-1 
beta (ILl-I3) [12] have been demonstrated in 
a substantial number of MDS patients. If this 
new paradigm was correct, then suppression 
of these cytokines should yield dual benefits 
in that decrease in apoptosis should be ac
companied by amelioration of cytopenias 
while reduction in stimulation of the trans
formed progenitors should allow some nor
mal stem cells to be recruited back in cycle. 

The ideal anti-cytokine approach would 
be to use a specific inhibitor for the factor 
identified as playing the predominant patho
genic role in individual patients such as an 
anti-TNF antibody, however, the pathology 
may be the result of a cascade of cytokines. 
An approach which could neutralize a varie
ty of cytokines would be preferable. Fortu
nately, several of these proteins use the phos
phatidic acid --7 diacylglycerol pathway and 
interruption of this step should theoretically 
attenuate their action simultaneously [13]. 
We chose to use pentoxifylline (PTX), a xan
thine derivative which interferes with the lip
id signalling pathway of several cytokines in-

cluding TNF-a, TGF-13 and ILl-13 [14, 15]. 
Ciprofloxacin (Cipro) was given concomi
tantly to reduce the hepatic degradation of 
PTX by the P450 reductase system. After at 
least 12 weeks of this therapy, dexametha
sone (decadron) was added off protocol to 
the regimen of 18 patients (PCD therapy). We 
found that 18/43 patients had either a hemat-
0poietic, cytogenetic or a combined re
sponse. Among the 18 responders, 7 patients 
showed a response after PC therapy only 
while 11 responded only after the addition of 
dexamethasone. This chapter summarizes 
the clinical characteristics and response to 
therapy in these 43 MDS patients. 

Materials and Methods 

Forty-three patients with a confirmed diag
nosis of MDS are the subject of this report. 
Of these, 13 patients were studied on proto
col MDS 90-02 and 30 cases were treated on 
protocol MDS 95-01. Every patient received 
an infusion oflodo- and/or bromodeoxyuri
dine (IUdR, BrdU) on MDS 90-02 for cell cy
cle studies prior to starting therapy. In
formed consent for these studies was ob
tained in every case. 

Clinical Studies: The first 13 patients were 
studied for biological characteristics on pro
tocol MDS 90-02 and then started on PTX 
800 mg tid po and Cipro 400 mg po bid. After 
completing at least 12 weeks of this therapy, 
dexamethasone 4 mg po q a.m. was added. 
The therapy had to be interrupted for the 
majority of cases receiving the dexametha
sone eventually because of the long term 
side effects of steroids. The next 30 patients 
were treated on protocol MDS 95-01. On this 
protocol, PTX was given at a dose of 400 mg 
po tid for one week and then increased to 
800 mg po tid. Cipro was started at 500 mg 
po bid from the third week on. Once again, at 
least 12 weeks of PTX + Cipro were given to 
all 30 patients. Dexamethasone was then 
added at a dose of 4.0 mg po q a.m. Of the 43 
patients being reported here, 18 received the 
PCD therapy while 21 patients only received 
PTX + Cipro. Four patients who responded 
to PC were also given dexamethasone so that 
eventually a total of 22 MDS patients re-
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ceived PCD. The therapy was well tolerated 
generally. Side effects of PTX included 
heart-burn and dyspepsia if taken on an 
empty stomach and occasional nausea and 
early satiety. With time, the symptoms de
creased in the majority of patients, although 
the dose had to be decreased to 400 mg po tid 
in a few cases. There was one case of severe 
tendinitis observed as a Cipro side-effect. 
Dexamethasone, on the other hand, was as
sociated with increased blood sugar levels, 
anxiety, hyperactivity, euphoria, weight gain 
and ultimately proximal muscle weakness. 

Response Criteria. Restoration of normal he
matopoiesis with normal PB counts was de
fined as complete remission (CR). Partial re
missions (PR) were defined as a sustained 
improvement in one of the following para
meters: 
1. Decrease in monthly PRBC transfusion 

by 50%. 
2. Increase in hemoglobin by 2 g m/dl over 

pre-treatment value was considered a 
good response (GR) while increase by 1 
g/dl was considered a partial response 
(PR) and anything less as no response 
(NR). 

3. Increase in platelet count by> 30 OOO/, .. Ll 
above pre-treatment value if pre-treat
ment count was < 100 000/1-11. 

4. Increase in granulocyte count by 500/1-11 
over pre-treatment value if pre-treatment 
value was < 3500/1-11. 

5. Sustained decrease in blasts in the BM by 
50%. 

6. Disappearance of one or more cytogenet
ic abnormalities. 

Cytogenetic Studies. Standard karyotypic 
analysis using GTG banding was performed 
on every case prior to starting PCD therapy. 

Statistical Section. Mann-Whitney tests were 
used for two sample comparisons of contin
uous variables. Contigency tables with chi 
square statistics or Fisher's exact test were 
used for analysis. 
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Results 

Of the 43 patients with myelodysplastic syn
dromes being reported here, 27 were found 
to have refractory anemia (RA) according to 
the French-American-British (FAB) classifi
cation [16],5 had RA with ringed siderob
lasts (RARS), 8 had RA with excess blasts 
(RAEB) 1 had RAEB in transformation 
(RAEB-t) and 2 had chronic myelomonocyt
ic leukemia (CMMoL). There were 15 fe
males and 28 males. The median age was 67 
years. Thirty had de novo myelodysplasia 
and 8 had documented secondary MDS. In 
addition, 20 patients gave a history of some 
form of toxic exposure. Once again, it must 
be noted that all patients received at least 12 
weeks of therapy with just PTX and Cipro 
while dexamethasone was added after vari
able intervals to the treatment regimen of 18 
patients. Among the 43 patients reported, 18 
showed responses which were either hemat
opoietic, cytogenetic or both. 

Hematologic and/or Cytogenetic Responses 

There were no complete responders to either 
PC or PCD. Table 1 details the clinical and 
hematologic characteristics of the 18 pa
tients who responded to the therapy. The 
median time to response for the entire group 
was 10 weeks, being 20 for PC and 9 for the 
PCD group. There were 16 males and 2 fe
males among the responders and the me
dian age of responders was 66 years. There 
were 10127 RA, 115 RARS, 5/8 RAEB, 111 
RAEB-t and 112 CMMoL patients among the 
18 responders. Thus, 34% (11132) of the RA 
+ RARS patients responded while among 
the RAEB + RAEB-t groups 67% (6/9) re
sponded. The responses were noted in 7 pa
tients as they were receiving PTX + Cipro 
only (or 16% of the total patients who re
ceived PTX + Cipro) and in 11 after the addi
tion of the dexamethasone (Table 1, last two 
columns identify these cases). Of the seven 
patients responding to PTX + Cipro only, 
there were four hematologic responses, two 
cytogenetic responses and one combined 
hematopoietic + cytogenetic response. 
Interestingly, three of the patients respond
ing to PC did not receive dexamethasone, 



Table 1. Clinical and hematologic characteristics of patients who responded to PCD therapy 

Patient Age Sex FAB Original CBC Response in Median Response Dexamethasone 
duration of to PC only added/response 

no. WBC Pit Hb WBC Pit Hb response' 

174/95 53 M RAEB 2.70 70.00 6.10 Y 
163/95 60 M RAEB-t 1.70 33.00 10.00 Y 
388/95 61 M RARS 2.70 112.00 11.00 Y 
164/95 48 M RA 4.00 39.00 8.20 NA 
329/94 77 F RA 4.50 280.00 10.60 NA 
331/95 73 M RA 2.50 54.00 9.20 Y 
149/95 48 M CMMol 25.00 210.00 7.80 NA 
86/94 72 F RA 2.00 60.00 10.90 Y 
63/95 62 M RAEB 0.60 25.00 8.50 Y 
218/94 76 M RAEB 3.50 22.00 10.20 N 
192/94 68 M RAEB 3.20 78.00 8.60 Y 
213/94 63 M RA 3.50 130.00 9.90 N 
277/95 26 M RA 2.60 14.00 12.30 Y 
429/95 65 M RAEB 1.60 160.00 8.90 Y 
441/95 69 M RA 3.00 208.00 8.50 Y 
262/95 82 M RA 4.60 59.00 12.40 NA 
376/95 85 M RA 3.20 99.00 10.60 
292/94 67 M RA 3.20 95.00 9.00 

a Median duration of response is in weeks. 

and of the four in whom it was added after at 
least 12 weeks of therapy, three did not show 
any further response while one patient 
showed further improvement. The median 
time to respond in this group of patients was 
10 weeks, the range being 10 to 34 weeks. 

Of the 11 patients who responded only af
ter the addition of dexamethasone, 8 showed 
only a hematologic response and 3 a combi
nation of cytogenetic and hematologic im
provement (Table O. The hematologic re
sponses were in trilineage cytopenias in 2 
patients, bilineage cytopenias in 3 and single 
lineage cytopenia in 6 patients (Table 1). The 
median time to response in PCD-treated pa
tients was 9 weeks, the earliest response be
ing noted at 5 weeks and the longest at 11 
weeks. Among the 18 responders, irrespec
tive of whether they received PC or PCD 
therapy, three patients had trilineage re
sponses,5 bilineage, 4 in monolineage with 2 
having cytogenetic responses without a he
matopoietic response. Among the remaining 
4 patients, 1 had anemia as the only abnor
mality in the blood which improved by 
greater than 2 g/dl of Hb (PT # 149/95, Table 
1). The other three patients had bilineage cy
topenias and one showed improvement in 
both while the other two observed improve
ment in a single lineage only. 

Y 
Y 

Y N 5 No Yes/Yes 
Y Gr 9 Yes Yes/No 

NA PR 8 Yes No 
Y GR 10 No Yes/Yes 

NA NA 26 Yes Yes/No 
Y GR 12 No Yes/Yes 

NA GR 10 No Yes/Yes 
Y N 34 Yes Yes/Yes 
N N 8 No Yes/Yes 
Y N 8 No Yes/Yes 
Y PR No Yes/Yes 
N N 28 Yes Yes/No 
N PR 8 No Yes/Yes 

NA N 8 Yes No 
NA N 11 No Yes/Yes 
Y PR 20 Yes No 
N N 12 No Yes/Yes 
N N No Yes/Yes 

Among 16 hematologic responders, there 
were 15 patients who had anemia and 8/15 
had an improvement in the hemoglobin lev
els,4/8 showing an increase above 1.0 g/dl 
and 4/8 showing an increase of 2 g/dl. Four
teen patients had a WBC lower than 3500/[.11 
and 12/14 showed an improvement of great
er than 500/[.11 maybe reflecting a direct de
margination effect of dexamethasone. Of the 
two patients whose WBC did not improve, 
one received only PTX + Cipro and one re
ceived PCD. Finally, 13 patients in this re
sponding group had thrombocytopenia 
prior to starting therapy and 8/13 showed an 
increase of at least 30000/[.11 platelet count 
and it is of note that 3/8 responding patients 
received only PTX + Cipro while 5/8 re
ceived the dexamethasone also. Once again, 
there were no complete responders to either 
PTC + Cipro or PCD therapy. 

Cytogenetic Response. GTG banding revealed 
normal pre-therapy karyotype in 22 patients 
while 21 had evidence of abnormalities. 
Among these 21 patients, 3 had trisomy 8, 6 
had del 20q, 5 had abnormalities of chromo
somes 5 and/or 7 while 7 patients had + IS, + 
13, + 19,inv 16, t (2; 11), t (11) and add (9) ab
normalities. Table 2 shows the cytogenetic 
characteristics of the 18 patients who re-
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sponded to therapy. Of these, 8 had normal 
karyotypes and 10 showed cytogenetic ab
normalities, 4 having del 20 (q), 1 del (5) (q22 
q35) 1 der (7) t (1; 7), 1 add (9), 1 + 19,2 + 8 
and 1 isochroniosome 17 (Table 2). Six pa
tients showed changes that could be consid
ered as partial or complete cytogenetic re
sponses. The median time for a cytogenetic 
response was 30 weeks, the range being from 
as little as 10 weeks to approximately a year 
(50 weeks) of therapy. Table 3 provides the de
tailed serial cytogenetic analyses on these in
dividuals. Interestingly, the cytogenetic re
sponses were not universally associated with 
a hematopoietic response. Most significantly, 
patient # 2l3/94 showed total disappearance 
of the del (20) (q 11 q l3) clone following PTX 
+ Cipro therapy alone and has had the cytog
enetics repeated 10 times on his BM in the last 
2-1/2 years without reappearance of this 
clone, yet he did not have a significant hemat-
010gic response. Following the addition of 
dexamethasone, he continued with the same 
anemia as before. Patient # 86/94 showed dis
appearance of trisomy 8 confirmed by FISH 
analysis again while on PTX + Cipro therapy 
alone, without a hematologic response. The 
addition of dexamethasone in her case result
ed in a hematologic response in the platelet 
(an increase from 10 000 to 140000) and 
WBC counts but the patient continued to re
quiure blood transfusions. Patient # 329/94 

showed disappearance of trisomy 8 but per
sistence of del (5) (q22 q35). Patient # 164/95 
only showed disappearance of one clone (der 
(14) t (1; 14) (q11; p11)) while der (7) t (1; 7) 
( q 11; q 11) clone persisted in his BM through
out. Finally, patient # 218/94 had decrease of 
del (20) (q11;ql3) clone. When treatment was 
temporarily interrupted, the clone reap
peared in all metaphases examined. Treat
ment was restarted and the next BM showed a 
completely normal karyotype. Once again, 
treatment was halted due to dexamethasone 
side effects. The clone reappeared in all meta
phases examined and persisted till the time of 
death from an intracranial hemorrhage. Pa
tient # 149/95 had CMMoL and had a good 
hematologic response with Hb increasing 
from 8 to 12 g/dl and disappearance of add (9) 
(p22). Thus, six patients showed variable cy
togenetic responses none of which were ac
companied by a "complete" hematologic re
sponse. Of the six responders, three showed 
cytogenetic responses after therapy with PTX 
+ Cipro alone while the other three respond
ed after the addition of dexamethasone. 

Summary of Hematologic + Cytogenetic Responses 

In summary, 18/43 patients responded to this 
anti-cytokine treatment. A total of 7 patients 
out of 43 evaluable individuals responded to 

Table 2. Cytogenetic characteristics of patients who responded to PCD therapy 

Patient 
no. 

174/95 
163/95 
388/95 
164/95 
329194 
331195 
149195 
86194 
63/95 
218/94 
192194 
213/94 
277195 
429195 
441195 
262/95 
376/95 
292/94 

46 

Karyotype 

46XY, il17q)(17)47, idem, + 13(2)/46XY(l) 
46XY 
46XY 
46XY,der(7)t(1;7)(q11;q11)(9)/46XYder(14)t(1;14)(q11;p11) 
46XY(2)/46XXdel(5)(q22q35)(6)/47XX,+8(2) 
46XY 
46XY,add(9)(p22)(9),46XY(12) 
46XX(33)/47XX+8(4) 
46XY 
46XYdel(20)( q 11;q 13)( 19)/46XY(l) 
46XY 
46X,-Y(5)/46XYdel(20)(q 11;q13)(6)/46XY(14) 
46XdelY( q 12),der(15)t( 11; 15)( q 13;pll ),de120( q II;q 13) 
46XY 
46XY 
46XY,del(20)(qll;q 13) 
47XY,+ 19(10)/46XY(1O) 
46XY 

Cytogenetic 
response 

No 
No 
No 
Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 



Table 3. Serial cytogenetic studies on MDS patients responding to peD therapy 

Patient no. 164-95 
DayO: 
Week 4: 
Week 10: 
Week 14: 

Patient no. 329-94 
Day 0: 
Week 10: 
Week 26: 

Patient no. 149-95 
DayO: 
Week 16: 
Week 20: 
Week 32: 

Patient no. S6-94 
DayO: 
Week 16: 
Week2S: 
Week 34: 
Week 42: 
Week 54: 
Week 60: 

Patient no. 21S-94 
DayO: 
WeekS: 
Week 16: 
Week2S: 
Week 30: 
Week 50: 

Patient no. 213-94 
DAy 0: 
WeekS: 
Week2S: 
Week 36: 
Week 40: 
Week 44: 
Week4S: 
Week 52: 
Week 60: 
Week 68: 
Week 76: 
Week 112: 

46,XY, der(7)t(1;7)( q 11;q 11)[ 19]/46,XY, (14) t (?l;14) (?q 11;p 1l)/46,XY[9] 
46,XY,der(7)t(1;7)(q 11;q11)[ 10]/46,XY,der( 14)t(1;14)(q 11;p11)[3]/46,XY[7] 
46,XY,der(7)t( 1;7)(q 11;q 11) [6]/46,XY[ 14] 
46,XY,der(7)t( 1 ;7) (p 11) [5]/46,XY[ 15] 

46XX, [2]/46XX,del(5) (q22q35) [6]/47 ,XX,+S [2] 
46,XX[2] ,46XX,del(5)( q22q35) [17]/47,XX,+S [1] 
46,XX,del(5)(q22q35) 

46, XY, add (9) (p22) [9] 1 46,XY [12] 
46,XY,add (9) (p22) [10] 1 46,XY [10] 
46, XY, add (9) (p22) [7] 1 46,XY [13] 
46,XY 

46,XX 
46,XX [33] 1 47,XX,+S [4] 
46,XX [IS] 1 47,XX,+S [4] 
46,XX 
46,XX 
46,XX 
46,XX 

46,XY 
46,XY,del(20)(qllq13) [19] 1 46,XY [1] 
46,XY,del(20) (qllq13) [19] 1 46,XY [2] 
46,XY, del(20)(qll;q13) [12] 1 46,XY [S] 
46, XY, del(20) (qll;q13) 
46,XY 

45,X,-Y [5] 1 46,XY,del(20) (qll;q13) [6] 1 46,XY [14] 
46,XY [7] 146, del(20) (q11;q13) [10] 1 45,X, -Y [3] 
46,XY 
46,XY 
46,XY 
46,XY [39] 1 45,X,-Y [1] 
46,XY 
46,XY 
46,XY 
46,XY 
46,XY 
46,XY 

PC only for a response rate of 16% and only 1 
patient showed further improvement after 
dexamethasone amongst the 4 in whom it 
was eventually added. Of the 18 patients who 
received the PCD therapy, 11 had some type 
of a response for a response rate of 61 %. Yet, 
there were no complete responders so that 
even in the patients showing combined he
matologic and cytogenetic responses, some 
abnormality continued to persist. A prime 
example is patient # 329/94 (Table 1) who was 
treated with PTX + Cipro despite a relatively 
normal CBC to obtain a cytogenetic re
sponse. Interestingly, +8 disappeared from 

her marrow, but the del (5q) abnormality 
persisted. Thus the patient could not be con
sidered a CR. Similarly, patient # 86/94 re
sponded cytogenetically with disappearance 
of + 8 and improvement in WBC and platelet 
counts, but anemia persisted throughout 
therapy requiring transfusion support. In 
summary, 7 MDS patients responded to PC, 
11 to peD therapy and 1 patient initially re
sponded to PC and improved further follow
ing the addition of dexamethasone. 
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Discussion 

A novel anti-cytokine approach to treating 
myelodysplastic syndromes is described in 
this chapter. The therapy is unique in that it 
is neither cytotoxic [17] nor growth factor 
[18] based. Rather, an attempt is made to 
interfere with the lipid signalling pathway 
used by a variety of cytokines including 
TNF-u, TGF-[3 and 111-[3. The hypothesis is 
that one or more of these cytokines may 
contribute towards both the genesis ofvari
able cytopenias in MDS by inducing apop
totic death in maturing cells as well as hy
percellularity of the bone marrow by stimu
lating the proliferation of early progenitors. 
Suppression of the cytokine production 
should therefore result in a dual benefit as 
well. The present study confirmed several 
hypotheses. First, our hypothesis that exces
sive cell-death in MDS may be cytokine me
diated was confirmed in vivo by the present 
study since suppression of the cytokine 
production with PCD therapy resulted in a 
reduction in apoptosis and a consequent 
amelioration of cytopenias in approximate
ly 60% of the patients who received the 
three drugs. Second, our hypothesis that cy
tokine stimulation contributes of the pro
liferative advantage of the MDS clone in 
some patients was confirmed because dis
appearance of cytogenetically marked 
clones was seen in six cases of MDS follow
ing PC or PCD therapy. These results are 
quite impressive for several reasons. To start 
with, there were patients who showed either 
a hematologic improvement or a cytogenet
ic response or a combination of both when 
treated with PC only, therefore the respons
es cannot be ascribed only to the dexameth
asone effect. Secondly, treatment of MDS 
patients in the past with steroids has pro
duced rather low response rates, the best be
ing in the range of 10% [19]. In addition, a 
previous study using PC therapy in MDS 
[20] did not show any clinical benefits for 
the patients probably because therapy was 
stopped at 28 days while our responders to 
PC show that longer treatment is needed. 
Clearly however, the higher response rates 
were observed in PCD-treated individuals 
establishing a synergistic effect of the drugs 
in vivo. This is not surprising since it has 
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previously been shown that the combina
tion of PTX + dexamethasone in vitro has a 
similar synergy [21] and in fact we added 
the dexamethasone to the PC regimen be
cause of that observation. While PTX down
regulates the transcription of TNF mRNA, 
dexamethasone suppresses the translation 
of any remaining message into the protein 
form [21]. Finally, the cytogenetic responses 
are of particular interest because this pro
vides direct in vivo proof that at least some 
of the evolving MDS clones are cytokine
dependent. Such responses have not been 
commonly observed with growth factor 
therapies at least [22,23]. 

As noted earlier, a variety of clinical re
sponses were observed following therapy 
with this approach. While improvement of 
the hematologic profile was noted in the ma
jority of responders, some patients only had 
a single lineage response while others had a 
cytogenetic response without a hematologic 
response and still others had both. What this 
suggest is that the therapy is having different 
biological effects in different patients. Does 
this mean that in some patients, cytokines 
are involved in the pathogenesis of the he
matologic abnormalities while in others 
they are not? or is that cytokines are in
volved which are unaffected by the therapy 
we administered? A similar case can be 
made for the cytogenetic responses. For ex
ample, are these responses different because 
in some patients, the cytokines involved in 
the proliferative advantage of the BM pre
cursor cells are suppressed by the treatment 
while in other patients, the cytokines are dif
ferent than those affected by therapy? Alter
natively, is it possible that in some MDS pa
tients, cytokines do not playa role in confer
ring the growth advantage on the affected 
precursor, but the cells are autonomously 
proliferating? Does the anti-cytokine thera
py we used affect the production of cyto
kines by the BM microenvironment differ
ently from that produced by the MDS cells? 
We believe that these questions have allowed 
us to build a rather unique therapeutic pro
gram, unique especially in terms of using 
clinical response as a way of dissecting out 
different mechanisms underlying the differ
ences in the manifestations of the disease 
among individual MDS patients. In sum-



mary, non-responsiveness to anti-cytokine 
therapy could be the result of: 
1. Incomplete effect for pharmacokinetic 

reasons. 
2. Involvement of cytokines other than 

those signaling through the phosphatidic 
acid ~ diacylglycerol pathway which is 
inhibited by PCD. 

3. Predominance of stem cell defect without 
the confounding influence of cytokines. 

4. Inadequate treatment duration. 

Several other features of this pilot study are 
of note. Firstly, despite cytogenetic respons
es, there were no complete hematologic re
sponders. Secondly, the side effects of long
term decadron were usually prohibitive so 
that proximal muscle weakness universally 
made the administration impossible beyond 
a few months and cessation of therapy was 
accompanied by a cessation in response as 
well. Finally, there was no increased inci
dence of transformation to acute myeloid 
leukemia which laid to rest the legitimate 
but as it turned out, only a theoretical con
cern that suppression of apoptosis may lead 
to an accumulation of blasts. 

It appears that in a large proportion of the 
MDS patients, aberrant cytokine production 
may be responsible for the genesis of cyto
penias. Anti-cytokine therapy seems to im
prove the cytopenias in these patients; how
ever, since there were no complete remis
sions, it is clear that this therapy is probably 
not adequate by itself. By using PCD therapy, 
we are probably reversing only the cytokine
mediated part of the disease, leaving the 
stem cell defect part to be treated still. Given 
this scenario, a step-wise approach to thera
py for the myelodysplastic syndromes can 
be visualized: 
1. Optimize the anti-cytokine therapy and 
obtain the maximum improvement in cyto
penias possible. This pilot study of anti-cy
tokine drugs employing PCD has been ex
tremely useful for several reasons. Clearly, 
this approach is feasible in a certain group of 
MDS patients. Unfortunately, the drugs 
available to achieve an adequate suppression 
of cytokine levels are not the best. It has been 
shown that the first metabolite of PTX, liso
phylline is 800 times more effective than 
PTX in suppressing the actions of a variety 

of cytokines [24). Perhaps, the responses 
would be far better iflisophylline was substi
tuted for PTX. On the other hand, a mono
clonal anti-TNF antibody which has been 
shown to suppress TNF-a levels quite well 
[25) may be the best approach at least for 
cases where the predominant negative cyto
kine is TNF-a. Maybe PCD should be com
bined with other agents of proved efficacy in 
some MDS patients, agents such as amifos
tine [26), cyclosporin [27) or 5-azacytidine 
[28). 
2. Once the peripheral blood counts normal
ize, consider addressing the stem cell defect 
using one of the following approaches: 
a) Cyclical therapy with low dose cytokine 
arabinoside (araC) and/or a growth factor 
alternating with PCD therapy. Perhaps 
growth factors such as G-CSF and erythro
poietin would be far more effective once the 
negative cytokine effects have been neutral
ized be PCD therapy. 
b) Treatment with high dose chemotherapy 
alternating with PCD. This would be clearly 
much better tolerated when the PB counts 
are relatively normal as compared to when 
chemotherapy is administered to MDS pa
tients with profound cytopenias. The situa
tion would be analogous to using induction 
chemotherapy for AML with severe side ef
fects as opposed to using the same drugs for 
consolidation with much fewer side effects 
due to the presence of a relatively more nor
mal hemopoiesis in general. 
c) Attempts could be made at this point to 
mobilize peripheral blood stem cells which 
could be harvested and stored for future use 
following chemotherapy and achievement 
of a complete hematologic and cytogenetic 
remission as well as polyclonal hemopoiesis 
wherever demonstrable. 

Another possibility of improving thera
peutic options for MDS patients is to employ 
a completely different strategy for suppress
ing excessive cell death. There may be many 
triggers responsible for this premature cell 
death including cytokines such as TNF-a, 
TGF-f3,ILl-f3 or other as yet unidentified cy
tokines, the propensity of the transformed 
cell itself to undergo apoptosis or a combi
nation of the above. However, if some or all 
the triggers initiate apoptosis via a common 
biochemical route, then the identification of 
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this common pathway becomes critical be
cause it may serve as an excellent therapeu
tic target. We are presently trying to under
stand the biochemical pathways initiated cy
tokines such as TNF-a and several cysteine 
proteases have been found to be abnormally 
activated in at least a few MDS patients. Ulti
mately, specific protease inhibitors to sup
press this common pathway may be a useful 
therapeutic choice in some MDS patients ir
respective of the precise triggering mecha
nism. These areas are being investigated ac
tively by our group presently. 
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Expression of Differentiation Antigens on Blast Cells 
of Acute Myelogenous Leukemia (AML, MO-M6) 
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Abstract. Forty one patients with AML (MOl 
4patients,M1 l 5,M2l 7,M41 S,M5al 16,and 
M61 one patient) have been studied. Cyto
chemical reactions (MPO, CAE, AcP, ANAE, 
NE, PAS) and immunological detection of 
antigens expression (indirect immunope
roxidase, APAAP methods and, in some 
cases, flow cytometry) were performed. The 
definition of typical phenotypical pattern 
for discrete FAB-variants AML was carried 
out. Significant heterogeneity of monoblasts 
was revealed. Cases of AML, M5a with un
usual phenotypical features were discov
ered. Its origin from hierarchy of hemato
poietic stem cells is discussed. 

Keywords: acute myelogenous leukemia, 
monoblastic leukemia, hematopoietic pro
genitor cells, stem cells, antigen expression. 

Introduction 

Acute myelogenous leukemias (AML) are 
clonal diseases of hematopoietic cells. It is 
supposed that the malignant transformati
on occurs at the level of progenitors cells 
with myeloid differentiation and, in some 
cases, possibly pluripotent stem cells [1,2]. 

Human hematopoietic progenitors cells 
can be identified on the basis of specific an
tigen expression. As the most primitive plu
ripotential cells were described CD342+ 
CD3S- CD90+ CD45RO+ HLA_DR"/low 
CD7l-/low cells [3,4]. They may express some 
lineage-specific antigens-CD33, CD 13, 

CD15, CD4, CD7 [5-9]. The process of com
mitment is accompanied by acquisition of 
CD3S, HLA-DR and CD45RA antigens [10, 
11]. A heterogenous population of linear 
committed progenitor cells contains polip
otent precursors of granulocytes, mono
cytes, erythroid and megakaryocytic cells 
(CFU-GEMM) with phenotype CD34+ 
CD13+ CD33+ CD3S+ HLA-DR+ CD45RA+j 
colony-forming units (CFU) of granu
locytes-macrophages (CFU-GM) with phe
notype CD34+CD13+CD33+CD3S+HLA
DR+CD45RA+ CD64+CD15 +j early eryth
roid cell-precursors-burst-forming units 
(BFU-E) with phenotype CD34+CD33+ 
CD3S+HLA-DR+ CD45RO+ CD711owCD41a+ 
CD4lb+j megakaryocyte colony-forming 
units (CFU-Meg) with phenotype 
CD34+CD33+CD3STow HLA-DR+ CD6110wj 
CD34+CD3S+HLA-DR+CDlO+ CD19+ early 
precursors of B-lymphocytes and CD34+ 
CD33+CD3S+ CD4lowCD7+ CD45RA + 
CD3-CDS- bipotent precursors of T-lym
phocytes and natural killer cells. During fol
lowing differentiation of hematopoietic pro
genitor cells the modification of antigen's 
expression (alteration oflevel of expression, 
the disappearance of some antigens and the 
acquisition of new function-significant, li
neage-specific or lineage-associated anti
gens) take place. 

It is supposed that the stage of malignant 
transformation, the stage of the acquisition 
of malignant phenotype and behavior, and 
the stage of accumulation of blast cells for 
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AML cannot coincide [12]. In this situation, 
the definition of specific phenotypical signs 
of blast cells can reflect rather its residual 
capability to myeloid differentiation than 
indicate of malignant transformation. 

The aim of our study was the definition of 
specific patterns of reactivity monoclonal 
antibodies (MoAbs) with blast cells of diffe
rent FAB variants of AML and comparison of 
phenotypes of AML blast cells and cell pre
cursors from the hierarchy of pluripotent 
and progenitor hematopoietic cells. 

Material and Methods 

Patients. Bone marrow aspirates and sam
ples of peripheral blood taken for diagnostic 
purpose from 41 patients with AML were 
studied. The reference group was 71 patients 
with acute lymphoblastic leukemia (ALL). 
Diagnosis and AML variant were established 
according to morphological and cytochemi
cal criteria of FAB-classification [13]. Cyto
chemical reactions (activity of myeloperoxi
dase (MPO), acid phosphatase (AcP), acid a
naphthyl acetate esterase (ANAE), a-naph
thyl acetate esterase (NE), naphthol-AS-D
chloroacetate esterase (CAE), and PAS-reac
tion) were performed. The slides were re
viewed by three independent hematologists. 

Immunopenotyping Immunophenotyping 
was performed on diagnosis. Blood and 
bone marrow cells were PicoU-separated to 
obtain a mononuclear population. In all pa
tients included in the study, the blast cell 
content in the samples for immunophenoty
ping exceeded 60%. Antigen expression was 
detected by indirect immunoperoxidase and 
APAAP methods using a set of MoAbs: 
CD34, CD33, CDl3, CDl4, CD71, CD41, 
CD42b, CD61, CD4SRO, CDS6, CDI9, CD20, 
CD22, CDlO (Dakopatts, Denmark), CDlS 
(clone PM-Sl, gift of E.D.Ball, USA), CD64 
(clone 22.2, gift of N.Dinces, USA), CDl6, 
CD7,CD3,CDS, CD2,CD4,CDS, CD4SRA 
(clones LNK -16, LT7, LT3, LT S, LT2, LT 4, LTS, 
LT4SRA, gift of A.Filatov, Russia), CD3S, 
HLA-DR (clones ICO-20, ICO-l, gift of A. 
Baryshnikov, Russia) and rabbit anti-mouse 
immunoglobuline conjugated with HRP or 
APAAP staining kit (Dakopatts, Denmark). 

In some cases, immunophenotyping was 
performed by flow cytometry on FACSCAN 
using the blood lysis method and MoAbs 
against CD34 (HPCA-2, conjugated with 
phycoerythrin [PE]), CD14 (Leu-M3, con
jugated with fluoresceinisothiocyanate [FITC]), 
CDlS (Leu-Ml, conjugated with FITC), CD7 
(Leu-9, conjugated with FITC), HLA-DR, 
conjugated with FITC, CD33 (Leu-M9, con
jugated with PE) (all Becton Dickinson Im
munocytometry System, San Jose, USA). 

Results 

General Characteristics of Immunopheno
typical Data. AML patients were classified as 
MO (4 patients), Ml (S), M2 (7), M4 (S), MSa 
(16) and M6 (1). The expression of the main 
myeloid antigens is presented in Table 1. 

In cases of AML, MO blast cells had mor
phological signs of lymphoblasts and were 
MPO, AcP, ANAE, CAE negative. A weak dif
fuse NE reaction and fine granular PAS reac
tion in a part of blast cells were detected in 
one patient. Blast cells were characterized by 
stable expression of CD34, CD33, CDl3 and 
HLA-DR antigens, low expression of CDlO 
antigen (SO-9S% of blast cells in 4 patients), 
CD4SRA (40-S0% of blast cells in 2 patients) 
or CD4SRO (30% of blast cells in one pati
ent), the absence of CD3S and more late anti
gens CD64, CDlS, CDl4. In one patient the 
expression of the CD7 antigen and in one the 
low expression of the CD71 antigen was re
vealed. 

In cases of AML, MI 14-90% of myelob
lasts were MPO+, the intensity of reaction 
was weak in 4 and moderate in one patient. 
Blast cells of 4 patients had weak diffuse AcP 
and diffuse-granular PAS-reaction; activity 
of NE was revealed as isolated granules in 
3S% of blast cells in one patient. In all pati
ents activities of CAE and ANAE were not 
detected. Typical immunophenotype of 
blast cells was CD34-CD33+CDl3+HLA
DR+CD3S+CD4SRA + CDlS+CD64+1-. 

The expression of the CDI6 antigen 
(4S-6S% of blast cells) was revealed in two, 
CD7 (SO% of blast cells) in one, and CDI9 
(76% of blast cells) in one patient. 

Myeloblasts in AML, M2 were more diffe
rentiated. In blast cells of all patients mode-
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Table 1. Expression of the main myeloid antigens on blast cells in different FAB-variants of AMI, % positive 
cells 

Pt.No FAB CD34 CD33 CDl3 CD14 CD64 CDI5 CD71 HLA-DR 

1. MO >95 >95,cy >95,cy 0 0 0 31 80 
2. MO 56 80 ND 0 0 0 ND 69 
3. MO >95 >95 >95 0 0 0 0 91 
4. MO >95 >95 >95 0 0 0 0 97 
5. Ml 0 90 0 0 ND 48 0 >95 
6. M1 0 95 95 0 95 50,cy 0 >95 
7. Ml 0 70 84 0 0 95 0 0 
8. M1 0 0 76 0 ND 85 0 85 
9. M1 40 >95 >95 0 91 65 0 78 
10. M2 0 0 0 19 0 50 0 0 
11. M2 21 24 26 21 34 81 0 40 
12. M2 0 0 69 8 0 69 0 0 
l3. M2 0 >95 >95 15 85 >95 0 91 
14. M2 0 0 82 0 0 >95 0 ND 
15. M2 6 30 15 5 15 26 0 32 
16. M2 67 >95 >95 4 78 >95 21 30 
17. M4 33 80 80 15 0 70 0 84 
18. M4 0 >95 >95 48 0 78 0 ND 
19. M4 0 >95 0 0 67 30 0 ND 
20. M4 0 >95 >95 35 ND >95 0 87 
21. M4 0 >95 >95 40 82 90 0 >95 
22. M4 ND ND ND 60 ND 85 0 ND 
23. M4 0 >95 >95 50 ND 90 0 60 
24. M4 0 78 56 6 49 >95 0 60 
25. M5a 0 0 10 0 >95,cy 0 0 81 
26. M5a 0 0 0 0 ND 29 0 56,cy 
27. M5a >95 0 0 0 ND >95 0 >95,cy 
28. M5a 0 0 0 0 ND >95 0 >95,cy 
29. M5a 30 54 42 51 ND 54 0 100,cy 
30. M5a 35 0 0 20,cy 0 80 0 69 
31. M5a ND ND 50 40 ND >95 0 80 
32. M5a 74 32 71 30 ND 71 0 56 
33. M5a 31 43 0 28 ND 40 0 85 
34. M5a 95 0 0 19 60 43 0 82 
35. M5a 85 60 60 25 >95 >95 0 >95 
36. M5a 0 85 40 >95 54 80 0 63 
37. M5a 0 0 25 >95 35 ND 0 ND 
38. M5a 0 >95 70 60 73 85 0 ND 
39. M5a 0 80 65 68 ND 51 0 >95 
40. M5a 0 0 40 >95 ND 50 0 60,cy 
41. M6 10 ND ND 0 ND 40 >95 >95 

Abbreviations: ND, not done; cy, cytoplasmic reaction. 

rate and strong MPO (75-95% of blast cells) expression of CD15 in comparison with 
and CAE (70-85% of blast cells in 6 patients CD13 and CD33 antigens, the presence of 
and 25% in patient No16) activities, weak or CD16 (40-50% of blast cells in 5 of 7 pati-
moderate AcP (90-100% of blast cells) ac- ents), the absence ofCD38 and lymphoid an-
tivity and weak diffuse PAS-reaction tigens. CD 14 antigens was detected on 
(60-80% of blast cells) were detected. Minor 4-19% of blast cells that corresponded to the 
blast population (5-21%) contained strong quantity of ANAE+ cells. CD34 antigen was 
NE and ANAE activity and was considered revealed only in three patients. 
as monoblasts. The majority of blast cells Blast cell population in AML, M4 patients 
were characterized by nonstabile weak/mo- was heterogenous and was represented by 
derate expression of CD33, CD64 and HLA- myeloblasts and monoblasts (in 7 patients). 
DR antigens (in 4 of7 patients), weak or mo- In patient no. 22 all blast cells were mono-
derate expression of CD13 antigen, strong blasts, but in bone marrow pronounced 
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myeloid maturating component was re
vealed. Myeloblasts were MPO+, CAE+ and 
monoblasts were ANAE+ and/or NE+. The 
activity of NE was fluoride-sensitive. Blast 
cell immunophenotype was characterized 
by stable expression of CD33, CDl5, CDl3, 
CD64, CD 14, and HLA -D R antigens. In some 
patients the percentage of CDl4-positive 
and ANAE-positive cells was different with 
predominance of ANAE+ CD 14-cells. The 
CD34 antigen was present on only 33% of 
blast cells in one patient and the CD16 anti
gen on 25-45% of the blast cells in two pa
tients. In 3 patients 20-45% of blast cells 
coexpressed the lymphoid antigens CD? and 
CD4. 

AML, M5a FAB-variant was diagnosed in 
16 patients. In 12 patients (nos. 29-40) the 
definition of the origin of the transformed 
cells was indisputable in view of monocyto
id morphological signs, strong fluoride-sen
sitive NE and ANAE reaction. In 10 from 12 
patients monoblasts were MPO negative, in 
2 patients (nos. 34, 35) 90% and 93% of blast 
cells were MPO positive. Activity of AcP was 
weak or moderate diffuse, PAS-reaction was 
negative or as fine diffuse cytoplasmatic 
staining or isolated granules. In this sub
group of AML,M5a patients blast cells stably 
expressed CDl5, CDl4, HLA-DR, CDl3, 
CD33, CD3S antigens. In 6 of 9 patients the 
co expression of CD? and CD4 antigens was 
revealed. Other lymphoid antigens were not 
determined. CD34 antigen was detected in 6 
of 11 patients (S4.S%) on 31-9S% of blast 
cells. For these patients the high level of 
CDIS and HLA-DR expression was typical; 
expression of CD14 was detected in all pati
ents but on smaller blast population. Among 
CD34 negative patients from this subgroup 
the level of CD14 expression exceeded the 
level of CD15 expression, expression of 
HLA-DR was low. 

In 4 patients with AML,M5a blast cells were 
hardly distinguished from Ll/L2 lymphob
lasts, were only 3-9% of MPO-positive, CAE
negative, had negative or weak AcP, weak 
ANAE and/or NE activity; the PAS-reaction 
was negative or fine granular. Phenotypical 
markers were the expression of CD15 anti
gen, cytoplasmic expression of HLA-DR and 
CD? (in 3 patients) antigens and the absence 
of antigens CDl3, CD33, CDl4, CD3S. The 

CD34 antigen was revealed in one patient. 
We observed only one patient with AML, 

M6. Erythroblasts were ANAE- and NE-po
sitive, had fine granular PAS-reaction and 
local activity of AcP. Its origin was confir
med by the strong expression of CD?1 and 
CD41 antigens. 

Comparison of Phenotypes of AMl Blast Cells 
and Cell-Precursors 

Among patients with AML, MO-M2, M4 and 
typical M5a variants, we did not detect blast 
cells with phenotype of the most primitive 
pluripotent cells. Only in 2 patients from re
ference ALL group blasts cells were 
CD343+CD45RO+CD3S1owHLA-DRlow in the 
absence of any lineage-specific antigens. 
Blast cells of one patient with unusual 
AML,M5a variant had close immunopheno
type: CD343+CD45RO+CD3S1ow cyHLA-DR+ 
cyCD?+ ANAEweak. 

Blast cells of 2 patients with ALL also had 
the immunophenot~pe of committed cell 
precursors (CD34 +CD45RA+CD3S+HLA
DR+ without expression of lineage-specific 
antigens). 

In cases of AML, MO population of blast 
cells was monomorphic by cytochemical 
signs and antigen expression and resembled 
CFU-GEMM (CD34+CD33+CD13+HLA
DR+CD3S-CD64-CDlS-CDl4-). We also dis
covered, using immunoperoxidase method, 
an unusual expression of CD 1 0 antigen on 
the majority of AML, MO blast cells, that had 
not been observed by other authors [14]. In 
other FAB variants of AML we found no 
CD 1 0 expression on blast cells. 

Blast cells in AML, Ml were heterogenic 
by MPO, but monomorphic by expression of 
main myeloid antigens. In one patient (no. 9) 
we revealed by flow cytometry two blast 
subpopulations, distinguished by CD34 ex
pression; and in two patients (nos. 5, 6) by 
immunocytochemical method, two blast 
subpopulations, distinguished by CD15 ex
pression. We believed that leukemic blast 
cell population in AML, Ml is presented by 
analogues of CFU-GM (or CFU-GM and 
CFU-G?) with different degrees of maturati
on, that reflected the expression of the CD 15 
and CD34 antigens. Because leukemia clo-
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nogenous cells were revealed among a 
CD34-negative blast population [15], the 
absence of CD34 in most observed cases of 
AML, Ml did not contradict this supposi
tion. 

The majority of myeloblasts in 6 patients 
with AML, M2 and a minor population in pa
tient no. 16 resembled the normal myelob
lasts by phenotypical features (CD34-CD3S
HLA_DRlow CDlS2+ CD3310w CD 13+ CD6410w 

CDI6+1-) and moderate and strong activity 
of MPO and CAE; just as the majority of 
myeloblasts in patient no. 16 and a minor 
population of blast cells in patient no. 11 
were less differentiated (CD34+ CD33+ 
CD13+) and corresponded to blast cells in 
AML, Ml FAB-variant. In 6 patients a small 
monoblastic component (relatively differ
entiated CDI4+ ANAE+ blast cells) was 
revealed also. 

In AML, M4 patients two distinct blast 
populations were detected: myeloblasts, cor
responding to normal CAE+ myeloblasts 
and distingushed from AML, M2 myelo
blasts by stable CD33, CD13 and HLA-DR 
expression; and monoblasts. The latter 
were heterogenous by CD 14 expression 
(CDl4+ ANAE+ and CD14-ANAE+) that indi
cated a different degree of maturation. In 
one patient the myeloid component was pre
sented by maturating cells. Its belonging to 
malignant clone did not appear. In one pati
ent by flow cytometry a minor CD34+CDlS+ 
and CD34+CD14- blast subpopulation was 
revealed, that we considered may be com
mon progenitor cells for more differentiated 
mono- and myeloblasts. 

In 12 typical cases of AML, MSa mono
blasts of individual patients were at different 
stages of maturation. In 6 patients with ex
pression of CD34 antigens, some blast cells 
presented a CFU-M by expression of CD34, 
CDlS, HLA-DR, ANAE and NE activity and 
the absence of CDI4. We believe that a 
second, more differentiated CD34-
CDI4+CDlS2+ monoblast subpopulation 
was present in these patients, but unfortuna
tely flow cytometry was not carried out. 
Data from other research suggested the im
possibility of simultaneous expression of 
CD34 and CD14 antigens on the same cell 
[6]. A myeloid component was found in only 
2 of CD34+ 6 patients, represented by myel-
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oblasts in one case and myeloblasts and 
promyelocytes in the second patient. 

In CD34- patients with typical AML, MSa 
FAB-variant monoblasts were monomor
phic relatively differentiated cells with high 
expression of ANAE, CD 14, lower expression 
of CDlS (CDl42+CDlS+) and stabile CD13 
expression. A myeloid component was de
tected in two patients as CAE+ strong 
MPO+ myeloblasts and in one patient as my
eloblasts and promyelocytes. 

In 4 patients with unusual AML, MSa FAB
variant monomorphic population of mono
blasts gave minimal evidence oflineage-spe
cific differentiation. In one patient blast cells 
may be considered as primitive pluripotent 
cells. In three another patients the phenoty
pe was close but distinguished by the absen
ce of CD34 antigen: CD34-CD33-CD13-
CDlS+CDl4-CD64- cyHLA-DR+cyCD7+1-. 

The presence of activity of ANAE in some 
blast cells indicated the monocytic direction 
of its differentiation. A myeloid component 
was not revealed in any case. We found no 
published data on the existence of normal 
counterparts for these blast cells. In the ab
sence of main lineage-specific antigen they 
may be estimated as primitive hematopoie
tic cells. 

In one patient wih AML, M6 normal coun
terparts of blast cells might be erythroid 
CFU because of strong CD71 and CD41 ex
pression and the absence of CD34. 

Discussion 

In summary, we cannot define the stage of 
malignant transformation in AML by immu
nophenotyping, but this method reveals the 
stages of the acquisition of malignant phe
notype and blast accumulation. Obviously, it 
corresponds to blast cells in cases of AML, 
MO (presumably CFU -GEMM) and AML, M 1 
(presumably CFU-GM or CFU-G), because 
we did not detect any signs of following dif
ferentiation. In cases of AML, M2; AML, M4 
and typical cases of AML, MSa we believe 
that the stage of acquisition of malignant 
phenotype are the same, CFU-GM, but blast 
cells accumulated on the differentiation sta
ges of monoblasts and myeloblasts. We 
found some evidence for this confirmation: 



the simultaneous presence of myeloblasts 
and monoblasts in an individual patient; the 
presence of a less differentiated blast popu
lation like CFU-GM and AML, Ml blast cells 
in some patients. In cases of AML, M2; AML, 
M4, and most cases of AML, M5a malignant 
CFU-GM possesses a potential different to 
the development in monoblastic and myel
oblastic direction. It is possible that differen
tiation in these directions proceeds inde
pendently. The discrepancy between stage of 
maturation of myeloid and monocytic blast 
components in individual patients indicates 
such a process. It may be the result of diffe
rent genetic alterations distinguishing res
ponsibility to the action of growth factors, 
different parameters of cell cycle during 
mono- and myelo-lineage-specific develop
ment, etc. The question remains, why in indi
vidual patients a malignant blast population 
may be at different discrete maturating sta
ges (less and more differentiated), if the final 
arrest of development is at a more differen
tiated stage? 

Actually,FAB classification based on mor
phological and cytochemical features of 
blast cells reflects functional abilities of 
blast cells and its residual potentials to deve
lopment. Since in cases of AML, Ml; AML, 
M2; AML, M4 and most cases of AML, M5a 
blast population represents the same cells 
(monoblasts, myeloblasts, blasts with im
munophenotype of CFU -GM or CFU -G) but 
in different proportions, there are no speci
fic immunophenotypical patterns for each 
FAB-variant of AML. We may only speak of a 
typical pattern of antigen expression (Table 
2). We think also that in all cases the definiti
on of antigen expression must be supple
mented by cytochemical reactions for a 
more accurate detection of monoblastic (es
pecially less differentiated ANAE+ CD14-
cells) and myeloblastic components. 

Finally, we detected significant heteroge
neity in monoblasts in AML, M5a patients. It 
may be presented by relatively differentiated 
blast cells (CD34-CD33+ CD13+ CDl4++ 
CD15+ HLA-DR+ CD7+ ANAE+),monoblasts 
at a moderate stage of maturation (CD34-
CD33+1- CD13+I- CD14+ CDl52+ HLA-DR+ 
CD7+ ANAE+ and CD34+I-CD33+I-CD13+I-

CD14-CDl5+HLA-DR+ CD7+ ANAE+) and 
blast cells with minimal evidence of monob
lastic differentiation (CD34+1- CD33- CD13-
CDl4-CDl5+1- cyHLA-DR+ cyCD7+). The 
definition of esterase activities is to our 
mind the most characteristic feature of 
monocytic direction of development. We 
found no normal counterpart for the last
described monoblast population. It may be 
cells from the hierarchy of hematopoietic 
stem cells. Recently the existence ofbipoten
tial progenitor cell for monoblasts and B
lymphocytes has been discussed [11]. Dis
covered cases of unusual AML, M5a may be 
the result of malignant transformation of 
such cells. Blast cells with minimal evidence 
of monocytic differentiation had common 
morphological and cytochemical features 
with ALL B-cell origin and represented a 
problem for diagnosis. The main points for 
diagnosis were the presence of ANAE, 3-9% 
of MPO-positive blast cells, the absence of 
all B-cell lineage-specific antigens, and 
simultaneous cytoplasmic expression of 
HLA-DR and CD7. 
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Abstract. CD34 is preferentially expressed on 
immature haematopoietic cells and also in 
transformed haematopoietic cells. Here we 
tested the surface (s) and cytoplasmatic (c) 
CD34 expression on bone marrow blasts in 
twelve cases of Acute Leukemia (AL). Intra
cellular CD34 showed a heterogeneous dis
tribution in leukemia and there is a trend to 
correlate with the maturation status of leu
kemic cells. 

Key words: cytoplasmatic CD34, acute 
leukemia, maturation status. 

Introduction 

CD34 is a surface glycosylated type I trans
membrane protein expressed on develop
mentally early lymphohaematopoietic stem 
and progenitor cells [1, 2]. The function of 
CD34 glycophosphoprotein is still not eluci
dated, but preliminary evidence indicate its 
role in haematopoietic differentiation [2]. 
This study of cCD34 adds information of the 
role of CD34 in leukemogenesis and in the 
maturation process of normal stem cells [3,4]. 

Patients and Methods 

Twelve patients with previously untreated 
acute leukemia, according to the French
American-British (FAB) criteria and to the 
immunological classification of the Euro
pean group for immunological characterisa
tion of leukemia (EGIL) were investigated 

for sCD34 (HPCA-2, Becton Dickenson) and 
cCD34 (HPCA-2-RPE) expression on bone 
marrow blasts using flow cytometry (FAC
scan Becton Dickenson). 

Results and Discussion 

Three groups are evident upon detection of 
sCD34 and cCD34 on bone marrow blasts 
from the different ALs. 

The classically more mature AML (group 
1) do not express CD34 (Table 1). In group II, 
four AMLs (2 AMLs M2 and 2 AMLs M4 re
spectively) expressed CD34 on surface only, 
whereas all more immature ALs (i.e., AML 
Ml and AML MO) and ALLs displayed sur
face and cytoplasmic CD34. 

It would seem that intracellular CD34 is 
restricted to the more immature blasts, al
beit the small number of ALs investigated. 
In normal bone marrow CD34 expression 
on immature cells is dependent from the 
maturation stage and quantitative studies 
on sCD34 on leukemia have shown that the 
number of sCD34 antigens correlate with 
the maturation stage of the blasts [5]. The
refore, intracellular CD34 detection could 
be an alternative to distinguishing the phe
notypic subtype of ALs. Intriguing was the 
presence of a small subpopulation expres
sing cC34 only in three cases (Fig. O. If the 
sCD34-/cCD34 + expressing blasts characte
rize a more immature cell compared to the 
sCD34+/cCD34+ blasts, then which normal 
bone marrow stem cells do they derive? 
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Table 1.Expression of sCD34 and cCD34 on AL bone marrow blasts 

Group AL type sCD34+ 
/cCD34~ 

2AMLM5b 
lAMLM3 

II 2AMLM2++ + 
2AMLM4 + 

III lAMLMl + 
lAMLMO + 
2com-B-ALL + 
1 pre-I-ALL + 

Control 

FLl-H-nl_igh< ---> 

60 

sCD34+ sCD34~ 

/cCD34+ /cCD34+ 

+ 
+ + 
+ + 
+ 

Fig. la,b. Expression of sCD34/cCD34 on 
bone marrow blasts from patient with a 
common-B-ALL. a sCD34-/cCD34+ 
cluster. b sCD34+/cCD34+ cluster. c 
sCD34+/cCD3r cluster 



In order to answer this question we need 
to isolate sCD34-/cCD34+ blasts for better 
characterisation. Furthermore, a great num
ber of ALs must be investigated to confirm 
these preliminary results and define the pro
gnostic role of cCD34. 
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Abstract. Leukocyte alkaline phosphatase 
(LAP) is an enzyme expressed on the exter
nal aspect of the neutrophilic granulocyte 
plasma membrane, and it represents a spe
cific marker for the fully differentiated gra
nulocyte. In this report, we characterize 
IBI2.1, a monoclonal antibody raised 
against human bone alkaline phosphatase, 
for its ability to recognize the LAP protein. 
With this antibody, we developed a quanti
tative flow cytometry-based method for 
the determination of LAP. Double fluores
cence flow cytometry demonstrates that 
the LAP protein is present in relatively high 
amounts in the neutrophilic granulocytes, 
but not in monocytes, natural killer cells, 
B- and T-lymphocytes of normal individu
als. The protein is absent in granulocytes 
obtained from Chronic Myeloid Leukemia 
and Paroxysmal Nocturnal Hemoglobinu
ria patients. Higher than normal levels of 
LAP protein are evident in neutrophilic 
granulocytes of patients suffering from Po
lycythemia Vera, Essential Thrombocyte
mia and Severe Aplastic Anemia. However, 
the highest amounts of LAP protein are 
present in the granulocytes of normal indi
viduals treated with G-CSF for the isolation 
of peripheral blood stem cells. 

Introduction 

Leukocyte alkaline phosphatase (LAP) is a 
plasma membrane protein; it belongs to the 
small family of alkaline phosphatase isoen
zymes and is the product of the gene coding 
for the liver/bone/kidney-type (LIB/K-type) 
isoform [1-3]. LAP is a specific marker for 
the post-mitotic neutrophilic granulocyte [4, 
5]. The amounts of LAP enzymatic activity 
are tightly regulated at various levels by dif
ferent kinds of molecules [3, 6-10]. Granu
locyte-colony-stimulating factor (G-CSF) 
causes the accumulation of LAP mRNA both 
in normal and in Chronic Myelogenous Leu
kemia (CML) granulocytes [5]. In Acute 
Promyelocytic Leukemia (APL) cells, combi
nations of all-trans retinoic acid (ATRA) and 
G-CSF or cAMP stable analogs induce the le
vels of the enzyme [3,6-8]. In addition, ex
pression of LAP enzymatic activity in the 
neutrophilic granulocyte is known to be alte
red in various physio-pathological conditi
ons. High levels of the enzyme are observed 
in the neutrophilic granulocyte during infec
tion, pregnancy, in Fanconi Anemia and in 
Polycythemia Vera (PV) [1]. By contrast, du
ring the stable phase of CML and Paroxysmal 
Nocturnal Hemoglobinuria (PNH), a speci
fic defect in the expression of neutrophilic 
LAP is observed [11]. Determination of LAP 
in peripheral blood neutrophils is diagnosti
cally useful and it is a routine clinicallabora-
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tory procedure, which is performed with a 
semiquantitative assay known as the LAP 
score [12, 13]. In this report we describe a 
flow cytometry-based method for the quan
titative determination of LAP in peripheral 
blood neutrophilic granulocytes. The me
thod was used for the determination of LAP 
expression in normal and pathologic blood 
samples. 

Materials and Methods 

Patients 

Whole blood samples were obtained from pa
tients and healthy volunteers after informed 
consent. Four cases of PNH, six cases of CML, 
eight cases of Essential Thrombocythemia 
(ET), eight cases of PV; and four cases of Se
vere Aplastic Anemia (AA) were analyzed. 
Diagnosis of each disease was made accor
ding to standard criteria [14-17]. In addition, 
samples from individuals treated with G-CSF 
for the mobilization of allogeneic [18] or au
tologous [19] peripheral blood progenitor 
cells (PBPC), were used. Informed consent 
was obtained from the patients and the do
nors using forms approved by the Institutio
nal Review Board. A fully and detailed expla
nation of the potential risks and benefits con
cerning the collection of G-CSF mobilized 
PBPC for autologous and allogeneic trans
plantation was given to normal donors and 
the patients. Normal donors were more than 
18 years old. 

Reagents 

Recombinant human G-CSF (specific activi
ty 108 unitslmg protein) was from Amgen 
Inc., (Thousand Oaks, CA). The 1B12.1 
MoAb was obtained by immunization of 
mice with a highly purified preparation of 
human bone alkaline phosphatase as des
cribed elsewhere [20]. 

LAP Flow Cytometry and LAP Score Assays 

Immunofluorescence analysis was perfor
med on 50 fll of heparinized whole blood in-

cubated for 30 min at 4°C with isotypic mat
ched negative controls (Becton Dickinson, 
Mountain View, CA) or with Fluorescein iso
thyocyanate conjugated (FITC) anti 
leukocyte alkaline phosphatase MoAb 
(lB12.1), and Phycoerythrin conjugated 
(PE) Leu15 (CDllb, Becton-Dickinson,) or 
3G8 (anti CDl6b, Serotec, Oxford, UK). After 
washing with medium containing 2.5% hu
man AB serum, the erythrocytes were lysed 
with NH4Cl buffer (NH4Cl 8.99 gIl, KHC03 

19l1, Na4EDTA 0.037 gIl, pH 7.3) for 5 min at 
room temperature. The cells were then was
hed twice in phosphate-buffered saline 
(PBS) and then analyzed by flow cytometry 
using a FACScan analyzer (Becton-Dickin
son) equipped with argon-ion laser tuned at 
488 nm, power emission of 150 mW, and fil
ter set for FIrC color fluorescence. Double 
fluorescence staining of lymphocytes, mo
nocytes, NK cells were performed as above 
using the following lineage-specific phyco
erythrin-conjugated monoclonal antibo
dies: Leu15 (anti-CDllb) for granulocytes, 
Leu4 (anti-CD3) for mature T-cells, Leu12 
(anti-CDl9) for B-cells, LeuM3 (anti-CDl4) 
for monocytes, Leu11c (anti-CD16a) for NK 
cells. All these monoclonal antibodies were 
from Beckton and Dickinson. FACS analysis 
on granulocytes, lymphocytes and mono
cytes was performed by specific gating off 
the cells on the basis of side and forward 
light scatter. LAP scores were cytochemical
ly determined according to Kaplow as modi
fied by Hayhoe and Quaglino [13]. 

Results 

To establish thatthe 1B12.1 MoAb is directed 
against LAP, we performed two types of ex
periments. Firstly, we demonstrated that 
COS-7 fibroblasts transfected with the emp
ty eukaryotic expression vector do not ex
press significant amounts of 1B12.1 cross re
active protein, as assessed by Western blot 
analysis in non-reducing conditions. By 
contrast, COS-7 cells transfected with the 
same vector containing the full length eDNA 
coding for L/B/K-type alkaline phosphatase 
demonstrate the presence of a single 150 
kDa protein specifically recognized by the 
1B12.1 MoAb (data not shown). Secondly, we 
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showed that the 1B12.1 MoAb specifically 
recognizes LAP partially purified from peri
pheral blood neutrophils of G-CSF treated 
normal donors. Having demonstrated the 
specificity of our reagent, we developed a 
quantitative flow cytometry-based method 
for the determination of LAP in whole blood 
samples. As expected, double fluoresce as
says performed with 1B12.1 and lineage
specific monoclonal antibodies demonstra
ted the presence of significant amounts of 
LAP on mature neutrophils but not on T
lymphocytes, B-lymphocytes, NK-cells and 
monocytes. Flow cytometry of normal neu
trophils showed that these cells express sig
nificant amounts of LAP protein and CD 11 b. 
By contrast, granulocytes obtained from a 
PNH patient were characterized by a defec
tive expression of LAP and CD16, which was 
accompanied by normal plasma membrane 
levels of CD 11 b. The data are in line with the 
fact that LAP [22] and CD16 [23] are pig
tailed proteins and PNH is a disease associa
ted with a defect in the assembly and surface 
export of this type of proteins [24]. Neu
trophils obtained from the peripheral blood 
of patients with CML during the stable phase 
of the disease were devoid of LAP associated 
fluorescence. By contrast, PV and ET were 
usually associated with high levels of positi
vity for the 1B12.1 MoAb. Administration of 
G-CSF to mobilize PBPC resulted in the ap
pearance of extremely high levels of 1B12.1 
associated fluorescence. The results obtai-

ned by quantitative flow cytometry of LAP 
protein were compared to those obtained by 
the conventional cytochemical LAP score 
method and are summarized in Table 1. The 
flow cytometric data are expressed relative 
to the number of LAP positive cells and 
single cell mean associated fluorescence 
(CAMF). There is general concordance bet
ween the results obtained by the LAP score 
method and the number of cytofluorometri
cally determined LAP-positive cells and 
CAME 

To further improve the flow cytometric 
assay of LAP, we devised a bi-parametric 
method for the specific determination of the 
antigen on the neutrophil plasma membra
ne. To do this, whole blood samples or bone 
marrow specimens from normal volunteers 
were subsequently stained with 1B12.1 
MoAb, and-phycoerythrin conjugated anti
CD 16 or anti CDllb MoAbs. The results of 
this analysis are shown in Fig. 1. In the bone 
marrow, a gradient of positivity for CD16 
and a relative homogeneous population of 
CD16/LAP double positive cells are evident. 
This suggests that CD16 is expressed at ear
lier stages of maturation along the myeloid 
maturation pathway than LAP. By contrast a 
sharp double-positive cell population, re
presenting the terminally differentiated ma
ture neutrophil, is present in the peripheral 
blood. 

Table 1. Evaluation of LAP in human normal and pathologic neutrophilic granulocytes by cytochemistry and 
flow cytometric analysis using the IB 12.1 MoAb 

LAP score IB12.1 positive IB12.1 CAMF 
cells (%) (Arbitrary units) 

Control 38 (25-125) 41 (21-60) 30 (24-60) 
G-CSF 360 (200-400) 96 (85-98) 218 (114-315) 
PNH 4(0-15) 3 (1-17) 40 (12-56) 
CML 12 (5-35) 7 (1-12) 26 (17-30) 
PV 256(78-360) 81(57-98) 56 (46-118) 
ET 70 (42-124) 76(58-80) 48 (29-389) 
AA 79 (46-150) 92 (72-96) 64 (60-81) 

Heparinized whole blood samples were obtained from normal individuals and patients and subjected to the 
determination of LAP by LAP score and by flow cytometric methods. The flow cytometric analysis of LAP is 
expressed relative to the number of 1B12.1 MoAb-positive cells (1B12.1 positive cells) or relative to the cell 
associated mean fluorescence (1BI2.1 CAMF). Results are the median value of each set of data with the inter
vals of confidence in brackets. Control = normal individuals; G-CSF = leukemic patients treated with G-CSF 
for the mobilization of hematopoietic stem cells; PNH = patients suffering from paroxysmal hemoglobinu
ria (PNH); CML = chronic myeloid leukemia; PV = polycythemia vera; ET = essential thrombocytemia; AA 
= aplastic anemia. CAMF = cell associated mean fluorescence. 
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Fig. 1. Co-expression of LAP/CD16 and LAP/CDllb on normal peripheral blood or bone marrow granu
locytes. Cells were stained with IB12.1.1 MoAbb and with phycoerythrin-conjugated anti-CD16 (panels on 
right) or CDll b MoAbs (panels on left), and with isotype matched phycoerythrin or fluorescein conjugated 
control antibodies (not shown). Granulocytic cells were selected by specific gating on the basis of the for
ward (FSC-H/FSC-Height) and side (SSCH/SCC-Height) light scatter 

Discussion 

Determination of LAP activity is routinely 
used for the laboratory diagnosis of diffe
rent hematological diseases such as CML, 
pv, idiopathic myelofibrosis and leukemoid 
reactions [12]. The test is based on the LAP
catalyzed formation of an insoluble dye rea
dily visualized over neutrophilic leukocytes. 
The method is at best semi-quantitative and 
subject to great inter-laboratory variability. 
Introduction of a quantitative and reprodu
cible assay that allows measurement of LAP 
would represent an important advance in 
the diagnostic hematological routine. In this 
report, we demonstrate that IBI2.1, a mono
clonal antibody originally developed 
against human bone alkaline phosphatase 
[20], specifically recognizes both recom
binant and natural LAP. In addition, we show 
that the antibody can be used to quantitati
vely determine LAP by flow cytometric ana
lysis of unfractionated heparinized peri
pheral blood. With this method, we measu
red LAP protein in whole blood samples ob-

tained from normal volunteers as well as he
matologic patients. As expected, neutrophi
lic granulocytes obtained from PNH [11] 
and CML [5, 11] patients are characterized 
by a very small number of LAP-positive neu
trophils. The data obtained in PNH granu
locytes formally demonstrate that the defect 
in LAP enzymatic activity, typical of this di
sease, is due to a defective export of the cor
responding protein to the plasma membra
ne and not to mutations affecting the cataly
tic activity of the polypeptide. This finding is 
in line with the fact that LAP is a PIG protein 
and PNH is characterized by a deficit in the 
assembly and the export of PIG proteins to 
the plasma membrane [23]. By contrast, the 
results obtained in CML granulocytes du
ring the stable phase of the disease, are con
sistent with the lack of LAP mRNA observed 
in these leukemic cells [5,11]. The high levels 
of LAP enzymatic activity observed in the 
granulocytes obtained from PV, ET and AA 
patients are the consequence of an increase 
in the levels of the corresponding protein 
and not due to activation of the enzyme. The 
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molecular mechanism underlying the hig
her than normal levels of LAP observed in 
these three myeloproliferative disorders are 
not yet known. By far the highest levels of 
LAP protein are preseent in the peripheral 
blood myeloid cells mobilized from the bone 
marrow upon in vivo treatment with G-CSF. 
In this condition, the peripheral blood is 
characterized by the appearance of a remar
kable number of intensively stained LAP
positive cells. The data strongly suggest that 
in vivo treatment with G-CSF results in the 
rapid maturation of granulocytic precur
sors in which synthesis or plasma membra
ne export of LAP is dramatically induced. 
Interestingly, double fluorescence experi
ments demonstrate that LAP positive G-CSF 
mobilized cells are also CD16 positive, 
which indicates co-regulation of the two 
markers of the terminally differentiated gra
nulocyte. The flow cytometric method for 
the determination of LAP in granulocytes 
has now been further improved by simulate
neous staining of the whole blood preparati-
0ns with IB12.1 and anti-CD16 antibodies. 
The simplicity and reproducibility as well as 
the quantitative nature of the flow cytome
tric of this new assay is well suited for a rou
tine hematologic laboratory and has already 
substituted LAP score in our laboratory. 
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Biologic Determinants for AML Therapy 
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Abstract. Cytomorphology as defined by the 
FAB classification still comprises the back
bone of diagnosis of acute leukemias. Cyto
genetics and molecular techniques have re
cently provided new insights into the bio
logy of AML and were found to correlate 
with morphologic subgroups. Furthermore, 
the morphologic degree of dysplasia was fo
und to be of prognostic significance alt
hough different investigators used different 
definitions for dysgranulopoiesis (DysG), 
dyserythropoiesis (DysE), dysmegakaryo
poiesis (DysM), and trilineage dysplasia 
(TLD) and results are controversial. 

The clinical significance of cytomorpho
logical aspects and dysplasia was prospec
tively assessed in the AMLCG-92 trial. Dys
plastic features were investigated in 272 pa
tients with newly diagnosed AML. No dys
plasia was observed in 34.5% of patients, 
TLD in 17.6%, all other patients had dys
plasia in one or two cell lineages. The overall 
complete remission (CR) rate in all patients 
was 73%, no remission (NR) was achieved in 
10%, 17% of patients suffered from early 
death (ED). Patients without any dysplasia 
achieved CR in 78%, NR in 7%, and ED was 
15%. In contrast, TLD patients achieved CR 
in only 62%, but 23% NR and 15% ED was 
observed. Median overall survival for pati-

ents without any dysplasia was 20 months, 
but only 10 months for TLD patients 
(p=0.24). Cytogenetic analyses were availa
ble in 66% of patients. Unfavorable karyoty
pes were observed in 25% of patients with 
TLD, but in only 6% of patients without any 
dysplasia (p=0.017). Thus, morphology and 
cytogenetics provide the means to identify 
patients with different biology and progno
sis in AML and may include informations to 
adapt treatment strategies accordingly. 

Introduction 

The prognostic significance of dysplastic 
features in de novo AML as a special aspect 
of cytomorphology had been investigated 
by several groups [1-7]. In some studies a 
poor outcome seemed to be associated with 
the detection of dysplastic features but the 
results remain controversial. Cytogenetics 
were also found to correlate with clinical 
outcome and may allow to group patients 
into favorable [t(8;21); t(15;17); inv(16)], in
termediate (normal, others), and unfavora
ble risk groups (-5,5q-,-7, complex) [8]. In 
this prospective study we analysed the inci
dence and the prognostic significance of 
dysplasia in 272 patients with de novo AML 
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treated in the AMLCG-92 trial. The results 
were then correlated with the cytogenetic 
analysis in these patients in order to define 
prognostic subgroups for treatment stratifi
cations in the future. 

Material and Methods 

Between December 1992 and January 1997 
de novo AML was diagnosed in 272 patients 
treated in the AMLCG-92 study [9, 10]. In 
this interim analysis of an ongoing study we 
only included patients when remission sta
tus and remission duration were available. 
Bone marrow and blood smears were sent 
for diagnosis and detailed cytomorphologi
cal examination to our reference center in 
Kiel.At the time of bone marrow analysis we 
had no knowledge of treatment decision or 
cytogenetic results and therefore avoided a 
bias by cytomorphological expectations. 

Bone marrow smears were stained accor
ding to standard procedures [11]. For dys
plasia the May-Grunwald-Giemsa and the 
myeloperoxidase-staining were examined. 
Dysplasia was defined according to stan
dard criteria (4): Granulocytic dysplasia 
(DysG) was defined as >50% of at least ten 
polymorphonuclear neutrophils (PMN) 
being agranular or hypogranular, or with 
hyposegmented nuclei (pseudo Pelger-Huet 
anomaly). At least 25 cells were analysed but 
usually 100 cells were examined. Myelo
peroxidase deficiency in the polymor
phonuclear neutrophils (PMN) was defined 
as 50% or more myeloperoxidase-negative 
cells in at least 10 PMN after confirming 
strong positivity of eosinophils or other 
PMN. Erythroid dysplasia (DysE) was de
fined as 50% or more of the following dys
plastic features in at least 25 erythroid pre
cursors: megaloblastoid aspects, karyorrhe
xis, nuclear fragments or multinuclearity. A 
minimum of 25 cells were analysed but 
usually it was possible to examine 100 cells. 
Megakaryocytic dysplasia (DysM) was dia
gnosed when at least three megakaryocytes 
or >50% in at least six cells showed dyspla
stic features such as microkaryocytes or 
multiple separated nuclei. Trilineage dys
plasia was diagnosed when DysG, DysE, and 
DysM was detectable. 

Cytogenetic analysis was performed ac
cording to the standard protocol using 
fluorescence R-banding or G-banding and 
followed the rules of the International Sy
stem for Human Cytogenetic Nomenclature, 
ISCN (l995) [12]. 

Results 

272 patients (pts.) with de novo AML were 
analyzed (m = 136, f = 136). Median age was 
50.5 years (range 17-76). According to the 
FAB-classification [13] five pts. were classi
fied as AML MO, there were 60 M1 {22%),91 
M2 (33.4%), 4 M3 (1.7%, all others treated 
separatly since 1993 in an ATRA trial),49 M4 
(l8%), 21 M4Eo (7.7%), 15 M5a (5.5%), 19 
M5b (6.9%), 8 M6 (2.9%) and no M7. Remis
sion rates according to FAB-types are shown 
in Table 1. 

Dysplastic features were investigated in 
all patients. No dysplasia was observed in 
34.5% of patients, TLD in 17.6%, all other 
patients had dysplasia in one or two cellli
neages. The overall complete remission (CR) 
rate in all patients was 73%, no remission 
(NR) was achieved in 10%,17% of patients 
suffered from early death (ED). Patients 
without any dysplasia achieved CR in 78%, 
NR in 7%, and ED was 15%. In contrary, TLD 
patients achieved CR in 62%, but 23% NR 
and 15% ED were observed (see Table 2). 
Median overall survival for pts. without any 
dysplasia was 20 months, but only 10 months 
for TLD pts. {p = 0.24, Fig. O. At the time of 
this analysis we decided not to focus on pati
ents with only one dysplastic cell lineage or a 
combination of two lineages because num
bers were to small for valid evaluations. 

Table 1. Remission rate according to FAB-type (n = 
272) 

CR NR ED 
(%) (%) (%) 

AMLMO 60 20 20 
AMLMl 67 12 21 
AMLM2 75 11 14 
AMLM3 87 4 9 
AMLM4 63 14 23 
AMLM4Eo 95 0 5 
AMLM5 75 10 15 
AMLM6 50 25 25 
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Fig.l. Trilineage dysplasia (TLD) seems to be an unfavorable prognostic factor for remission and surival in 
patients with de novo AML The difference is not statistically significant so far. 

Table 2. Dysplastic features and remission rate in de Table 3. Cytogenetic results in patients with de novo 
novo AML AML according to dysplastic features 

NoDys All pts. TLD 
(n= 94) (n = 272) (n = 48) 

CR 78% 73% 62% 
NR 7% 10% 23% 
ED 15% 17% 15% 

Cytogenetic analyses were available in 63% 
and 69% of patients without any dysplasia or 
TLD, respectively. Unfavorable karyotypes 
were observed in 25% of patients with TLD, 
but in only 6% of patients without any dys
plasia (p = 0.017). 

According to the cytogenetic subgroups, 
the median relapse free interval was still not 
reached for patients with favorable risk, it 
was 18 months for the intermediate group, 
but only 8 months for patients with unfavor
able cytogenetics (p = 0.0084, Fig. 2). 

Discussion 

The identification of new prognostic factors 
in AML is needed to stratify patients into low 
risk and high risk group and to modify the
rapeutic approaches in the future. Some stu
dies were able to demonstrate the significan-
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NoDys 

All patients (n) 94 
Results available 63% 

Normal karyotype 58% 
Favorable risk 21 % 
Unfavorable risk 6% 
Others 15% 
Not evaluable 10% 

TLD 

48 
69% 

60% 
9% 
25% 
6% 
0% 

p= 

n.s. 
0.16 
0.017 
n.s. 

ce of cytogenetic results for the outcome of 
patients [14-22], others identified age [19] 
or leucocyte count [20] as prognostic fac
tors, but these results remain controversial. 
This is true also for the detection of myelo
dysplasia in de novo AML. The incidence of 
DysG, DysE or DysM differed widly in diffe
rent studies [1-7]. Even if the same investi
gator analyzed the bone marrow smears va
riations of 100% were published in different 
trials [4,5]. This demonstrates the complexi
ty of the detection of dysplasia and one 
should avoid final conclusions from these 
retrospective studies. Only two studies 
could demonstrate the prognostic value of 
TLD for event-free survival [3, 7]. In one 
study DysM seems to influence the progno
sis [5]. 
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Fig.2.Cytogenetics define different biological entities in de novo AML. Favorable: t(8;21); t(15;17); inv(l6); 
intermediate (normal, others); and unfavorable risk group (-5,5q-,-7, complex aberrations). 

In contrast, the incidence of patients with
out any dysplasia, or with TLD ranged in 
small limits in all studies published so far. 
Thus, it seems much easier to achieve relia
ble results especially for these two sub
groups of patients. 

We have investigated morphological dys
plasia in 272 patients with de novo AML to 
clarify its clinical significance. All patients 
were treated in the AMLCG-92 trial. We were 
able to identify two subgroups of patients 
with a superior or a worse complete remis
sion rate. Patients without any dysplasia in 
the bone marrow had a higher CR rate (78%) 
in comparison to all patients combined 
(73%) and especially in contrast to patients 
with TLD (CR 62%). Similar results were re
ported by some groups in retrospective stu
dies [1,3,4,7]. Others failed to demonstrate a 
significantly lower CR rate for patients with 
TLD but used unconventional criteria for 
the definition of dysplasia so that it can not 
be compared to results of other studies [6]. 

We were not able to clarify the prognostic 
significance of dysplasia affecting only one 
or two cell lineages, because the number of 
cases was too small. Further investigations 
are on their way and may help to define 
smaller subgroups of patients with special 

combinations of dysplastic features. A mul
tivariant analysis will help to grade the im
portance of other accompanying cytomor
phological details. 

Furthermore, we correlated the detection 
of dysplasia with karyotype. According to the 
actual definitions of favorable risk [t(8:21); 
t(15; 17) and inv(16)], intermediate risk (nor
mal karyotype, others), and unfavorable risk 
(-5, 5q-, -7, complex aberrations) we could 
demonstrate that the detection ofTLD is hig
hly correlated with unfavorable chromoso
mal aberrations (p = 0.017) and no dysplasia 
is much more often seen with favorable an
omalies (p= 0.16). However, the most impor
tant difference for remission and survival 
was achieved comparing these three cytoge
netic subgroups alone (p = 0.0084). Therefo
re, further investigations are necessary to de
fine the prognostic impact of dysplasia in de 
novo AML and may lead to a reliable progno
stic score in combination with cytogenetic 
data. This may hopefully allow treatment 
stratifications in order to avoid over-treat
ment in favorable risk patients such as allo
geneic bone marrow transplantation in first 
CR. Furthermore, new treatment options for 
the unfavorable subgroup of patients have to 
be defined. 
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In conclusion, the detection of dysplasia 
and especially the leukemic karyotype at 
diagnosis are biological determinants for 
AML treatment results. After confirmation 
of these first prospective analysis, results 
should be implemented in further treatment 
stratifications in order to achieve best re
mission rates and survival for every single 
patient according to the biological entity of 
the individual leukemia. 
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Abstract. To evaluate the newly bred NOD
scm mice as recipients for human B-cell 
precursor ALL bone marrow or peripheral 
blood cells from 7 pediatric and one adult 
patient were transplanted onto irradiated 
NOD-scm mice. Leukemic cells from 6 out 
of 8 patients (75%) successfully engrafted 
NOD-scm mice and from 4 patients (50%) 
led to an extensive leukemic infiltration in 
the murine marrow. High level human cell 
engraftment could be demonstrated by 
flow cytometry, Southern blot analysis, 
PCR and cytology. By cytology and immu
nophenotype, the leukemia in the mice was 
indistinguishable from the original leuk
emia in the patients. Limiting dilution ana
lysis with cells from one patient with pre
pre-B-ALL showed that as few as 10,000 
cells were sufficient to transfer the leuke
mia onto NOD-SCID mice. The presence of 
human eosinophils in the marrow of highly 
engrafted mice indicated minimal coen
graftment of rare residual normal cells. De
velopment of leukemia in the mice varied 
between 1.5 and 7 months depending on 
cell dose and patient transplanted. Inter
estingly, conditioning of the mice by sub
lethal irradiation was not necessary for 
successful engraftment. These experiments 
demonstrated that NOD-SCID mice are 
sensitive recipients for human ALL xeno
grafts. 

Introduction 

The original transplantation experiments by 
John Dick and coworkers had established 
that leukemic cells from patients with B-cell 
precursor ALL engraft immune-deficient 
scm mice and proliferate in the murine 
microenvironment in a fashion similar to 
that seen in patients [1, 2]. This has been 
confirmed by several other groups [3-10]. In 
addition, scm mouse models have been de
veloped for normal human hematopoiesis 
and a variety of myeloid leukemias [11-17]. 
Recently, a new mouse strain has been bred 
by crossing the scid mutation onto the NOD 
mouse background [18]. Due to additional 
defects of the immune system, these NOD
scm mice are better recipients for normal 
and leukemic human myeloid cells (review
ed in [12]). In this study we tested this new 
mouse strain for an ALL xenograft model. 

Materials and Methods 

Transplantation of human ALL onto NOD-SCID mice 

The NOD-SCID mice were kept under defi
ned flora conditions in individually ventila
ted (HEPA-filtered air) microisolator cages 
(Lab Products, Maywood, USA). 1 X 104-20 
X 106 bone marrow or peripheral blood cells 
from seven pediatric and one adult patient 
with B-cell precusor ALL were transplanted 
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via tail vein injection onto 8-14 week old 
NOD-scm mice. Most mice were sublethal
ly irradiated with a single dose of 3.75 Gy 
from a cobalt 60-unit one day prior to trans
plantation. 

Multiparameter Flow (ytometry 

To quantify and characterize the human 
leukemic cells in the transplanted mice the 
murine bone marrow was analyzed by three
color flow cytometry. Anti-CD45-FITC or 
anti-CD45-PerCP antibodies (Anti-HLe-I, 
Beckton Dickinson) were used to identify 
human cells in the murine marrow; expres
sion of B cell markers was assessed by stain
ing with anti-CDl9-Cy5 or anti-CDl9-PE 
04.119, Immunotech, Hamburg), anti
CDlO-FITC (ALB2, Immunotech) and anti
CD20-PerCP (LeuI6, Beckton Dickinson); 
anti-CD34-PE (QBendIO, Immuntech) was 
used for the detection of immature cells and 
anti-CDl3-PE (SJIDI, Immunotech) und 
anti-CD33-PE (D3HL60.25I, Immunotech) 
to assess coexpression of myeloid markers. 
Matched isotype controls were included in 
each experiment. 

DNA Analysis 

As previously reported [11] human cell en
graftment was quantified by Southern blot 
analysis. 5 flg DNA were digested with EcoRI 
(Boehringer Mannheim, Mannheim), sepa
rated on a 0.6% agarose gel, blotted onto a ny
lon membrane (Boehringer Mannheim) and 
hybridized with a luminescence-labelled hu
man chromosome 17 -specific alpha-satellite 
probe (pI7H). Human cell engraftment was 
quantified by comparing the characteristic 
2.7-kb band in the sample lanes with stan
dard human:mouse mixtures. PCR-detection 
of human DNA in bone marrow of trans
planted mice was performed by using pri
mers specific for human intronic sequences 
of the muscular dystrophy gene according to 
our established protocol [16]: 7632 sense pri
mer: 5' -AAT TCA CAG AGC TTG CCA TGC 
TG-3'; 6975 antisense primer: 5'-TGC CTC 
CCA GAT CTG ACT CCT GTA-3'. The PCR 
amplification results in a 230 bp product. 
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Results 

Bone marrow or peripheral blood cells from 
seven pediatric and one adult patient with B
cell precursor ALL were transplanted onto 
NOD-scm mice. The patient data and expe
riments are summarized in Table 1. By flow 
cytometry, human cells could be detected in 
the bone marrow of mice transplanted with 
cells from six out of the eight patients (75%) 
(Table 1) and in the marrow of mice trans
planted with cells from four patients an ex
tensive leukemic infiltration with 18 to 84% 
human leukemic blasts was observed (as an 
example see Fig. I). 

The human cells in the bone marrow of 
transplanted mice had the same immuno
phenotype as the leukemic cells from the 
original patient sample [19]. In addition to 
the B-cell precursor immunophenotype, co
expression of myeloid makers on the leuk
emic blasts confirmed that leukemic cells and 
not mature B-cells had engrafted these mice. 

Little variability in the engraftment kine
tics were observed when comparable num
bers of cells from the same patient were 
transplanted in different experiments (data 
not shown). However, marked differences 
were seen when cells from different patients 
were transplanted. Time to the development 
of leukemia in transplanted mice varied 
from 1-7 months depending on cell dose 
and patient sample (Table 1). 

Transplantation experiments with 
decreasing numbers of cells demonstrated 
the sensitivity of this ALL-NOD-SCm mou
se model. In limiting dilution experiments 
with leukemic blasts from patient #1 as few 
as 1 X 104 cells were sufficient to successfully 
reinitiate the leukemia in transplanted mice: 
2 out of 5 mice transplanted with 1 X 104 cells 
were successfully engrafted with 81 to 93% 
leukemic blasts infiltrating the murine mar
row 70 to l34 days after transplantation. 

Human cell engraftment could also be 
confirmed by Southern blot analysis and 
PCR. There was a good correlation between 
the level of human cell engraftment as quan
tified by flow cytometry and Southern blot 
analysis (data not shown). 

Touch preparations of the murine mar
row showed extensive infiltration with lym
phatic blasts. In addition to human ALL 



Table 1 

ALL subtype Clinical course Cell dose Time to Llevel of engraftment 
engraftment by flow cytometry 

ALL#l > 3 years 10-20 X 106 41-43 days 11-83% (n=8) 
pre-pre-B inCCR 1 X 106 43-80 days 3-64%(n=4) 
ALL with 1 X 105 16-134 days 0-65% (1 of 5) 
del( 11)( q23) 1 X 104 70-134 days 0-93% ( 2 of 5) 

ALL #2 > 1 year in 20 X 106 43 days O%(n= 1) 
pre-pre-B ALL CCR 5-9 X 106 190 days 59-84% (n =3) 
with t(4;11) 

ALL #3 death 5 X 106 35 days 0% (n = 3) 
first cALL 2 months after 124 days 3% (n= 1) 
relapse relapse 143 days 45%(n= 1) 

ALL #4 > 1.5 years in 4 X 106 34 days 0%(n=2) 
pre-BALL CCR 

ALL #5 > 1.5 years in 5 X 106 40 days < 1% (n = 1) 
cALL with t(9;22) CCR 

ALL #6 Death 1 year 2 X 106 101-185 days 0%(n=3) 
2nd cALL after second 
relapse relapse 

ALL #7 No data 4 X 106 52 days 6%(n=1) 
adult BCP-ALL available 

ALL #8 > 7 months in 8 X 106 86-112 days 5-29% (n = 3) 
cALL CCR 

blasts and residual mouse hematopoiesis, 
low numbers of human eosinophils could be 
detected in highly engrafted mice [19]. This 
indicated minimal coengraftment of rare re
sidual normal human hematopoietic stem 
cells. 

cessful engraftment of B-cell precursor ALL. 
This was shown with cells from patients #1, 
7,and 8. 

An interesting oberservation was that ir
radiation of NOD-SCID mice prior to trans
plantation proved to be unnecessary for suc-
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Discussion 

This study established that NOD-SCID mice 
are good recipients for human ALL xeno-
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Fig.1. Bone marrow of a NOD-SCID mouse transplanted with leukemic blasts from patient ALL #3. The cells 
in the murine marrow are pregated by their forward and site scatter profiles. Like the cells from the original 
patient the human leukemic blasts in the murine marrow co express CD19 and CD10. 
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grafts. 75% of the transplanted leukemias 
engrafted and in most cases caused overt 
leukemia in the mice. By bone marrow cyto
logy and immunophenotype the leukemia in 
the mice was indistinguishable from the 
leukemia in the original patient. 

The sensitivity of the NOD-scm mouse 
assay could be demonstrated by the obser
vation that 1 X 104 bone marrow cells from 
patient #1 contained enough malignant 
stem cells to reinitiate the leukemia in trans
planted mice. Most published studies with 
conventional scm mice use much higher 
cell doses, i.e., 5-10 X 106, for transplanta
tion. In addition, the presence of human eo
sinophils in ALL-transplanted NOD-SCID 
mice indicated minimal coengraftment of 
residual normal stem cells which are only 
present at very low frequency in human 
marrow at the time of diagnosis [20]. 

Transplantation experiments with cells 
from patient #1, 7 and 8 with non-conditio
ned mice showed that irradiation of the mice 
was not necessary for successful engraft
ment. This is in accordance with a recent stu
dy using unirradiated scm mice as recipi
ents for ALL transplants [6].As there are no 
competing murine B-lymphoid cells and as 
all B-stimulatory growth factors are most 
likely upregulated in scm and NOD-scm 
mice human leukemic B-cell precursor cells 
unlike human myeloid cells might already 
find an optimal microenvironment in un
conditioned mice. 

This ALL-NOD-scm mouse xenograft 
model will be a valuable tool to characterize 
candidate normal and leukemic stem cell 
populations in B-cell precusor ALL and to 
develop and evaluate new antileukemic 
treatment strategies. 
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Flow Cytometric Analysis of Immature Cell Populations in 8-Cell 
Precursor ALL 

J. VORMOOR, G. BAERSCH, M. BAUMANN, J. RITTER, and H. JURGENS 

Abstract. A flow cytometric protocol was de
veloped that allowed identification and ana
lysis of rare CD34+CDI9- cells in the bone 
marrow of patients with B-cell precursor 
acute lymphoblastic leukemia (ALL). Within 
this CD34+CDl9- cell population an expres
sion of CD38 was observed that was compa
tible with differentiation from primitive 
CD34+CD38- to more mature CD34+ 
CD38+ cells. Lack or very low levels of CD45 
expression on the leukemic cells of 8 pati
ents was used as a marker for the leukemic 
cell clone. In 3 of these 8 patients, all 
CD34+CDl9- cells did express CD45; in the 
other 5 patients, some or most of the 
CD34+CD19- population were CD45-. In 
normal bone marrow, CD34+CD19- cells 
were always CD45+ (n= 6). This suggests 
heterogeneity of stem cell involvement in 
childhood B-cell precursor ALL. In some pa
tients the leukemic transformation may 
arise from a lymphoid-committed cell al
ready expressing CDl9, while the CD34+ 
CD 19- cells may represent residual normal 
cells. To identify early differentiation events 
within the leukemic cell clone CD24 and 
CD31 expression was analyzed. Our prelimi
nary data are compatible with the most im
mature leukemic blasts being CD34+ CD31 + 
CD24-. These data need now to be confirmed 
by molecular methods and transplantion of 
these populations onto immune-deficient 
mice. 

Introduction 

Flow cytometric analysis in acute myeloid 
leukemia (AML) had shown that although 
there are abnormal patterns of antigen ex
pression in the bulk population of AML 
cells, the earliest differentiation events seem 
to be highly conserved between normal and 
leukemic stem cell populations [1]. In accord
ance with these findings it could be shown 
that the most immature CD34+CD38- cells 
in the bone marrow of AML patients contain 
the genetic alterations specific for the leuk
emic cell clone [2]. Moreover, only AML cells 
with this stem cell-like CD34+CD38- pheno
type and not more mature leukemic cells 
could transfer the human AML onto immu
ne-deficient scm mice [3]. Together these 
data established that like in normal hemato
poiesis there is a small population of leuk
ernie stem cells in AML which maintains the 
malignant growth in vivo. Like normal stem 
cells these malignant stem cells loose their 
self-renewal and proliferative capacity 
during differentiation. 

In this study we investigated if unlike in 
AML it would be possible to identify candi
date residual normal stem cell populations 
in patients with B-cell precursor ALL that 
could be distinguished from the leukemic 
cell clone by cell surface marker expression. 
In addition, we tried to characterize early 
differentiation events within the leukemic 
cell clone. 

Department of Pediatric Hematology/Oncology, University of Munster, Germany 
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Materials and Methods 

To characterize rare CD34+ cell populations 
in B-cell precusor ALL, bone marrow or pe
ripheral blood cells were stained with the 
following antibody combinations: anti
CD38-FITC / anti-CD34-PE / anti-CDI9-
PECy5 (}4.119, Immunotech)/(T16, Immu
notech)/(QBendl0, Immunotech) anti
CD45-FITC / anti-CD34-PE / anti-CDI9-
PECy5 (Anti-HLe-l, Becton Dickinson 
(BDIS»/(T16, Immunotech)/( QBend1O, Im
munotech) [4].5 X 106 cells (0.5 - 1 ml whole 
blood or bone marrow) were incubated with 
30 Jll of the antibodies for 20 min at room 
temperature. Subsequently, the red cells 
were lysed (cell lysis buffer, BDIS) and the 
sample washed twice with PBS buffer. Data 
acquisition and analysis was performed on a 
FACScan (BDIS) using Cell Quest software 
(BDIS).After calibration and compensation, 
1 X 106 events were acquired but only 
CD34+CDI9- events were stored (storage 
gate). Using the same gate, 1 X 106 events 
from the same sample stained with matched 
isotype control antibodies were analyzed to 
exclude amplification of unspecific events. 
To reduce background, the acquisition speed 
was kept below 2000 events/s and the cyto
meter was flushed for 10 min with 5% hypo
chloride and for 10 min with pure water be
fore each acquistion. 

Expression of CD24 and CD31 was ana
lyzed according to standard flow cytometric 
protocols as described before [4,5]. 

Results 

To identify rare CD34+ cell populations in 
the bone marrow of patients with B-cell pre
cursor ALL at diagnosis high numbers of 
cells had to be analyzed and several steps to 
be performed to avoid amplification of un
specific background events as described 
under Methods. 

With this flow cytometric protocol it was 
possible to identify a CD34+CD19- cell pop
ulation in the bone marrow of 18 BCP-ALL 
patients at diagnosis, i.e. an immature 
CD34+ cell population that lacked expres
sion of lymphoid cell surface markers. This 
population represented only about 0.1 % of 

all bone marrow cells. A small minority of 
these cells were CD38- while the majority of 
CD34+CD19- cells expressed CD38. 

In 8 patients with CD45- ALL, CD45 ex
pression was analyzed on this CD34+CDI9-
cell population. In 3 patients, all 
CD34+CD 19- cells expressed CD45 (Fig. 
lA). In 5 patients, two distinct populations 
were detected in the CD34+CDI9- compart
ment, one expressing CD45 and one lacking 
expression of CD45 (Fig. IB). In 6 normal 
bone marrow samples the CD34+CDI9-
cells always expressed CD45. 

Twentythree patients were analyzed for 
CD24 expression within the leukemic cell 
clone. In 16 patients CD24 expression was 
inconclusive as the leukemic cell clone was 
either CD24- (4 pat.) or CD24+ (12 pat.). In 7 
patients there was a small minority of CD24-
cells while the majority of cells expressed 
varying amounts of CD24. When CD34 ex
pression was downregulated with differen
tiation within the leukemic cell clone (2 
pat.), CD24 expression was inversely cor
related with CD34 expression (Fig. 2) . 

So far, 10 patients have been analyzed for 
CD31 expression. In 4 patients, CD31 expres
sion was inclusive as the leukemic cell clone 
was CD31 +. In 6 patients, there was a small 
minority of CD31 +++ while the majority of 
leukemic cells expressed low levels to no 
CD3!. In 5 of these 6 patients there was a di
rect correlation between the level of CD34 
and CD31 expression (CD34+++CD31+++ 
-> CD34+/-CD31+/-). 

Discussion 

One of the open questions concerning leuk
emogenesis of acute lymphoblastic leuke
mia is if the transformation event/events 
like in AML occur/s in a pluripotent stem 
cell or rather in a lymphoid-restricted pro
genitor cell. 

To address this question we developed a 
flow cytometric protocol to characterize 
rare CD34+CDI9- immature cell populati
ons in patients with B-cell precursor ALL at 
diagnosis [4]. Using this protocol we were 
able to identify immature CD34+ cells which 
lacked expression of lymphoid cell surface 
markers. When these cells were analyzed for 
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CD38, a pattern of CD38 expression was seen 
that was compatible with differentiation 
from immature CD34+++CD38- to more 
mature CD34+CD38+. The lack of expres
sion of lymphoid cell surface markers and 
the pattern of CD38 expression suggested 
that these cells may represent residual 
normal cells. 

Therefore, 8 patients with CD45- ALL 
were further analyzed. In CD45- ALL, absen
ce of CD45 expression provides a unique 
marker for the leukemic cell clone. In 3 of 
these patients, all the CD34+CD19- cells un
like the leukemic cells expressed CD45 (Fig. 
1A). In the other 5 patients, 2 separate popu
lations could be identified within the 
CD34+CD 19- compartment, one presumab
ly normal CD45+ and one presumably leuk
emic CD45- (Fig. 1B). CD34+CDl9- cells 
from normal bone marrow always expressed 
CD45. 

These data suggest that in a third of the 
CD45- ALL patients analyzed in this study 
the leukemic transformation occured in a 
lymphoid progenitor cell already expressing 
CD19. This also indicates that at least in 
some patients with B-cell precursor ALL it 
might be possible to identify and potentially 
purify residual normal stem cell populati
ons. However, CD45- ALL is considered to be 
a prognostic favourable subtype [6] and it 
has to be seen if these findings also apply to 
other ALL subtypes. 

In the other 5 patients, a CD45- popula
tion could be identified within the compart
ment of immature CD34+CD19- cells. This 
suggests that in these cases the leukemia ari
ses from a cell not yet expressing CD19. Fur
ther analysis of these cells is necessary to de
termine if these cells have a CD34+CD38-
stem cell-like phenotype or if they are 
CD34+CD38+ progenitor cells. Future stu
dies also have to identify additional markers 
which may allow to distinguish between 
candidate leukemic and residual normal 
stem cell populations. 

The next question we tried to address is if 
we could identify early differentiation 
events within the leukemic cell clone. Aim of 
this approach is to identify candidate ALL 
stem cell populations. In analogy to normal 
B cell development [7,8] expression of CD24 
and CD31 was assessed on CD34+CD19+ 

leukemic blasts. The expression patterns 
found were compatible with the differentia
tion of CD34+CD31 +CD24- to more 
mature CD34+/-CD31-CD24+ leukemic 
cells (Fig. 2). 

However, analysis of larger numbers of 
patients is necessary and these data need to 
be confirmed by molecular methods and 
transplantation of theses subpopulations 
onto immune-deficient mice before final 
conclusions can be drawn from these stu
dies. 
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and U. GOBEL 1 

Abstract. Physiologically, T-cell differentia
tion involves passage through the thymic 
cortex, where approximately 90% ohhe T
cells will be eliminated by apoptosis. This 
thymic cortical T-cell population is called 
selection-related (SR) and can be identified 
by a distinct pattern of surface marker ex
pression (CDl+CD4+8+). 

Aims of the study: as malignant transfor
mation can occur at different stages ofT-cell 
differentiation we asked the following ques
tions: 
1. What percentage of T -ALL cases are of SR 

phenotype? 
2. Does SR phenotype confer a different 

prognosis under standard leukemia 
therapy? 

Patients and methods: immunophenotypes 
of 87 ALL cases diagnosed as T-ALL and 
treated between 1985 and 1994 according to 
the high-risk arm of the COALL protocols 
were reviewed. 

Results: 37/87 (42.5%) patients presented 
as SR phenotype; 39 cases (44.8%) were 
classified as non-selection related (NSR) 
consisting of subsets with pre- (n=12) and 
post-selection (n=13) phenotype or coex
pression of myeloid markers (n=14). 11 
cases (12.6%) did not meet the criteria for 
either subgroup. EFS of SR phenotype T
ALL (0.92±0.04) was significantly higher 
compared to the NSR group (0.59±0.08, log 
rank test, p=0.0018). Because of small pa-

tient numbers the subsets of the NSR group 
showed no significant differences between 
each other. 

Conclusion:T-ALL with a SR phenotype is a 
distinct group of patients with excellent pro
gnosis under a standard high risk treatment 
protocol. 

Introduction 

Immunophenotyping has been very useful 
to identify prognostic subgroups in ALL 
deriving from B-lineage precursors. The 
knowledge about T cell differentiation and 
its associated immunophenotype is rapidly 
increasing (reviewed in [1, 2]).A key matu
ration process of immune system cells is 
selection of T -lymphocytes that are capable 
to distinguish between self and non-self. 
Based on the current understanding of the 
immunophenotype of T -cells undergoing 
selection we used a novel classification. We 
differentiated between thymocytes under
going selection with a selection-related 
phenotype (SR) and thymocytes/lym
phocytes before or after selection with a 
non-selection related phenotype (NSR) 
and applied this to T-ALL blast pheno
types. 

1 Dept. of Pediatric Hematology 
2 Depts. of Oncology Universities of Dusseldorf and Hamburg, Germany 
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Material and Methods 

Patients 

From January 1985 to August 1994 patients 
were recruited in the German COALL 
85/89/92 multicenter trial. Patients had to be 
over 1 year and under 18 years of age. Pati
ents were excluded from the study if they 
were treated for more than 14 days with che
motherapy other than vincristine, daunob
lastin and prednisone, if dosage was reduced 
or therapy discontinued in an other way 
than stated in the study protocol, if death oc
cured before initiation of therapy or if pa
rents denied to give consent to participate in 
the study. 

Diagnosis and Therapy 

T -ALL was diagnosed when there were more 
than 25% lymphoblasts in the BM by 
microscopy and blasts exhibited classical T
cell markers that are usually not present on 
B-/myeloid cells by immunophenotyping; 8? 
of the recruited cases were diagnosed as T
ALL. At diagnosis the size of lymph nodes, 
liver and spleen as well as the mediastinal 
mass and testicular involvement was deter
mined by physical examination and routine 
full blood counts were recorded. If there 
were more than 5 lymphoblasts /111 in CSF 
patients were diagnosed to have CNS invol
vement. Patients with T-ALL received the 
high risk arm of the protocol COALL-
85/89/92 [3-5]. Complete remission (CR) 
was defined as absence of leukemic blasts in 
peripheral blood, BM « 5%) and CSF. Re
lapse was defined as reoccurence of leuk
emic blasts in any location. 

Immunophenotyping and Immunological 
Subclassification 

Immunophenotyping was done by standard 
immunoflourescence microscopy and FACS 
analysis using directly labelled, fluorescina
ted monoclonal antibodies. The most lin
eage specific, classical T-cell markers CDl, 
CD2 surface sCD3, CD4, CDS, CD?, CD8 were 
used to define T -ALL. Due to retrospective 

analysis double binding studies were not 
available in all cases. To differentiate from B
cell lineage blasts were also stained with the 
classical B-cell markers CDI9, CD20, CD22. 
T -ALL was defined as SR if at least one or 
both of the following two criteria were fulfil
led. CRITERION I: CDl expression of more 
than 10% ofleukemic blasts in PB and BM ir
respective of CD3 expression. CRITERION 
II: Evidence for CD4/CD8 double-positive 
(DP) leukemic blasts in PB/BM. The sum of 
percentages of CD4+ and CD8+ blasts is 
> 30% and exceeds the percentage of sCD3 
cells by a factor> 3 (%CD4+%CD8 / %CD3 = 
>3) or exceeds 150% in total (%CD4 + 
%CD8= >150%). Percentages of CD4+ and 
CD8+ blasts have to differ less than 6-fold 
from each other (%CD4 / %CD8 = > 6 or < 
0.16). CD24 is a B-cell marker. However 
CD24 is thought to be the human analogue 
of heat -stable antigen which in the mouse is 
transiently expressed and appears to be in
volved in T-cell development [l]. Therefore 
in combination with the above criteria CD24 
expression of up to 50% was still included in 
the SR phenotype. T -ALL with Pre-Selection 
(PRS) phenotype, with post-selection (POS) 
phenotype and My+/B+ phenotype with co
expression of B-celllineage or myeloid mar
kers were summarized under non-selection
related (NSR). T-ALL with PRS phenotype is 
defined by CD? expression and no expres
sion of CDl, sCD3, CD8. In all cases more 
than 65% of blasts were CD? positive. In 
most cases CDS and CD2 are expressed. CD4 
can be expressed in pro-Tcells [1], therefore 
expression of CD4 up to 50% can be found in 
rare cases of the PRS group. T -ALL with POS 
phenotype is defined as expression of sCD3 
in more than 15% of blasts. The sum of CD4 
and CD8 does not exceed the percentage of 
total sCD3 cells by > 1 0% (CD3/CD4+CD8= 
>1.1). CDI has to be >10%. CD2, CDS, CD? 
are usually expressed >50%. T-ALL with 
My+/B+ phenotype is defined as expression 
of one or more of the classical B-cell/myelo
id markers >20% in BM/PB. CD24 was only 
counted as a B-cell marker, if CD24 was 
>50% (see above) and there was a NSR phe
notype or if there was additional evidence of 
B-lineage (CDI9, CD20 > 20%). 

T -ALL were not classified if there were no 
data for > 5 classical T-cell markers or if 
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Table 1. Classification criteria used for immunophe
notypical subtypes ofT-ALL. 

T-ALL 
immuno
phenotypical 
subtype 

SR 

NSR 
a)PRS 
b)POS 

c) My+/B+ 

Criteria 

CRITERION I: CDI > 10% irrespec
tive of CD3 expression. 

CRITERION II: CD4+ and CD8+ 
blasts is > 30% 
and %CD4 + %CD8 / %CD3 = >3 or 
%CD4 + %CD8 = > 150% 
and %CD4/ %CD8 = > 6 or < 0.16 

CD7+ (>65%) CDl-,sCD3-,CD8-
sCD3 > 15% and CD3/CD4+CD8 
= >1.1,CDl <10% 
one or more >20%: CD13, CDI4, 
CD33, CDI9, CD 20, CD22, CD24 
(>50%) 

SR = selection-related,NSR = non selection-related, 
PRS = pre-selection, POS = post-selection, My+/B+ 
= coexpression of myeloid/B-cell markers 

there were no data on the most useful mar
kers CDl and CD3. 

Statistical Analysis 

The Kaplan Meier method was used to esti
mate event-free survival rates. Events were 
defined as failure to get into complete remis
sion, relapse and death during CR. Differen
ces between the immunological subgroups 
SR and NSR were calculated by the two
sided log-rank test. 

Results 

Immunological Classification and Immuno
phenotype of subgroups 

37 (42.5%) cases were classified as SR pheno
type. In 12 cases peripheral blood, in 20 cases 
BM and in 5 cases both were used for immu
nophenotyping. In 16 cases classification as 
SR based on criterion I, in 13 cases on II and 8 
cases on both criteria. Data on CD3, CD4, 
CD8 were available in all patients. In 5 pati
ents there were no data on CD 1 expression. 
In these patients criterion II was fulfilled and 
patients were thereby classified as SR. 39 ca-
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ses (44.8%) were classified as NSR phenoty
pe. Immunophenotyping was done in 7 cases 
on PB, in 28 cases on BM and in 4 cases on 
both BM and PB. At least one classical 
My+/B+ marker was stained in the 14 
My+/B+ cases,in 4 cases no classical myeloid 
markers were investigated, so that in these 4 
cases aberrant marker expression might 
have been missed. 3 T -ALL cases coexpressed 
1 myeloid marker (My1 +),2 cases expressed 
2 myeloid markers (My2+) and in 9 cases at 
least one B cell marker was detected. In the 
remaining NSR patients 12 were classified as 
PRS and 13 as POS. 11 cases (12.6%) could 
not be classified at all. Either too few markers 
were stained for (3 cases) or cases did not fit 
into any of the subgroups (8 cases). 

Clinical characteristics of patients with SR and NSR 
phenotype at diagnosis 

Children in the SR group presented at a a 
younger age with a higher initial leucocyte 
count and percentage of blasts and had more 
often a mediastinal mass compared to the 
NSR group. However these differences were 
only minor. Size ofliver and spleen were al
most identical in both groups. Sex, hemoglo
bin and platelets at presentation, CNS invol
vement as well as presence of lymph nodes 
did not differ considerably between the 
groups. There was no case of testicular in
volvement in either group. 

Table 2. Patient and clinical characteristics of the SR 
and NSR subgroups 

Age 

Sex 
Deaths 
Leucocyte count/Ill 
Platelet count/Ill 
Pecentage Blasts 
Hemoglobin 
Liver size in cm 
Spleen size in cm 
Presence of a 
thymic mass 
CNS involvement 
Lymph nodes present 
Testicular involvement 

SR 
7.05 years 

24M,13F 
3DR,-CR 
168.027 
80300 
65.1 % 
12.2 
3.75 
4.43. 

21137 cases 
2/37 cases 
28/37 cases 
o cases 

NSR 
8.92 years 

28M,11 F 
14DR,2CR 
125.182 
97400 
55.4% 
11.1 
3.87 
4.43 

16/39 cases 
3/39 cases 
28/39 cases 
o cases 

DR=disease-related CR=complication-related 



Clinical Outcome 

Outcome was observed over 11.56 years in 
the SR and 11.62 years in the NSR group. In 
the SR group 16 patients were treated with 
the COALL-85, 6 patients with the COALL-
89 and 15 patients with the COALL-92 proto
colI. Deaths were due to disease in the 3 cases 
of the SR group with 2 deaths occuring in the 
COALL-92 and 1 in the COALL-85 protocoll. 
In the NSR group there were 14 deaths due to 
disease and 2 due to complications with 10 
deaths occuring in 24 patients treated with 
the COALL-85, 2/3 in the COALL-89 and 4/12 
in the COALL-92 protocoll. Figure 1 gives 
the standard Kaplan-Meier analysis for SR 
(n=37) vs. NSR (n=39): 

Event-free survival in the NSR subgroups 
PRS (0.64, SE=0.14, n=12), POS (0.58, 
SE=0.14, n=13) and My+/B+ (0.57, SE=O.13, 
n=14) was not significantly different from 
each other. Events in the SR group were 3 re
lapses. In the NSR group 15 events occurred 
and consisted of deaths by complication, 1 
NR and 12 relapses. One patient in the SR 
and 3 patients in the NSR group were lost to 
follow-up. 

Discussion 

Physiological Phenotype of T-Lineage Cells During 
Differentiation as the Basis for a Novel Classification 

Originating from lymphoid stem cells in BM 
T precursor cells migrate to the thymic sub-

0.9 

Fig. 1. Standard Kaplan- 0.8 
Meier analysis. The event 0.7 
free survival (EFS) for the 
immunological subgroup >- 0 .. 6 
selection-related phenoty- t::: 

---' 0.5 
pe (SR) was 0.92 (SE=0.04) ro 
with 34 CCR in 37 patients. <[ 0.4 ro 
Survival in the non-selec- 0 

tion -related phenotype 
oe: 0.3 a... 

(NSR) group was 0.59 0,2 
(SE=0.08, with 24 CCR in 

0101 39 patients). Logrank com-
parison for EFS between 0 

capsular region. These cells are called pro-T 
cells/subcapsular thymocytes and have a 
CD7+ CD3- CDl- CD4-( +) CD8- phenotype. 
We refer to these cells as pre-selection (PRS) 
phenotype. From the thymic subcapsular re
gion thymocytes move to the thymic cortex. 
The cortex contains 80-85% of all thy
mocytes. Here most of the processes resul
ting in selection take place. Cortical thy
mocytes have unique phenotypic and bio
logical properties. Biologically cortical thy
mocytes first undergo massive proliferation 
and then apoptosis with 98% of the thy
mocytes generated per day dying [6]. Phe
notypically a hallmark for cortical thy
mocytes is the CD4+CD8+ double-positive 
(DP) phenotype, which is absent in PB or 
BM or any other lymphoid organ. Evidence 
for such a CD4 and CD8 DP phenotype on T
ALL blasts was called selection-related (SR). 
Similarly CD1a on lymphocytes is never ex
pressed in peripheral blood or lymphoid or
gans under normal circumstances. Intrathy
mically CD1a is almost exclusively expres
sed on cortical thymocytes and a role for 
CD 1 in T-cell selection has recently been 
postulated [2]. CD1 expression of cortical 
thymocytes preceeds expression of CD3. In 
contrast to previous studies we therefore al
ready consider> 10% cells of this phenotype 
(CDI and DP) in peripheral blood or bone 
marrow as significant for selection related 
leukemic blasts. In addition surface expres
sion of CD3 begins during selection [2] and 
is first observed on cortical thymocytes. 
Thus cases with CD3 expression were inclu-

SR 

NSR 

0.92(SE=0.04 ) 

0.59(SE=0.08) 

subgroups showed a highly 
significant differences for 
SR vs NSR (p = 0.001845). 

0 2 3 4 5 6 7 8 9 10 11 12 13 

YEARS 
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ded into the SR phenotype if there was co ex
pression of CDI or if there was evidence for 
DP blasts. They were, however, referred to as 
POS, if they expressed> 15% CD3 and were 
CDl negative. This phenotype is found on 
cells that have left the thymic cortex and mo
ved to the thymic medulla. Under physio
logical circumstances these medullary thy
mocytes/peripheral CD3+ cells express 
either CD4 or CD8. With the exception of mi
nor sUbpopulations of monocytes (CD4) 
and NK cells (CD8) CD4 and CD8 are always 
expressed concomitantly with CD3.A condi
tion (%CD4 / %CD8 = >6 or < 0.16) was in
troduced into criterion II to exclude the pos
sibility of cases with NK (CD3-CD8+ )/mo
nocyte (CD3-CD4+ ) transformation. Unsel
ected T precursor cells with the pre-selec
tion phenotype and mature selected T-cells 
with post-selection phenotype are funda
mentally different from cortical thymoctes 
and were summarized under the non-se
lection-related phenotype (NSR). It is a 
common observation that some leukemic 
blasts coexpress markers of other lineages. 
These T -ALL cases were referred to as 
My+/B+ phenotype and also accounted for 
as NSR. 

Rationale for a Novel Classification and its 
Differences to Former Classifications 

The allocation ofT-ALL subgroups based on 
the classification defined by Reinherz more 
than 15 years ago showed limited prognostic 
significance [7]. More recently Campana et 
al. have investigated TCR expression in 40 T -
ALL cases [8] in the age group from 6-65 
years. Classification by TCR was found to be 
highly specific for T-ALL and obviously the 
process of rearrangement and surface ex
pression of the T-cell-receptor most accura
tely reflects T-cell selection. However there 
was no detailed clinical and prognostic in
formation on the different subgroups. Still 
there is ample evidence that there are sub
groups of T-ALL cases with a different pro
gnosis [9-13]. We modified criteria from 
former classifications: Differential expressi
on threshold for a marker to be positive, evi
dence for CD4+CD8+ (DP ) blasts and intro
duction of a separate subgroup with aber-
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rant marker expression. Clearly our SR phe
notype is related to the intermediate or com
mon or midthymocyte phenotype, which 
constituted 20-43% of T-ALL cases in for
mer classifications [7,9,10] and was already 
connected with a favourable, but not signifi
cantly better prognosis [10]. The above 
changes have the following impact on classi
fication and outcome. 

Threshold for CDl and CD3 Expression 
In the classification used thus far more than 
20% [8,11],25% [12] or30% [9,10] expres
sion of any given marker were required for a 
marker to be positive. We lowered this 
threshold to 10% for CDla expression (SR) 
and> 15% CD3 (POS) as these markers are 
both very lineage specific and helpful in de
termination of maturational stage. It is clear 
to us that by lowering the CD3 threshold we 
increase the likelyhood of including normal 
CD3+ cells that might be present in a hetero
genous blast population. However false po
sitive expression of CD3 in our classification 
will not affect false allocation to the NSR 
group as long as the majority of blasts ex
press CDI and/or are DP. In our classifi
cation low CDl (10-30%) or CD3 (15-30%) 
expression was found in 8 SR and 3 POS 
(NSR) cases. Many of these cases would 
have been classified either as mature or as 
early in former classifications that used 
thresholds of >30% staining for a marker to 
be positive. 

Evidence for DP Blasts 
In univariate analysis CD4 and CD8 as single 
parameters confer a better prognosis in T
ALL [13]. Rather than looking at single CD4 
or CD8 expression we correlated the sum of 
percentages of CD4 and CD8 to the percent
age of CD3 cells We are aware of the fact that 
evidence for DP blasts is only indirect due to 
the lack of double-staining for DP blasts in 
the routine immunophenotyping of T-ALL. 
In 5 cases of our SR group either CD4, or 
CD8 or both were below the 30% threshold. 
In 11 SR cases there was evidence for DP 
blasts when at the same time CDI was nega
tive or not available. In the former classifica
tions these CDl-CD4+( -)CD8+( -)CD3-
cases were not included or classified as early 
thymocyte. 



Aberrant Marker Expression 
It is thought that leukemogenesis is occuring 
at distinct differentiational stages and that 
leukemic clones phenotypically reflect a dis
tinct maturational stage (frozen leukemoge
nesis, [14 D. Our classification into SR, PRS 
and POS is based on this concept. We incor
porated the fact, that in a number of T-ALL 
cases there is expression of markers (e.g., 
myeloid, B-cell) not associated with T-cell 
lineage. We call these cases T-ALL with 
My+/B+ phenotype. The definition of this 
phenotype is difficult and our thresholds for 
B-celllmyeloid markers are arbitrary. In the 
case of B-cell marker expression we cannot 
entirely rule out the possibility of' contami
nation' with normal B-cells as double stain
ing for both T- and B-cell markers was not 
performed. It seems unlikely, however, be
cause in most cases the percentages of stain
ing with T and B markers added up to 
> 100% of the blast population making coex
pression more likely than contamination. 
By our classification we find a percentage of 
cases with My+/B+ phenotype (14187= 
16%) which is less than that cited in the lite
rature (24% [15],16% [16] for myeloid coex
pression only). In a considerable number of 
SR cases (8/37) there was no staining for my
eloid markers. It can therefore not be exclu
ded that My+ cases were missed. The pro
gnostic significance of myeloid coexpres
sion in T-ALL remains controversial (15). In 
our group a My+/B+phenotype appears to 
confer a poorer prognosis, but more data on 
prospectively studied My+/B+ T-ALL cases 
are needed to confirm this observation. 

Patient Data 

Clinically one would expect that due to cell 
kinetics of cortical thymocytes and their lo
cation in the thymus children with SR T-ALL 
should present with a high leucocyte count 
and a mediastinal mass. Compared to the 
NSR group we find only a slight elevation of 
leukocyte numbers and almost the same 
number of mediastinal masses. One has to 
consider the possibility that blasts (in par
ticular PRS) might retain the ability to home 
to the thymus resulting in a similar number 
of medistinal tumors in the SR group. Fur-

ther it is conceivable-due to the possible 
biology of the SR blasts-that SR cases might 
be detected earlier in the disease course than 
the NSR counterparts resulting in similar 
leucocyte numbers at diagnosis. 

Why Should a Selection-Related Phenotype Confer a 
Better Prognosis than the NSR? 

It seems possible that a majority of T-ALL 
cases derive from this SR population either 
due to a defective control of proliferation or 
a defective process of apoptosis. It is con
ceivable that leukemic cells deriving from 
actively dividing thymocytes might be 
more susceptible to chemotherapy. Clearly 
cortical thymocytes are extremely sensitive 
to glucocorticoids [6]. In the BFM-86 trial a 
T-ALL subset with excellent prognosis 
(comparable to the SR-phenotype) was de
fined by early response to prednisone [11]. 
Furthermore cortical thymocytes express 
high levels of FAS [17]. Induction of FAS-L 
has recently been shown to be a mechanism 
(autocrine suizide) by which doxorubicin 
and MTX induce FAS-mediated apoptosis 
in T-leukemia cell lines in vitro at concen
trations that matched doxorubicin/MTX 
patient levels measured in vivo [18]. It will 
be interesting to correlate the SR phenotype 
with FAS expression. Alternative, Fas-inde
pendent pathways of apoptosis are current-
1y discovered, that might also playa role for 
the improved response of SR T -ALL to che
motherapy or might on the other hand ex
plain why in some cases there is no suffi
cient response of the leukemia to chemo
therapy. Apoptosis induced by glucocorti
coids or FAS/FAS-L mediated signals via 
chemotherapy might be more easily achie
ved in a cortical thymocyte-derived cell 
than in a clone derived from a precursor T
cell or a more mature, physiologically long
lived T-cell. To our knowledge CDI has not 
been tested in univariate analysis yet. In an 
adult series on T-ALL CDl+T-ALL showed 
a significantly better response to induction 
therapy, however not improved overall sur
vival [19]. In our data a CD 1 + phenotype 
clearly seems to confer a favourable pro
gnosis. Whether this is due to CDI expres
sion on thymocytes undergoing selection or 
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whether the molecule CDI itself has a bene
ficial function is at present unclear. Pheno
typically our pre-selection phenotype 
group (PRS) is related to the phenotypes de
fined as pro/pre/stem-cell T-ALL. It has al
ready been shown that in children [10, 19] 
as well as adults [20,21] pro/pre/stem-cell 
T -ALL is associated with a poorer prognosis 
compared to more mature T-ALL. Our data 
on the PRS phenotype is consistent with 
these observations. The post-selection phe
notype group was found to have a poor pro
gnosis. This is not surprising as membrane 
CD3 expression is known to confer a poorer 
prognosis [12]. It is possible that more SR 
cases would have relapsed if treated with a 
less intense treatment protocoll. Using more 
intensive chemotherapy recent data of the 
Childerns Cancer Group [22] and our CO
ALL treatment protocoll indicate an overall 
outcome for T-ALL that is better than in for
mer studies on T-ALL (reviewed in [23]) 
that have tried to correlate T-ALL sub
groups with prognosis. So improved overall 
outcome itself might have facilitated the re
cognition of different prognoses between 
NSRISR groups. 

Outlook 

In order to validate the results of this retro
spective analysis the classification should be 
applied to newly diagnosed T -ALL cases and 
studied prospectively. 
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Acute Leukemias with Hybrid Features in Children and Adolescents from 
the Kiev Region (Ukraine) 

o. RYJAK1, S. DONSKAYA 1, D. GLUZMAN2, S. ANDREEVA3, and I. STETZJUK1 

Abstract. From Apr. 94 to Sept. 96,41 patients 
(11 months - 18 years) with acute leukemias 
(AI) were diagnosed in Kiev Regional Hospi
tal using immunocytochemical [29] and/or 
cytogenetic [23] methods. Two patients 
showed "hybrid" immunophenotype: the 
first presented B-ALL with expression of the 
two myeloid markers CD 14 + and CD 15+. The 
second had phenotype CDI4+, Cd33+, 
CD34+, CDS+, CD38+, CD45RA +, and cytoge
netic analysis showed the presence of 3 clo
nes: t [2; 11] (q33; q13) / t [2; 11] (q33j q13), 
del [16] (q22) / V'> 4nj the patient suffered 
very early relapse. Another patient, initially 
diagnosed as ALL with phenotype HLA
DR+,CDlO+, CD7+,CDl5+,had del [20] (qlj 
q13) which persisted also in CCR. Another 
two children showed discrepancy between 
the morphocytochemically established dia
gnosis and the result of immunophenoty
ping: in a case of MSa HLA-DR+, cyCD7+, 
CDlS+, in an ALL-case HLA-DR+' CD45RA +, 
CD 15+ .ALL-specific cytogenetic abnormali
ties were registered in 2 cases of AML: 
t(11jI4} (p13jqll) in MSa and del (6) (q27) 
in M5b. AML-spezific aberrations were seen 
in 4 cases of ALL: del (16) (q22}j del [2] 
(p23}j t [15, 17] (q22j ql1), t [6j 11] (q27j 
q23}.Among 6 cases with atypical karyotype 
5 had cytogenetic marker of induced disease 
(V'>3n, V'>4n, 6q-/V'>4n, (17), and 4 patients 
were resistant to therapy or suffered early 
relapses. Thus, the incidence of "hybrid" fea
tures among 41 non-selected AL-patients 

was 31 % (13 cases). This unusual frequency 
in patients from the Kiev Region could be a 
result of the Chernobyl catastrophe. 

Introduction 

According to data of different therapeutical 
studies the incidence of hybrid leukemias 
are about 10% of total cases of acute leuke
mias [1,2,3]. It is supposed that the initial 
malignant transformation in these cases ta
kes place in the hematopoietic stem cell [4]. 
Comparatively bad results in treatment pati
ents with hybrid leukemias have been re
ported by some authors [2,5]. Attempts to 
develop special chemotherapeutical proto
cols for leukemias with hybrid features have 
not yet improved the survival of patients, 
therefore they need allogeneic bone marrow 
transplantation in first remission. 

In response to their standard chemo
therapy, hybrid leukemias are similar to in
duced or secondary leukemias. It may be 
that their development is also caused by exo
genous leukemogenous factors including 
ionizing radiation [6]. 

At present no conventional classification 
of hybrid leukemias exists because the crite
ria of "hybrid" nature have not yet been 
standardized [7]. 
The aim of this study was to evaluate: 
1. The incidence of "hybrid" features in im

munophenotype and karyotype in blast 

1 Dept. of Ped. Oncohematology, Regional Hospital, Kiev 
2 Dept. of Immunocytochemistry, lnst. of Exp. Pathology, Oncology and Radiobiology, Kiev 
3 Cytogenetic Laboratory, lnst. of Hematology, Kiev, Ukraine 
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cells of children and adolescents with 
acute leukemias from the Kiev region 

2. Possible prognostic significance of these 
features. 

Material and Methods 

Patients 

Forty one non-selected patients with aver
age age 6.9 years (range 11 months - 18 
years; 17 female, 24 male) with acute leuke
mias diagnosed at the pediatric oncohema
tologic department in Kiev regional hospital 
from April 1994 to October 1996 were in
cluded in the study. 

The diagnosis of ALL and AML variants 
was based on the morphologic and cytoche
mical criteria according to FAB classifica
tion [8,9]. 

Patients with diagnosed non-B-cell-ALL 
were treated according to protocols ALL
GPLU-93, -95 (modifications of protocols 
ALL-BFM-90 and -95); children with B-cell
ALL received chemotherapy according to a 
modified NHL-BFM -90 protocol; patients 
with diagnosed AML were treated by a mo
dified protocol AML-BFM-93. Patients with 
proven hybrid features of blast bells received 
initial chemotherapy in accordance to 
dominative immunophenotypical and/or 
cytogenetic signs. 

Immunophenotyping 

Bone marrow cells were separated on a Fi
coll-hypaque gradient. Cell surface antigens 
were detected by standard indirect immuno
fluorescence and/or immunocytochemical 
methods using the representative panel of 
monoclonal antibodies for the clusters of 
differentiation (CDla; CD2; CD3; CD4; CDS; 
CD7; CD8; CD9; CDlO; CDl3; CDl4; CD15; 
CDI9; CD20; CD22; CD24; CD32; CD33; 
CD34; CD38; CD45RA; CD45RO; CD61; 
CDw65; CD71; HLA-DR; GLY-A; TDT) defi
ned by the VIth International Workshop of 
human leukocyte differentiation antigens 
(Kobe, Nov. 1996). Leukemic cells were also 
tested for surface (sIg) and cytoplasmic im
munoglobulin (cyIg). Immunocytochemical 

labelling was performed by immunoperoxi
dase (PAP technique) and/or immunoalcali
ne phosphatase (APAAP technique). 

Cytogenetic Investigation 

Chromosome analysis was carried out on 
unstimulated bone marrow cells which were 
incubated in RPMI 1640 and 20% FCS for 
24 h culture. The cell suspension was brought 
to hypotonicity with KCl (20 min) and fixed 
in methanol-acetic acid (3:1). Then the sus
pension was washed four to five times. The 
cells were pipetted onto cold wet slides to 
spread metaphases. G-banding was done 
after a tripsin pretreatment (1-3 s) 7 days 
later. The subsequent karyotyping followed 
the recommendations ofISCN (1991). 

Results 

Among 41 patients, 30 (73%) were initially 
diagnosed as ALL and 11 (27%) asAML. 

In ALL, 9 children (30%) had hybrid fea
tures such as aberrant expression of surface 
markers and/or typical for AML karyotypic 
abnormalities. Aberrant immunophenoty
pe was found in 6 patients with ALL: coex
pression of one myeloid antigen in 3 chil
dren (cases 2,4 and 5); two or more myeloid 
antigens in 3 (cases 1,3,8). In one of these 
cases, initial lymphoid phenotype with ty
pical for AML del (16) (q34) was replaced by 
myeloid phenotype at the time of very early 
relapse (6 months after achieving remis
sion). In general, combinations of karyoty
pic abnormalities, typical for AML, with 
aberrant expression of myeloid antigens 
were registered in 3 cases (1,2 and 3). In case 
number 1 very early relapse (after 6 months 
remission) was also seen. A patient with 
ALLILl (case 2), co-expression CD15 and 
del(20) in karyotype was transfered from 
ALL-treatment to AML-protocol and is sta
ble in CCR (> 1.5 years). 

Two children with B-cell ALL also had 
blasts with hybrid features: one patient (case 
8) revealed coexpression of CD14 and CDI5; 
the second (case 9) had two translocations in 
the same cells, t [8,14] and t [15, 17]. In both 
cases, blasts had typical L3 morphology but 
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did not express sIg. Both patients have been 
in stable remission for > 1.5 years. 

In cases 4,5,6 and 7, patients are in stable 
remission from 1 to 2 years after standard 
ALL-therapy. 

In AML 4 patients had hybrid features: 
two revealed co expression oflymphoid anti
gens (bases 10 and II) and two were typical 
for ALL cytogenetic abnormalities (cases 12 
and 13). These hybrid features in cases 11 
and 12 were seen only in relapse. 

One child with AML/Ml (case II) was res
istant to standard induction course and, in 
relapse after 6 months of remission, leuke
mic cells had co expression of 4 lymphoid 
antigens. 

In case 12, during the 4 week after induc
tion, the patient had persistent enlargement 
of tonsilla, hepar and spleen; after 2 months 
he achieved combined relapse (bone mar
row + CNS + lymphnodes + skin) and cyto
genetic investigation revealed typical T-ALL 
t [11; 14]. 

One patient (case 13) died before protocol 
treatment and the last one (case 1O) is in sta
ble remission (> 1.5 years). 

Table 1. Cases of acute leukemias with hybrid features 
(FAB-ALL) 

Patients Immunophenotype 
FAB-AL 

Case 1 CD34+, CD33+, CD14+, CDS+, 
ALLLl CD38+, CD4SRA + 

Case 2 HLA-DR+,CDlO+,CD7+,CD1S+ 
ALLLl Not made 

Case 3 Initial: HLA-DR+,CD19+ 
ALL Ll!L2 In relapse: CD34+, CD33+, 

CD13+,CD1S+,CD4+ 

Case 4 HLA-DR+, CD4SRA +, CDlS+ 
ALLL2 

CaseS CD34+, CD33+, CD38+, 
ALLLl CD4SRA +, CDlO+ 

Case 6 Not made 
ALLLl 

Case 7 HLA-DR+,CD19+,CDlO+, 
ALLLl CD3+,CD40+ 

Case 8 HLA-DR+,CD4S+,CDlO+' 
ALLL3 CD14+, CDlS+, CD19+, sIg 

Case 9 HLA-DR+,CD19+,CDlO+, 
ALLL3 sIg 
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In general, aberrant immunophenotype 
was revealed in 8 patients from 29 immuno
phenotyped bases (27.6%). A discrepancy 
between type of leukemia and variant of 
karyotypic abnormaly was seen in 8 chil
dren from 23 who underwent cytogenetic 
investigation (34.8%) Seven patients from 
11 with hybrid features and cytogenetic ab
normalies also had karyotypic markers of 
induced leukemia (Table 1,2). 

Thus, hybrid characteristics were regist
ered in 13 children (31.7%) among 41 pati
ents with acute leukemias. Eight from 13 
(61.5%) are in CCR from 1 to 2 years; 4 had 
early relapse (3 of them were partially res
istant to induction therapy); 1 died before 
intensive treatment. 

(ase9 

The patient, a 4-year-old girl, was admitted 
to the hospital in June, 1995 due to fever, 
hepatosplenomegaly, generalized lympha
denopathy. In peripheral blood severe 
anemia (hb 3,2 gil), thrombocytopenia 

Karyotype 

46;XY, t(2; ll) (q33; q13)! 
46,XY, t (2; ll) (q33; q13), 
del (16) (q22)! V">4n 

Initial: 46, XY, del (20) (qll; q13) 
In remission: 
46,XY,del (20) (qll; q13)! 
92,XXYY 

46,XY !46,XY,del (16) 
(q22)! V">4n 
Not made 

46, XX!V">4n 

Not made 

46, XY, 46, XY, del (2) (p23) 

46,XY, t(6; ll) (q27; q23)!-4n 

Not made 

46, XX, t (8; 14) (q24; q32), 
t(lS;17)(q22;q11) 



Table 2. Cases of acute leukemias with hybrid features 
(FAB-AML) 

Patients 
FAB-AL 

Case 10 
AMLM5a 

Case 11 
AMLM1 
Auer+ 

Case 12 
AMLM5a 

Case 13 
AMLM5b 

Immunophenotype 

HLA-DR+,cyCD7+,CD15+ 

Initial: not made 
In relapse: HlA-DR+, CD64+, 
TR+,CD7+,CD38+,CD19+,CD56+ 

HLA-DR+, CD33+, CDl5+ 
Not made 

Not made 

(29000/mkl},leukocytes 12400/mkl and 6% 
blasts were registered. Bone marrow punc
ture showed nearly 100% blasts with L3 
morphology and positive PAS reaction. The 
conclusion after immunocytochemical ana
lysis was "common-ALL" (immunophenoty
pe see Table l). Cytogenetic investigation re
vealed the presence of two abnormalities at 
the same clone: t (8; 14) and t (ls; 17). 

The treatment was begun according to the 
NHL-BFM-90 protocol (arm B-NHL/ALL) 
with very good clinical response to prephase 
with cyclophosphamide, vincristin and 
prednison. Then the child was taken out of 
the department by the parents, who refused 
further protocol treatment. From July, 1995 
the patient received no intensive chemo
therapy, only short courses of low-dose 
ARA-C, but no signs of leukemic prolifera
tion have been seen to the present. 

In our opinion, the specific features of this 
case are: 
- discrepancy in data from cytomorpho

chemistry, immunophenotyping and 
cytogenetic investigation; 

- lack of dic despite presence of t (ls; 17); 
- favourable clinical course, which could be 

connected with the presence of t (lS; 17) 
as a factor for promoting cell differentia
tion. 

Karyotype 

26-32-42 

46, XX, t (9,22) (q34; q11) 
Not made 

Initial: 46,XY,i (17q)/~3n/46,XY, 13? 
In relapse: 
46,XY/~3n/51,XY,+5,+8, 
+ 12,+ 16,+ 17,+ 18, +20,+21 
-7,-9,-13, 
t (11, 14) (p13; q11) 

45, XY, del(6) (q27)/~4n 

Discussion 

The incidence of hybrid features in our 
group of patients with acute leukemias is 
high in comparison with reports from other 
centers (l, 2, 3): aberrant coexpression of 
surface markers and/or presence of cytoge
netic abnormalities not corresponding to 
the cell line were seen in 31. 7%. 

The hybrid type of acute leukemia was not 
always combined with bad response to stan
dard chemotherapy and/or early relapse, so 
the data on the prognostic significance of 
these features in our series of cases are con
troversial, despite the fact that some patients 
with proven hybrid character of disease 
were partially/completely resistant to thera
py or suffered very early relapses, as was also 
reported by different authors [1,2,4,5,10]. 

Patients with hybrid leukemias in 7 of 11 
cases had additional karyotypic signs of in
duced disease; remembering the fact that 
they came from regions of Chernobyl cata
strophe, we could suppose the role of indu
cive factors (especially ionizing radiation) in 
the development of hybrid acute leukemias, 
but, of course, these data are preliminary be
cause of the small number of cases in our 
study. 
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CD9S(Fas/APO-1) Antigen Expression on the Cells of Myelodysplastic 
Syndromes, Acute Myelogenous Leukemia, and Chronic Myelogenous 
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Abstract CD95(Fas/APO-l) antigen is a 
member of TNF/NGF receptor superfamily 
that includes the TNF-RI and TNF-RII 
tumour necrosis factor receptors, nerve 
growth factor receptor, the T-cell activation 
marker CD27, the Hodgkin disease-associa
ted antigen CD30, B-cell surface antigen 
CD40 and some other mammalian and viral 
homologues. In this study we analyzed the 
expression of CD95(Fas/ APO-l) antigen on 
bone marrow cells of myelodysplastic syn
drome patients (MDS), on peripheral blast 
cells of acute myelogenous leukemia pati
ents (AML) and bone marrow and peri
pheral blood cells of chronic myelogenous 
leukemia (CML) patients in chronic phase 
(CP) and blastic crises (BC).Antigen expres
sion was studied by indirect immunofluor
escence assay using flow cytometry (FACS
can, Becton Dickinson) and apoptosis was 
investigated using flow cytometric method 
of measurement of hypodiploid DNA, labe
led with propidium iodide. CD95(Fas/APO-
1) antigen was found on 38.1±19.2% bone 
marrow cells of 8 of 19 (36.8%) MDS pati
ents, on 45.5±22.8% of blast cells in 6 (45%) 
of 15 AML patients, Fas/ APO-l antigen was 
totally absent in CML chronic stage; and its 
expression was found in 34% (12 of 35) of 
our patients with CML BC on peripheral 
blood blasts and in 45% (5 of 11) on bone 
marrow blasts. According to our data at stu
ding the expression of CD95(Fas/APO-l) 

antigen in MDS patients we suggested that 
the absence of CD95(Fas/ APO-l) antigen on 
bone marrow cells of MDS patients is an un
favourable sign and CD95- MDS patients re
present a risk group for both short overall 
survival and progression to acute leukemia. 
In AML patients we also noted a negative in
fluence of CD95(Fas/APO-l) absence on 
overall survival, though this conclusion 
needs to be confirmed. In the case of CML 
BC patients remissions were achieved in the 
lymphoid and mixed variants. No remissi
ons were obtained in CD13+ and CD95+ 
groups regardless of CDlO expression. Fas 
antigen has no prognostic value in CML Be. 

Introduction 

CD95(Fas/APO-l) antigen was independent
ly discovered by two laboratories which used 
monoclonal cytolytic antibodies for a variety 
of human cell lines. They observed a very 
distinct pattern of cell death [1,2]. 
CD95(Fas/ APO-l) antigen is a member of a 
superfamily of proteins that includes the ner
ve growth factor receptor, the tumour necro
sis factor receptors I and II (TNF-RI and 
TNF-RII), the OX-40 antigen and the CD27, 
CD30 and CD40 glycoproteins [3]. 
CD95(Fas/ APO-l) antigen can mediate 
apoptosis of various human cells, T- and B
lymphoblastoid cells and diploid fibroblasts. 

1 Cancer Research Center of Russian Academy of Medical Sciences, Moscow, Russia, 
2 National Research Center for Hematology of Russian Academy of Medical Sciences, Moscow, Russia 
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With the help of monoclonal antibodies 
(Mabs) the CD95(Fas/APO-1) antigen was 
found in a wide variety of normal and 
tumour cells, but the information concerning 
the expression of CD95(Fas/APO-1) antigen 
on leukemic cells is very contradictory. It has 
been reported in the materials of the 5-th In
ternational Workshop and Conference on 
Differentiation Antigens of Human Leuk
ocytes that neoplastic cells from most pa
tients with acute lymphoblastic leukemia, 
acute myelogenous leukemia, chronic lym
phocytic leukemia, chronic myelogenous 
leukemia and multiple myeloma appear to 
lack CD95(Fas/APO-1) antigen [3]. However, 
approximately 30% of cases of acute myelo
genous leukemia and other leukemias, ex
amined by Munker et.al., expressed the Fas 
antigen [4]. Min et.al. suggested that low ex
pression ofFas antigen in bone marrow blasts 
was associated with a low complete remission 
rate after induction chemotherapy [5]. 

In this report we analyzed the expression 
of CD95(Fas/ APO-1) antigen on bone mar
row cells in patients with myelodysplastic 
syndromes (MDS), on peripheral blast cells 
in acute myelogenous leukemia (AML) and 
on the cells in patients with chronic myelo
genous leukemia(CML) in chronic phase 
and blastic crises. We also assessed prognos
tic significance of the CD95(Fas/ 
APO-1) antigen expression. 

Materials and Methods 

Monoclonal Antibodies. For evaluation of 
CD95(Fas/ APO-1) antigen expression and 
immunophenotyping of blast cells, the fol
lowing monoclonal antibodies (Mabs) 
against cell surface antigens were used (Ta
ble 1). 

Anti-CD95 mouse Mabs IPO-4 were char
acterized at Fifth International Workshop 
and Conference on Human Leukocyte Dif
ferentiation Antigens. Mabs against human 
leukocyte differentiation antigens gave the 
opportunity to characterize various differ
entiation stages of blast cells from haemato
poietic precursors to the mature cells. Each 
marker was regarded as diagnostically 
valuable if it was detected on 2': 20% of the 
cells. 
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Table 1. Monoclonal antibodies used in the study. 

Antibody Antigen Main distribution 

lPO-4a, lCO-160b CD9S Broad expression 
lCO-llSb CD34 Progenitor cells 
Anti-CD33c CD33 Myelomonocytic 

progenitors 
My32 CD13 Myelomonocytic 

progenitors 
My1C CDlS Myeloid cells 
Anti-CD14c CD14 Monocytes 
lCO-124b CD10 Lymphoblastic cells 
lCO-1 b HLA-Dr HLA-Dr 
lCO-1S0b CD24 B cells, granulocytes 

a Mabs kindly provided by Dr D.Gluzman. 
b Mabs kindly provided by Medbiospectr, Moscow, 
Russia. 
c Mabs kindly provided by Dr I.Irishman, Johns 
Hopkins Oncology Center, Baltimore, USA. 

Immunofluorescence Assays. Antigen ex
pression was studied by indirect surface im
munofluorescence assay on freshly isolated 
cells using flow cytometry (FACScan, Becton 
Dickinson). Blood and bone marrow sam
ples were isolated by sedimentation in 1 % 
gelatin solution for 45 min at 37°C and leuk-
0cytes were resuspended in 0.5 ml of lysing 
solution (Becton Dickinson) for total lysis of 
erythrocytes, then washed three times in 
phosphate-buffered saline (PBS) and resus
pended in PBS. 

Indirect Immunofluorescence Technique. 
With 20 fll of monoclonal antibodies 
(Mabs) 5 X 105 cells were incubated at 
room temperature for 30 min. After one 
washing with PBS they were stained with 20 
fll FITC-conjugated sheep antiserum 
against mouse immunoglobulins for 30 
min at 4°C. After that the cells were washed 
twice and resuspended in PBS with 1 % for
malin and 0.1 % sodium aside to be tested 
for reactivity by indirect immunofluores
cence. 

Two-colour Immunofluorescence. Analysis. 
Two-colour flow cytometry analysis was 
performed using a combination of Mabs 
IPO-4 and isotype-specific anti-mouse IgM 
FITC-conjugate (Sigma) and then the se
cond Mabs directly conjugated with phyco
erythrin(PE) (CD34PE). 



Measurement of Apoptosis. Apoptosis was as
sessed with the cytofluorometric analysis of 
hypodiploid DNA-labeled with propidium 
iodide (PI); 2 X 105 cells were washed in PBS 
and resuspended in 70% ethanol for 1 h, after 
that they were centrifuged at 500 rpm for 7 
min. Then the cells were resuspended in 1.0 
ml of hypotonic fluorochrome solution (5 
Ilglml PI, 0.1 % sodium citrate, 0,1 % Triton 
Xl OO). After gentle mixing, cells were incuba
ted at room temperature for 15 min. in the 
darkness. The PI fluorescence of stained 
DNA was measured with FACScan without 
further washings. FACS settings were desi
gned to identify a distinct hypodiploid DNA 
region below the diploid GO/G 1 DNA peak. 

Cell Treatment. To evaluate apoptosis, the 
cells were incubated in standard medium 
RPMI -1640 (Flow Laboratories), containing 
2 mmo1!1 glutamine, 1 mg/ml gentamycin, 
20% fetal calf serum in the presence of 10 
Ilg/ml Mabs IPO-4 or ICO-160 for 24 h at 
37°C in 5% CO2, 

The expression of CD95(Fas/ APO-l} anti
gen was studied on bone marrow cells of 19 
MDS patients, peripheral blood and bone 
marrow blast cells of 15 acute myeloid leuk
emia (AML) patients, blast cells and granu
locytes of 68 patients with chronic myeloid 
leukemia (CML) - 24 in chronic, 9 in acceler
ated phase and 35 in blastic crises (BC). 

CD95(Fas/APO-l} antigen was revealed 
on bone marrow cells of 8 out of 19 (36.8%) 
MDS patients; the percentage of antigen-po
sitive cells was 38.1±19.2%. CD34 antigen, a 
stem cell marker, was expressed on 18% of 
antigen-positive cells in 7 of 19 patients stu
died. We found no statistically significant 
correlation between CD95(Fas/APO-1) and 
CD34 or between CD95(Fas/APO-l} and 
CDllb antigens. 

According to presence or absence of 
CD95(Fas/ APO-l} antigen on bone marrow 
cells, all MDS patients can be divided into 2 
groups. In the CD95+ group the antigen was 
revealed on 38.1±19.2% cells. According to 
FAB classification, this group included 5 pa
tients with refractory anemia (RA), 1 patient 
with RA with excess of blasts (RAEB) and 2 
patients with RAEB in transformation (RA
EBt). The CD95- group consisted of 3 RA pa
tients, 3 RAEB, 3 RAEBt and 2 patients with 

chronic myelomonocytic leukemia 
(CMML). In all except one CD95- patients at 
the beginning of the disease or during the 
follow up time the percentage of blast cells 
increased up to 10-25%, and 2 patients deve
loped frank AML. At present 87% patients of 
the CD95+ group are alive (survival duration 
from 6 to 49 months, median not reached), 
while only 18% patients of the CD9S- group 
are alive (median survival 16.7 months). No 
correlation between CD95(Fas/APO-l} anti
gen expression and age, FAB variant and 
CD34 expression was found. Therefore, we 
can speculate that the absence of 
CD95(Fas/APO-l} antigen on bone marrow 
cells of MDS patients is an unfavorable sign 
and CD95- MDS patients represent a risk 
group for both short overall survival and 
progression to acute leukemia. 

The study of immunological phenotype 
of AML blast cells included the CD34, CD33, 
CD13, CDllb, CD15, CD24, HLA-DR anti
gens expression; in all cases we also studied 
the expression of CD95(Fas/APO-l} anti
gen. CD95(Fas/ APO-l} antigen was revealed 
on 45.5±22.8% of cells in 6 (45%) of 15 AML 
patients. We have revealed a significant cor
relation between CD34 and CD95(Fas/APO
l} both on peripheral blood (r=0.54,p<0.05) 
and bone marrow blast cells (r=0.85, 
p<O.01). We have also found a correlation 
between the expression of CD95(Fas/ APO-
1) and CD33 (r=0.58) and CD95 (Fas/APO
I) and CD 13 (r=0.55), but it was not signifi
cant because of the small number of patients 
under observation. There were no correla
tion between CD95(Fas/APO-1) and CD15 
and between CD95(Fas/APO-1) and CDllb 
antigens representing further stages of my
eloid cells differentiation. We have also tried 
to divide all AML patients in accordance 
with CD95(Fasl APO-l} antigen expression. 
The CD95+ group included 6 patients, 
among them 3 patients with FAB variant M2, 
1 with Ml, 1 with M3 and 1 with M4. In this 
group complete remission was achieved in 3 
(50%) of 6 cases and at present the median 
remission duration is not achieved (life 
duration 2, 7, and 26 months); 50% of pa
tients in this group are alive, median survi
val 3 months. The CD95- group consisted of 
9 patients, among them 3 patients with M2, 3 
with Ml and 3 with M4. Complete remission 
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was achieved in 6 (66.7%) of9 patients, me
dian remission duration 11 months. At pre
sent 88% patients have died (median survi
val7 months). Comparing CD95+ and CD95-
groups, one can see that percentage of com
plete remissions is approximately equal, but 
in the CD95+ group 3 patients remain in 
complete remission, while in CD95- only 1 
and the others have relapsed. Thus we can 
suggest a negative influence of 
CD95(Fas/APO-l) absence on overall survi
val, though this conclusion needs to be con
firmed. 

Fasl APO-l antigen was totally absent in 
CML chronic stage; its expression was found 
in 34% (12 of 35) of our patients with CML 
BC on peripheral blood blasts and in 56% (5 
of 9) on peripheral blasts CML accelerated 
phase patients (Table 2). 

In the present study we have found that 
Fas-antigen, expressed on the CML BC blast 
cells is functionally active, that is proved by 
results of apoptosis induction by Mabs ICO-
160 and IPO-4 against CD95(Fas/APO-l) 
antigen using flow cytometric method of 
measurement of hypodiploid DNA, labeled 
by propidium iodide. The percentage of 
apoptosis, induced by Mabs in 
CD95(Fasl APO-l )-positive, cultivated with 
Mabs (10 mg/ml) for 24 h, cells of 6 of 7 CML 
BC patients was 17-60% (Fig. 2). 
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Fig. 1. Overall survival of 
MDS patients, according 
to CD95(Fas/APO-l) anti
gen expression 

There was a slight tendency to a decrease 
of this antigen expression after polychemo
therapy (41 % in "primary" vs. 31 % in pre
treated patients in peripheral blood and 50% 
vs. 40% respectively in bone marrow), but the 
difference was not significant (p>0.05). 

We also studied the associations of 
CD95(Fas/APO-l) antigen and other differ
entiation antigens and found a direct corre
lation between the percentage of CD34+ and 
CD95(Fas/APO-lt cells both in peripheral 
blood (r=0.44, p=0.05) and bone marrow 
(r=0.83, p<0.05) of newly diagnosed CML 
Be. With the use of the two-color immuno
fluorescence we have shown that these anti
gens are coexpressed on the part of cells 
(Fig.3). 

Table 2. Fas-antigen expression at different stages of 
myeloid cells maturation in chronic myelogenous 
leukemia 

Cells Fas-positive Total number Frequency 
patients of patients 

Mature 0 
granulocy'tesa 

Blast cellsb 5 
Blast cells' 12 

a in chronic phase 
b in accelerated phase 
C in blastic phase 

24 

9 
35 

0% 

56% 
34 % 



Control 

Fig.2 

More detailed search revealed a significant 
correlation rate (r=0.7, p<O.Os) in peri
pheral blood of CDlO- untreated patients. 
Besides C034, CD9s(Pas/ APO-I )-antigen 
also correlated with CDl3 and CDI4 (r=0.48 
and r=0.47, p<O.Os), but not CDIs and 
CD 11 b. We have also found a strong positive 
correlation between CD9s(Pas/ APO-l) and 
CD 1 0 in bone marrow (but not in peripheral 
blood) of "primary" patients (r=0.82, 
p<O.Os). In patients, who have already recei
ved polychemotherapy, there was no signifi
cant correlation (r=-0.47,p>0.Os). 

Remissions in CML BC are infrequent. We 
have obtained only 5 (3 complete and 2 par
tial) remissions in our patients. All of them 
were achieved in the lymphoid and mixed 
variants. The phenotype of these patients 
was CDlO+CD13-Pas-. No remissions were 
obtained in CD13+ and CD9s+ groups re
gardless of CDIO expression; CD34 expres
sion had no influence on survival (4 vs. 3 
months, p>O.Os). In the mixed variant (i.e. 
positive for both CDIO or CD22 and one or 
more of the myeloid antigens), where 6 of 9 
patients were CD9s-positive, the remissions 
were obtained only in Pas-negative sub
group. Surprisingly, the median survival in 
the Pas+ and Pas- patients was nearly equal: 
3.5 vs. 3 months in the whole group, and 8 vs. 
9 months in the CDlO+ patients (all differ
ences not significant). Only CDlO-positivity 
had prognostic significance for the survival 
in CML BC (8 vs. 3 months, p<O.Os). Inter
estingly, the CDlO+ group had also signifi-

Apoptosis induction by anti-CD95 Mabs 
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candy shorter acceleration phase (0 vs. 3.5 
months,p<O.Ol) (Table 3). 

Discussion 

The study of the expression of 
CD9s(Pas/ APO-l) antigen, mediating 
apoptosis on early hemopoietic precursors 
has shown that this antigen is absent on the 
primitive CD34+ stem cells, but is found on 
the CD34+ stem cells, activated by inter
feron-gamma and/or tumour necrosis fac
tor-alpha [6]. We have shown before that 
both CD34 and CD9s are expressed on the 
blast cells in the CML BC [7]. In the present 
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Table 3. Median survival and remission rate of CML BC patients, according to antigen expression. 

Variant Patients 
Total Followed-up 

CDlO+ l3 10 
CDlO- 18 16 
CD34+ 16 15 
CD34- 14 12 
Fas+ 11 10 
Fas- 20 19 
CDl3+ 9 7 
CDl3- 19 16 
CDlO+Fas- 7 6 
CDlO+Fas+ 5 4 

• p<0.05 
b Median not reached 

study we have shown that these antigens also 
are coexpressed on the myeloblasts from pa
tients with AML. The frequency of expres
sion CD95(Fas/APO-l) antigen were the 
same in newly diagnosed CML BC and AML, 
41 and 45%, respectively. The frequency of 
CD34 antigen expression was in "primary" 
CML BC was 55% and 36% in AML. Double 
staining procedure has shown that both an
tigens coexpressed on the same cells. The ex
pression of CD95(Fas/APO-l) antigen on 
the blast cells from patients with CML BC 
correlated also with the expression CD13 
and CD14, but not CD33 antigens. In con
trast, in AML the expression 
CD95(Fas/APO-l) antigen correlates with 
the expression of CD33 and CD13 antigens. 
There was no correlation between 
CD95(Fas/APO-l) and CDl5 and between 
CD95(Fas/APO-l) and CD11b antigens re
presenting further stages of myeloid cells 
differentiation. The analysis of Fas expres
sion according to FAB-classification has 
shown that it was rarely seen in M1 variant, 
corresponding to more earlier stages of dif
ferentiation and was more frequently found 
in M2 variant. CD95(Fas/APO-l) antigen 
was not expressed on granulocytes of pa
tients with CML in chronic stage of the di
sease. Therefore, CD95(Fas/APO-l) antigen 
is present only at early myeloid cells diffe
rentiation stage (late CD34+ and CD33+1 
CD13+) and is absent at later stages. The 
CD95(Fas/APO-l) antigen on blastic cells 
from patients with CML BC and AML is 
functionally active. Mabs against 
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Remissions Median survival 
completelpartial CP AP BC 

312 22.0 0.0' 8.0' 
010 27.0 3.5 3.0 
2/1 25.0 1.0 4.5 
110 12.0 1.0 3.0 
010 30.0 4.0 3.0 
3/2 21.0 0.5 6.0 
010 10.0' 0.5 3.0b 

2/1 24.5 3.5 5.0 
3/2 24.0 0.0 9.0b 

010 15.5 2.0 5.0 

CD95(Fas/APO-l) are inducing apoptosis in 
positive cases. So, it is possible that 
CD95(Fasl APO-l)-mediated apoptosis is 
the part of differentiation process on some 
discrete stages of differentiation of myeloid 
cells. 

The CML BC is heterogeneous by 
immunophenotype of blast cells and is re
presented by cells of different lines and at 
different stages of differentiation - myeloid, 
monocytic, lymphoid, erythroid, mega
karyocytic. We have previously described 
different immunological variants of CML 
BC - lymphoid (positive for 1 or more of 
lymphoid antigens (CDlO, CDI9, CD20, 
CD22) and negative for all of myeloid (CD33, 
CD 13, CD 14, CDl5, CD 11 b)), myeloid (posi
tive for 1 or more of myeloid antigens and 
negative for all of the lymphoid), mixed (po
sitive for 1 or more of both lymphoid and 
myeloid antigens), primitive (expressing 
only CD34) and undifferentiated (expres
sing no differentiation antigens) [8]. The 
highest frequency of Fas-antigen expression 
was found in mixed variant, which probably 
represents the partially committed bone 
marrow precursors. In less differentiated va
riants (primitive and undifferentiated) Fas
positivity was less frequent (25% vs. 67%, 
p>0.05), as well as in more differentiated 
lymphoid and myeloid variants (28% vs. 
67%, p>0.05). (Table 4). In patients with 
AML, which represents the next differentia
tion stage we have found that Fas antigen is 
expressed in 40% of cases (it correlates with 
published data). 



Table 4. Fas-antigen expression in different immunologic variants of CML BC. 

Variants Number of 
patients 

Lymphoid 5 
Myeloid 11 
Mixed 9 
Undifferentiated 4 
Primitive 3 
Total 32 

We have also estimated the prognostic value 
of Fas-antigen expression. Our data about 
overall survival of CD9S+ MDS patients sug
gest that the presence of Fas antigen is a fa
vourable prognostic sign for patients with 
MDS. The patients from CD9S- group repre
sent a risk group both for survival and AML 
transformation. In the AML patients we can 
also suggest an unfavourable influence of 
Fas-antigen absence on overall survival, 
though this hypothesis needs further confir
mation, because the results of Munker et. al. 
[6] indicate that Fas positivity in patients 
with AML had no obvious clinical relevance. 
The same tendency of survival prolongation 
was described [9] in 27 ALL children, stu
died in 1988. Median survival in patients 
with Fas-positive blast cells was 96 months, 
while in others only 18 months. At present 
91.2% of children in Fas-positive and only 
16.2% in Fas-negative group are alive. In this 
group there was a direct correlation (r=0.56) 
between expression of Fas and CDlO anti
gens. Conversely, in CML BC group the sur
vival does not depend upon Fas-antigen ex
pression. 
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Abstract. The secondary hematologic disor
ders consist of the progressive appearance of 
increasingly abnormal marrow cell popula
tions with increasingly abnormal hemo
poiesis culminating in the appearance of se
condary acute myelogenous leukemia. At the 
biological level the secondary hematologic 
disorders result from the accumulation of 
molecular genetic lesions which confer a 
proliferative advantage on a stem cell and its 
progeny which in turn results in the succes
sive overgrowth of increasingly abnormal 
monoclonal cell populations. We have iden
tified 4 of 15 female patients cured of lym
phoma by intensive cytotoxic therapy as 
having monoclonal hemopoiesis. Despite 
the presence of normal peripheral blood 
counts, the bone marrows of the 3 patients 
who were studied intensively manifested 
evidence of grossly abnormal hemopoiesis. 
We have named this state of normal blood 
counts in combination with monoclonal 
hemopoiesis in patients previously exposed 
to hemopoietic toxins "preMDS." This 
"preMDS" state either represents an earlier 
stage of the secondary hematologic disor
ders or represents a transient preclinical 
manifestation of myelodysplasia. Longitudi
nal patient follow up is needed to distin
guish between these two possibilities. 

Introduction 

The secondary hematologic disorders 
(SHD), myelodysplasia and the acute my-

elogenous leukemia which evolves from 
MDS (sAML), are the end stages of a pro
cess which is initiated by a genotoxic insult 
to the marrow stem cell. The earliest clini
cally recognized state, MDS, is a complex 
state which may be characterized by cyto
penias of one or more cell lineages, together 
with hyper, hypo, or normocellular bone 
marrow with morphologic evidence of dif
ferentiation abnormalities. Further, at the 
laboratory level MDS can be associated 
with no apparent or with complex cytoge
netic abnormalities, and a variety of mole
cular genetic lesions, and with a reduced 
capacity of marrow cells to proliferate in 
vitro. The highly complex nature of MDS 
suggests that there should be one or more 
steps distal to the genotoxic insult but pro
ximal to clinically apparent MDS during 
the evolution of SHD. 

Detection of a "PreMDS" State 

The Cardif group studied a cohort of "hem a
tologically normal" individuals who had 
been cured oflymphoma by means of inten
sive cytotoxic therapy. This group reported 
the presence of ras and fms mutations in 13-
16% of the patients studied [1, 2] and also 
that monoclonal hemopoiesis was present in 
as many as 20% of the patients [3]. It should 
be noted that the bone marrows of the pati
ents who were studied apparently were not 
examined nor were the "normal" hematolo
gic parameters described in the papers. 

Rush Cancer Institute, 1725 W. Harrison Street, Suite 809 - PBI, Chicago IL 60612 
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We recently investigated a comparable 
group of 50 patients believed to be hemato
logically normal and cured of lymphoma 
one or more years previously. Using blot hy
bridization [4] we were unable to detect any 
ras of fms mutations in the peripheral blood 
cells of this group of patients. Among 20 fe
male patients in this patient cohort 15 were 
found to be informative on the HUMARA 
clonality assay [5] and among these 15 mo
noclonalitywas found to be present in 4 pa
tients (the patients own T cells served as the 
controls for these studies). Further investi
gation demonstrated that one of these pati
ents had recurrent lymphoma in the mar
row. This patient was not studied further. 
Two of the remaining three patients had re
ceived combined chemolradiotherapy for 
their lymphoma at least 3 years prior to 
study and the third patient had received an 
autologous marrow transplant for recurrent 
lymphoma 3 years prior to study. 

These studies strongly suggest that mono
clonal hemopoiesis is common in patients 
cured of lymphoma by intensive cytotoxic 
therapy. 

The PreMDS State 

To the present time we have conducted a va
riety of studies of the three patients with 
monoclonal hemopoiesis. The peripheral 
blood counts of two of the three patients are 
completely normal including rbc indices 
and reticulocyte counts. The blood counts of 

the post-transplant patient are also normal 
save for a hemoglobin of 10 g. As described 
in Table 1 the bone marrows of all 3 patients 
were grossly abnormal. Two were hypocellu
lar and one hypercellular with relative 
erythroid hyperplasia, morphologic abnor
malities, and relative myeloid hypoplasia 
present in all 3 marrows. These changes were 
most evident in the marrow biopsies. While 
cytogenetic studies were normal in all three 
marrows and peripheral blood specimens, 
FISH analysis suggested the presence of a 
very small population of cells containing 
monosomy 7 (approximately 4% of the cells 
present) in two of the three marrows. These 
data are only suggestive since the size of the 
population, if present, is in the region of que
stionable reliability of the FISH methodolo
gy. FISH studies with the EGR probe failed to 
reveal any evidence of del Sq. Only time will 
tell if the populations which appear to be 
present will increase in size to the point that 
their presence can be confirmed. 

In vitro cloning demonstrated good 
growth by marrow aspirate cells from all 3 
patients but the number of BFUe and 
CFUgm is at the lower end of normal. Preli
minary data suggest that there is an increase 
in telomerase activity in all 3 marrow cell 
populations. The cytokine transcript profile 
of the marrow aspirate cells is basically nor
mal with the cells containing transcripts for 
ILl b, ILl receptor antagonist, stem cell fac
tor, and flt-3ligand. It does appear,however, 
that the number of TN Fa transcripts is in
creased in PreMDS marrow cells in compa-

Table 1. Summary of laboratory findings in 3 preMDS patients. 

Pt# CBC 

norm 

2 norm 

3 IIb-lO 

Bone Marrow 
Characteristics 

In Vitro Cytokines Telomerase FISH 
Cloning 

Hypocell, erythroid norm TNFa 
hyperplasie with megalo 
or dysplastic t1 s; 
decr. myeloid ser; 

Hypercell; dysplastie 
normoblasis; decr 
late myeloid ser; 

Hypocell; erythroid 
hyperplas; rare megalo 
t1 s; myeloid hypoplasis 

norm TNFa 

norm TNFa 

?inc 

?inc 

?subpop of cells 
with momosomy 
7; no evidence 
delSq 

?subpop of cells 
with momosomy 
7; no evidence 
delSq 

N.D. 
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rison with the number present in normal 
marrow cells. 

It is thus apparent that the bone marrows 
of these three patients is neither normal nor 
is hemopoiesis in these patients sufficiently 
abnormal to be classified as myelodyspla
stic. We propose to call the syndrome which 
is present "PreMDS" since it appears likely 
that these patients are at extremely high risk 
to develop MDS. The absence of detectable 
ras of fms mutations in the PreMDS marro
ws and their presence in many florid MDS 
and sAML marrows [6,7] suggests that these 
molecular lesions are not responsible for the 
early stages of the SHD. The same can be said 
for p53 mutations and for monosomy 7 
should the latter be ultimately shown to be 
definitely present as the diseases evolve in 
the future. 

The Development of Monoclonality 
and Genetic Instability 

Figure 1a illustrates the theoretical stepwise 
evolution of the SHD. The development of 
monoclonal hemopoiesis represents the 
overgrowth of a normal polyclonal hemo
poietic cell population by the progeny of a 
single stem cell. Similarly, the successive ap
pearance of new and increasingly abnormal 
monoclonal cell populations must represent 
the successive appearance of cell popula
tions which have a proliferative advantage 
over their predecessor cell populations (Fig. 
1b). While most speculation regarding the 
basis for the development of other monoclo
nal states such as CML postulate disordered 
maturation and/or increased proliferative 
rates, a simpler mechanism can accomplish 
the same thing. On the basis of computer 
modeling we have found that an increase in 
the self-renewal probability of the marrow 

~ h~K 

stem cell population from the normal value 
of p = 0.5 to P = 0.56 would result in mono
clonal hemopoiesis [8]. A further increase 
beyond p = 0.6 in time would lead to stem 
cell (acute leukemia or blastic transforma
tion of CML) overgrowth of the marrow. 

Monoclonal hemopoiesis, or hemopoiesis 
resulting from the proliferation efforts of a 
single stem cell and its progeny, must place a 
substantial proliferative burden on the foun
ding stem cell and its immediate progeny. 
Since the monoclonal hemopoiesis in SHD 
which occurs prior to the appearance of cli
nically apparent MDS in all likelihood per
sists for several years, it is our opinion that 
the proliferative stress exceeds that which a 
normal stem cell can maintain. We therefore 
postulate that in PreMDS the initial step 
which permits successful monoclonal he
mopoiesis also involves in increase in telo
merase activity, a change which would in
crease the proliferative potential of the ab
normal stem cell. As noted above, our preli
minary observations are compatible with 
this concept. We also postulate that if a po
pulation appears with a proliferative advan
tage but without a commensurate increase 
in telomerase activity, monoclonal hemo
poiesis can be established but it would be of 
limited duration because the founding stem 
cell will eventually become "exhausted." 
Perhaps some of the myeloproliferative sta
tes which end in marrow fibrosis are the end 
result of such a discordance between prolife
rative advantage and proliferative potential. 

Undoubtedly the appearance and evolu
tion of the SHD represent the biological con
sequences of a progressive accumulation of 
genetic abnormalities. Given this accumula
tion it is likely that an element of genetic in
stability facilitates the continuous appear
ance of genetic abnormalities with the sel
ection of those abnormalities which confer a 

Nmmnl "('mCl,mc!li~ -~ ,,,cM')S-~ MJ)S-~ AMI. 
Fig. la,b. Stepwise evolution 
of the secondary hemato
logic disorders. b. Sequen
tial evolution of progres
sively abnormal populati
ons of cells resulting from 
the appearance of cells 
with a proliferative advan
tage over the populations 
in which they arise b) 111111n:" AMI. 
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proliferative advantage of the cell popula
tion. One obvious question relates to the ori
gin of the genetic instability. It is possible 
that the initial genotoxic insult itself results 
in genetic instability with the lag time be
tween the insult and the appearance of bio
logically detectable abnormalities being de
pendent upon the appearance of the genetic 
lesion [s] which confers the proliferative ad
vantage. This scenario seems intuitively un
likely in the majority of cases although some 
MDS cases in which there is no history of to
xic exposure may be initiated by the ap
pearance of genetic instability. 

One can speculate on three possible sour
ces of the genetic instability present in the 
majority of SHD: 
1. The proliferative burden associated with 

monoclonal cell populations might in 
and of itself lead to genetic instability 

2. Abnormal cytokine stimulation might 
lead to functional inactivation of the p53 
gene [9] since continuous cytokine sti
mulation might result in the wild type 
p53 protein continuously assuming a 
mutant configuration [10] 

3. Some combination of the above. What 
ever the cause, evidence has been presen
ted for genetic instability being present 
in patients with MDS [11] and in patients 
with secondary AML in which p53 muta
tions are present [12]. Hence it is clear 
that genetic instability contributes to the 
evolution of the SHD. The primary 
question is whether the instability ap
pears during the PreMDS state or 
perhaps even earlier. 

The Development of the Secondary 
Hematologic Disorders 

It is generally believed that MDS results from 
a stem cell defect. While the monoclonality of 
MDS makes this undoubtedly the case, se
condary phenomena such as abnormal cyto
kine production make significant contribu
tions to the disease state [13]. In fact in many 
patients the clinical symptoms and the evo
lution of the disease are heavily influenced by 
the abnormal production of TNFa. Figure 2 
summarizes observations that the abnormal 
production of TNFa has a dual effect resul
ting in marrow apoptosis which contributes 
to the cytopenias present in MDS patients 
and stimulating the proliferation of the ab
normal clones [14]. The observation that the 
suppression of TN Fa production can lead to 
the disappearance of cytogenetically marked 
MDS clones [15] demonstrates quite clearly 
that in many situations the inherent prolife
rative advantage of abnormal cell popula
tions is dependent on cytokine stimulation 
for the potential proliferative advantage to 
become an actual advantage. The biological 
and clinical significance of these observa
tions are readily apparent. 

Is PreMDS the Earliest Abnormal State 
intheSHD? 

The abnormalities detected in the marrows 
of patients with PreMDS lead to at least two 
possibilities: 

Abnormal DitTerentiation MaIW~ 
. "1'lvp.. 
..... ". . PrO(/j,Ct; 
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Fig. 2. Interaction between 
the abnormal stem cell 
and increase environ
mental levels in MDS pati
ents resulting in the clini
cal features ofMDS 
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1. There is a still earlier state of abnormal 
hemopoiesis in which monoclonal he
mopoiesis is present but in which hemo
poiesis is otherwise normal. If this were 
the case then one might expect that the 
appearance of the PreMDS state descri
bed above would be dependent upon the 
appearance of additional molecular ge
netic abnormalities or upon the effects of 
prolonged abnormal cytokine effects on 
the marrow. Whether either or both of 
these suppositions are valid is unknown; 

2. That given the morphologic similarity 
between the marrows of the PreMDS pa
tients and those of patients with clinical
ly apparent MDS, the PreMDS state as de
scribed here is merely preclinical MDS. 
Implicit in this concept would be the fact 
that every patient with PreMDS would 
eventually evolve to clinically apparent 
MDS. While this may indeed be the case, 
the relatively normal proliferative capa
city of the marrow cells in vitro suggests 
that additional abnormalities are needed 
for the appearance of florid clinical 
MDS. If this latter interpretation were 
correct, then not every PreMDS patient 
will evolve to clinically apparent MDS 
just as not every MDS evolves to sAML. 
Time will tell as to which of these possi
bilities is correct. 

Conclusions 

The presence of normal peripheral blood 
counts in patients who have been heavily 
treated with cytotoxic agents cannot be used 
a proof that hemopoiesis is normal. The de
tection of monoclonal hemopoiesis in 20% 
of patients cured of lymphoma is compa
tible with the estimates that as many as 10% 
of patients cured of lymphoma by cytotoxic 
therapy and as many as 20% of patients who 
receive autologous peripheral blood stem 
cell transplants as part of their therapy will 
develop a SHD [16,17]. The development of 
relatively nontoxic therapies for MDS, such 
as the combination of pentoxyfillinl cipro
floxacin/dexamethasone [18] makes it im
portant to identify patients with SHD before 
they become clinically apparent since it is li
kely that early intervention can prevent evo-
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lution to the more malignant forms of this 
disorder. 
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Physiological Events during Ara-C Toxicity Mapped Using 
Multiparametric Flow Cytometry 

D.W. HEDLEY and E.A. MCCULLOCH 

Abstract. The events leading to ara-C-indu
ced apoptosis have been investigated using 
flow cytometry and viable cell probes for: 
reactive oxygen generation, glutathione, 
intracellular calcium, surface membrane 
phosphatidylserine, and mitochondrial 
membrane potential. This approach defines 
a sequence of physiological changes during 
ara-C treatment that starts with low levels of 
reactive oxygen generation and an increase 
in glutathione. This is followed by the loss of 
glutathione and depolarization of the mito
chondrial inner membrane. Cells then go 
through a phase of high reactive oxygen ge
neration, probably due to uncoupling of oxi
dative phosphorylation. Phosphatidylserine 
exposure on the cell surface occurs synchro
nously with the loss of mitochondrial mem
brane potential. Later intracellular calcium 
regulation fails, and finally surface membra
ne integrity is lost. Drug resistance associa
ted with increased bcl-2 expression is mani
fested as an interruption in this death se
quence prior to the loss of cellular GSH. The
se experiments show that the mitochondrial 
permeability transition occurs during ara-C 
toxicity, and clarify its relationships with 
oxidative stress. Oxidative stress appears to 
be a biphasic phenomenon, with the per
meability transition taking place between a 
depletion of reduced glutathione and a pha
se of high reactive oxygen production. 
Several molecular mechanisms have been 
identified that can influence apoptosis in 
model systems. We suggest that the defini-

tion of apoptosis in physiological terms pro
vides a framework into which their complex 
interactions might be fitted. 

Introduction 

Previous work investigating the mechanism 
of ara-C resistance has shown that distal me
chanisms occurring downstream of initial 
DNA damage playa major role determining 
whether cells undergo apoptosis, or are able 
to repair the damage [1,2]. The action ofbcl-
2 and its family members can protect cells by 
reducing the probability of cell death [3-6]. 
This appears to be relevant to drug resi
stance in AML patients [3,6]. Indirect evi
dence was obtained suggesting that oxidati
ve stress might be relevant to ara-C toxicity. 
For example, cells could be protected by the 
antioxidant N -acetylcysteine, and leukemic 
blasts transfected with the bcl-2 gene were 
resistant to a direct oxidative stress using hy
drogen peroxide, as well as being resistant to 
ara-C and daunorubicin [2]. These findings 
are consistent with earlier reports sug
gesting that the action ofbcl-2 might involve 
some form of antioxidant mechanism, or 
protect against increases in intracellular cal
cium [7-9]. In order to study this effect di
rectly, we developed complex flow cytome
try methods that are capable of mapping the 
alterations in cellular physiology that take 
place during drug-induced cytotoxicity. 

Ontario Cancer Institute, 610 University Avenue, Toronto, Ontario MSG 2M9, Canada 
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Mechanisms of Cell Injury 

Oxidative Stress 
Recently there has been considerable inte
rest in the idea that oxidative stress is an im
portant mediator of programmed cell death 
[7,8,10,11]. The internal redox environment 
of cells is normally maintained in a reducing 
state by antioxidants; particularly the gluta
thione redox cycle. Oxidizing species such as 
reactive oxygen intermediates (RO!) can be 
generated by normal metabolic processes, 
by redox cycling xenobiotics, and in respon
se to some types of cell injury. Oxidative 
stress can damage critical macromolecules 
such as lipids, proteins, and nucleic acids; 
cells are therefore dependent on antioxidant 
defences for survival [11-12]. 

Mitochondrial Permeability Transition 
An alternative viewpoint is that oxidative 
stress occurring during apoptosis is not di
rectly responsible for cell death, but is rather 
the consequence of more relevant mediators 
of cell injury, particularly the mitochondrial 
permeability transition [13]. The permeabi
lity transition is an active process that invol
ves the opening of pore complexes in the 
mitochondrial inner membrane, resulting in 
the loss of the mitochondrial membrane po
tential and the cessation of mitochondrial 
ATP generation. Since respiration is feed
back inhibited by cellular ATP levels, the per
meability transition causes increased elec
tron transport through the respiratory chain 
[13]. This in turn may result in the increased 
generation of reactive oxygen intermedia
tes, since these are bypro ducts of mitochon
drial respiration [14, 15]. The mitochondrial 
permeability transition appears to be a criti
cal event in apoptosis, regardless of whether 
this is induced physiologically or in respon
se to cell injury [16-18]. Failure of normal io
nized calcium regulation would be expected 
to ensue, due to inactivation of ATP-depen
dent calcium pumps or to oxidative damage 
to membrane sites of calcium regulation.Ac
tivation of calcium-dependent endonuclea
ses would then lead to internucleosomal 
cleavage of DNA [19]. Kroemer and collea
gues have recently proposed an alternative 
mechanism by which the permeabilitytran
sition might mediate cell death. This mecha-

nism involves the release from the mito
chondria of a death effector molecule that is 
capable of producing the nuclear features of 
apoptosis [16,20]. 

Experimental Procedures 

Most of the experiments were done using 
the well-characterized OCI/ AML-2 line, 
established in our own institution, or with 
variants that had been transfected with the 
bcl-2 gene [4]. This is a growth factor inde
pendent line that grows in suspension cultu
re with a doubling time of approximately 
24 h. Cells were treated with ara-C by conti
nuous exposure for various times; usually at 
a concentration of 7 iJ.M that produces ap
proximately 90% loss of clonogenic survival 
after 24 h. In addition, we investigated the 
changes occurring during ara-C toxicity in 
fresh patient samples maintained in short 
term culture. End points for ara-C toxicity 
were clonogenic survival, and flow cytome
tric assays of live cell function. The flow 
cytometry was done using a multilaser cell 
sorter capable of measuring up to five 
fluorescence parameters simultaneously, in 
addition to forward and orthogonal light 
scatter. 

Results 

Oxidative Stress During Ara-C Toxicity and the 
Effects of BcI-2 

Measurement of Reactive Oxygen Generation 
The rate of generation of reactive oxygen in
termediates in live cells was measured using 
either dichlorofluorescin diacetate or dihy
drorhodamine 123 (DHR-123). These com
pounds are oxidized by ROI to the brightly 
fluorescent dichlorofluorescein and rhod
amine 123, and retained inside the cell. 

Fig. 1 shows frequency distribution histo
grams of log ROI generation following 24 h 
treatment with 7 uM ara-C compared to un
treated control cells. There was a modest in
crease in ROI generation in the bulk of the 
ara-C-treated cells, with a much larger in
crease seen in a subpopulation. Similar re
sults were obtained using the two fluores-

109 



• .... ______ 'COHTROL., _____ --, 

• .. 

~ 
.... ______ ,ARA-C ______ -, 

.+-~~~~~nTnm-rTTn~-,-r~~ 
.1 1 11. 1 ... 

Fig.l. Effects of ara-C on ROI (log scale). Top panelis 
control 

cent ROI probes. This is unlikely to be due to 
activation of the respiratory burst oxidase 
system, which is functional in phagocytes 
and in some myeloid leukemia cell lines, 
since OCI/AML-2 cells were unable to 
mount a respiratory burst in response to 
treatment with phorbol ester. 

Effects of Ara-C on Cellular Glutathione 
Because ara-C toxicity was associated with 
increased ROI generation, it was anticipated 
that this would result in exhaustion of cellu
lar glutathione (GSH), the main cellular anti
oxidant. A double labeling method was de
veloped, using monobromo-bimane to 
measure cellular GSH [21].As shown in Fig. 
2, the earliest change was an increase in 
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glutathione content that coincided with a 
modest increase in ROI generation, seen as a 
shift upwards and to the right in the position 
of control cells shown on the left. The most 
likely explanation for this is that cells are in
itially capable of countering oxidative stress 
by increasing the synthesis of GSH. A similar 
protective response has been reported 
following acute oxidative stress caused by 
hyperthermia or transient hypoxia [22,23]. 
The population of cells with high levels of 
ROI, seen in Figure 1, was markedly depleted 
in GSH, indicating that they can no longer 
defend against ROI and have shifted their 
cellular redox balance to an oxidizing state. 
There was then a progressive decline in the 
intensity of staining with monobromobima
ne and DHR-123, and eventually loss of sur
face membrane integrity as shown by inabi
lity of the cells to exclude propidium iodide. 
As described below, during these later pha
ses the cells lose the ability to regulate their 
intracellular calcium ion concentration. 

Time Course of Ara-C Toxicity 
The heterogeneity seen in the two parameter 
plot of ROI generation versus GSH content 
following 24 h ara-C treatment suggests that 
a sequence of events is occurring; this se
quence is asynchronous because of the cell 
cycle phase specificity of ara-C toxicity. In 
order to confirm this we did time course ex
periments in which OCI/AML-2 cells were 
treated continuously with 7 mM ara-C, and 
sampled at 6-hourly intervals for flow cyto
metry analysis and clonogenic survival. Re
sults for the flow cytometry measurements 
are shown in Fig. 3. The expected sequence 
of events is clearly seen, with the earliest 

18ee 
Fig. 2. Correlations between 
ROI generation and GSH 
content following ara-C 
(log/log scale) 
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Fig.3. Time course of ara-C exposure, with times indicated on each panel. 
Glutathione content (vertical axis) is shown on a linear scale, which exaggerates the effects of ara-C. Gated to 
exclude cells that have lost surface membrane integrity 

changes being an increase in ROI and GSH 
seen at 6-hours. At the later time points cells 
accumulated in the low GSH!1ow ROI state 
characterized by increased intracellular cal
cium and loss of surface membrane inte
grity. 

The sequence of events following ara-C 
treatment is consistent with the idea that 
DNA damage by this agent in some way re
sults in the increased generation of ROI. The 
mechanism for this is unknown, although si
milar results have been observed following 
cell stress or exposure to a wide range of 
DNA damaging agents [22-24]. Initially the 
cells are able to counter this oxidative stress 
by increasing the level of reduced glutathio
ne, but later they undergo a transition to a 
state in which GSH is greatly depleted, and 
ROI generation is very high. The failure of 
antioxidant defences has serious metabolic 
consequences, including lipid peroxidation 
damage to membranes, and disulphide 
bonding of critical intracellular proteins. 

We considered the possibility that oxida
tive stress is a significant mediator of ara-C 
toxicity, and that the ability to maintain 

glutathione levels is associated with ara-C 
resistance. There is an extensive literature 
showing that increases in glutathione activi
ty can cause resistance to alkylating agents 
or platinum compounds, but GSH is not nor
mally considered to be relevant to antimeta
bolite resistance (25). We were therefore in
terested to know whether similar changes to 
those seen in OCII AML-2 cells occurred du
ring ara-C toxicity in AML patient samples. 

Effects of Ara-( on AML Patient Samples ex Vivo 
Peripheral blasts obtained from three AML 
patients were grown in short term culture, 
using medium conditioned by 5637 bladder 
carcinoma cells. Ara-C sensitivity was deter
mined using a clonogenic survival assay, and 
the cells were then treated with an IC90 con
centration of ara -C for 48 h and examined by 
flow cytometry using the dual ROIlGSH la
beling method. 

As shown in Figure 4, there was a striking 
heterogeneity in the effects of equitoxic 
doses of ara-C. The blasts from Patient 1 
showed a large increase in ROI in a subpopu
lation that then lost GSH and finally entered 
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a phase where there was an approximately 
IOO-fold increase in ROI generation compa
red to untreated control cells. In contrast, 
ara-C toxicity produced minimal changes in 
the sample from Patient 3, while the pattern 
obtained from Patient 2 was midway be
tween these two extremes. These prelimi
nary results using fresh patient samples in
dicate that oxidative stress can occur during 
ara-C toxicity. 

Effects of BcI-2 Over Expression 
Over expression of bcl-2 protein has been 
reported to protect against oxidative stress, 
and is associated with ara-C resistance in 
AML patients. The OCI! AML-2 variant 2bcl-
2, that has been transfected with the bcl-2 
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Fig.4. Log!log plots of GSH 
vs. ROI in ara-C treated 
AML patient samples 

gene, is resistant to ara-C [4]. We therefore 
used the flow cytometry method in order to 
identify the point in the "death sequence" at 
which bcl-2 over expression enhances cell 
survival. Results of a typical experiment are 
shown in Figure 5. Following 24 h ara-C 
treatment a small increase in ROI and GSH 
levels was observed, similar to the early 
changes seen in the parental line. However, 
cells transfected with bcl-2 were able to 
maintain this state, and did not enter the 
next stage of the sequence that is charac
terized by depletion of GSH and very high 
levels of ROI production (indicated by an 
amorphous region drawn in top right pa
nel) . Results from these experiments are de
scribed in a recent paper [26]. 
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Relationships Between Oxidative Stress and 
the Mitochondrial Permeability Transition 

Background 

LOG 

Our results investigating the role of bcl-2 in 
the context of ara-C-induced oxidative stress 
are consistent with the idea the bcl-2 in some 
way has an antioxidant role. Recently an alter
native viewpoint has been proposed, in which 
bcl-2 acts to inhibit the mitochondrial per
meability transition [20]. The permeability 
transition is an active process, in which com
plex pores, or "megachannels", open in the in
ner mitochondrial membrane. The detailed 
structure of the pore complex is unknown, 
but it probably includes the ADP/ATP trans
locase and a voltage dependent anion trans
porter [17,20] . The bcl-2 protein also appears 
to associate with the pore complex, and may 
act to stabilize this in the closed position [20]. 
Opening of the pore complex is an early and 
apparently critical event during apoptosis, re
gardless of the initiating factor [13]. Because 
the mitochondrial membrane potential is 
lost, the permeability transition uncouples 
oxidative phosphorylation. Respiratory 

... 
J.eee .J. J.eee 

ROI LOG ROI 

chain activity then increases due to loss of 
feedback inhibition. Since superoxide is ge
nerated as a byproduct of the respiratory 
chain, the effect ofbcl-2 transfection on ROI 
generation might mediated via inhibition of 
the permeability transition. We were there
fore interested to know if the permeability 
transition occurs during ara-C toxicity, and 
to determine whether this precedes the onset 
of high ROI generation. 

Experimental Setup 
A direct relationship between the permeabi
lity transition and the intensity of labeling 
with mitochondrial membrane potential 
sensitive dyes can be shown using confocal 
microscopy. The permeability transition can 
therefore be demonstrated by flow cytome
try, using fluorescent probes that are sensiti
ve to the mitochondrial membrane poten
tial. The most frequently used probe is the 
cyanine dye DiOC6(3). Because this has si
milar spectral properties to the ROI probes, 
we modified the method by substituting the 
analogue DiIC6(5) which can be excited 
using a 633 nm helium neon laser. The com-
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Table 1 

Probe Staining conditions 'A Excitation/emission 
min (nm) 

ROI generation 
GSHutathione 
Mitochondrial membrane potential 
Surface membrane integrity 

DHR-123 
Monobromobimane 
DiIC6(5) 

lfiM 
40fiM 
40fiM 

30 
5 

30 
5 

488/525 
325/450 
633/675 
488/640 Propidium Iodide 5 fig/ml 

bined labeling method used for these expe
riments consisted of (Table 1): 

The flow cytometer setup consisted of a 
488 nm argon laser as the reference beam, 
and a 32Snm HeCd laser and a 633 nm HeNe 
laser running colinearly with a 40 ms time 
delay. Because all four parameters were 
collected simultaneously, it was possible to 
examine their correlates directly at the 
single cell level. 

Results 
Following ara-C treatment a population of 
cells appeared with reduced DiIC6(S) fluo
rescence labeling, indicating loss of mito
chondrial membrane potential (Fig. 6). 

This finding is similar to previously re
ported results [27], and indicates that the 
permeability transition occurs during ara-C 
toxicity. Figure 7a is a correlated two para
meter plot of mitochondrial membrane po
tential versus ROI generation. High ROI ge
neration is seen in cells that have undergone 
the permeability transition, indicates that 
this occurs later than the permeability tran
sition. This is consistent with the uncoupling 
of oxidative phosphorylation causing in
creased ROI production in the respiratory 
chain. Our results using ara-C treated leuke
mic blasts are similar to those obtained 
Kroemer et al. using a wide range of cell ty
pes undergoing apoptosis [16,27,28]. How-

CONTROL 16 HR 
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ever, when the results for cellular GSH con
tent are plotted against mitochondrial mem
brane potential, it can be seen that the per
meability transition occurs only in cells from 
the lower range of the distribution for GSH 
values (Fig. 7). Experiments in which corre
lated measurements of mitochondrial mem
brane potential, GSH, and ROI were made at 
2-h intervals show that this overall pattern is 
maintained during the course of ara -C treat
ment, with the percentage of cells showing 
low GSH and low mitochondrial membrane 
potential increasing over time. This indicates 
that the permeability transition is preceded 
by a decrease in cellular GSH content. 

Glutathione is needed to maintain the 
protein sulphydryls inside cells in their nor
mally reduced state. It has been previously 
shown that disulphide bonding in the mito
chondrial matrix space can trigger the per
meability transition [29,30]. Mitochondria 
contain a pool of GSH that protects against 
reactive oxygen intermediates generated by 
the respiratory chain [31,32]. The decrease 
in whole cell GSH content that is observed 
prior to the loss of mitochondrial membra
ne potential might reflect a more significant 
depletion of mitochondrial GSH during 
ara-C toxicity. The interrelations between 
oxidative stress and the permeability tran
sition could therefore be explained on the 
basis that oxidative stress is a biphasic phe-

20 HR 24 HR 

Fig.6. Appearance of cells with low DiIC6(5) fluorescence over time 
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nomenon, with the permeability transition 
resulting from loss of reduced GSH, and 
preceding high levels of ROI generation due 
to the uncoupling of oxidative phosphory
lation. 

The Physiology of Apoptosis Mapped by Multilaser 
Flow Cytometry 

Introduction 
Increases in ionized calcium occur during 
apoptosis, and can produce classical in
ternucleosomal fragmentation of DNA 
through the activation of calcium-depen
dent endonucleases [19] . More recently, 
however, alternative death effectors have 
been proposed that may not depend on cal
cium regulation. Of particular relevance are 
the ICE-like cysteine protease CPP-32, which 
can be activated during ara-C toxicity [33], 
and a less well characterized Apoptosis In
itiating Factor that appears to be released by 
mitochondria following the permeability 
transition [16,20]. 

Recently there has been interest in altera
tions in the surface membrane lipid compo
sition that take place during early apoptosis. 

These changes involve the translocation to 
the cell surface of phosphatidylserine, an 
aminophospholipid that is normally confi
ned to the inner leaflet of the lipid bilayer 
[34,35]. This is an active process that proba
bly involves the combined action of a speci
fic aminophospholipid translocase and a 
non-specific lipid scramblase [36]. It allows 
cells that are undergoing apoptosis to be re
cognized by phagocytes, and it appears to be 
a ubiquitous event that takes place in a wide 
variety of cell types in response to a wide 
range of stimuli. Therefore we developed 
flow cytometry methods to investigate 
whether phosphatidylserine exposure or in
creases in calcium occur during ara-C toxi
city, and to establish their temporal sequen
ce relative to oxidative stress and the mito
chondrial permeability transition. 

Methods 
Phosphatidylserine exposure was detected 
using a fluorescein conjugate of the natural 
ligand annexin V [34], and ionized calcium 
concentration was measured using the flu
orescent calcium indicator. A combined flow 
cytometry method was developed as follows 
(Table 2): 
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Table 2 

Probe Staining conditions I Excitation/emission 
min (nm) 

Indo-l 3JlM Ionized calcium 
Phosphatidylserine 
Mitochondrial membrane potential 
Surface membrane integrity 

Annexin V-FlTC 
DiIC6(5) 
Propidium iodide 

5 Jll/ml 
40nM 

5 Jlg/ml 

30 
5 

30 
5 

325/405:525 
488/525 
633/675 
488/640 

The instrument setup was similar to that 
used to measure oxidative stress and mito
chondrial membrane Eotential. Intracellular 
ionized calcium rCa +]i was measured by 
taking the ratio of the calcium bound (405 
nm) and calcium free (525 nm) emissions of 
indo-I, using electronic ratio circuitry. The
refore this method required collection of 
five fluorescence signals, in addition to for
ward and orthogonal light scatter. It was de
signed to investigate events taking place 
downstream of the mitochondrial permea
bility transition, with the mitochondrial 
membrane potential measurements allow
ing results to be linked to those obtained 
using the oxidative stress method. 

Results 
A population of annexin V positive cells 
appeared during the course of ara-C 
treatment, indicating loss of the normal 
asymmetric distribution of phosphatidyl
serine in the surface membrane. Fig. 8 
shows two parameter dot plots of annexin V 
labeling versus mitochondrial membrane 
potential. 

There was a striking correlation between 
the two membrane events, so that almost all 
cells showed either loss of mitochondrial 
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membrane potential and phosphatidylseri
ne expression, or else they had energized 
mitochondria and were annexin V negative. 
This strong correlation was seen at all time 
points examined, from 8-26 hr of drug treat
me nt, and shows that these apparently inde
pendent membrane events occur simulta
neously. Furthermore, this must take place 
rapidly, since very few cells were observed in 
transitional stages. 

Measurement of [Ca2+]i showed that large 
increases occurred during ara-C toxicity. 
Fig. 9 shows correlated dot plots of surface 
membrane integrity, as shown by propidium 
iodide exclusion, versus intracellular calci
um. A sequence of events can be seen in 
which cells initially exclude propidium io
dide and have low [Ca2+]i. They then move to 
a state of high [Ca2+]i, following which they 
lose the ability to exclude propidium iodide. 
Beyond this point [Ca2+]i can no longer be 
monitored reliably, since the indo-1 begins 
to leak out of the cells. 

Combined measurement of [Ca2+]i and 
mitochondrial membrane potential shows 
that all of the high calcium cells have depola
rized mitochondria, whereas a proportion of 
the low MMP cells still have low [Ca2+]i va
lues (Figure 10). 

.1 leee .1 
MITO MEMB POT 

1eee 
MITO MEMB POT 

Fig. 8. Relations between 
phosphatidylserine expres
sion and mitochondrial 
membrane potential 
following 24h ara-C treat
ment. 
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lar calcium during ara-C 
treatment, followed by loss 
of membrane integrity 
(and leakage of indo-I) 
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Fig. 10. Relations between 
intracellular calcium (hori
zontal axis) and: mitochon
drial membrane potential 
(upper panels) and phos
phatidylserine expression 
(lower panels) 
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This result clearly demonstrates that the loss 
of calcium regulation occurs at a later time 
than the permeability transition. Because 
phosphatidylserine exposure is strongly lin
ked to mitochondrial membrane potential, 
the correlated plot of annexin V labeling ver
sus ionized calcium resembles the inverse of 
the MMP versus [Ca2+]i plot (Fig. 10). 

Discussion 

Programmed cell death is a complex pheno
menon that can be influenced by a large 
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number of gene products, including the 
many members of the bcl-2 gene family, p53, 
stress activated protein kinase, and various 
death effectors such as the ICE-like protea
ses [5]. It is difficult to fit all of these molecu
les into a single unifying scheme, and it is 
possible that individually their relevance de
pends on which particular model of apopto
sis is under study. In the work described here 
we have taken the alternative approach of 
describing cell death in terms of alterations 
in cellular physiology; an integrative disci
pline that is concerned with the functional 
integrity of complex systems. Important 
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physiological changes that occur during 
apoptosis include oxidative stress and the 
depletion of cellular GSH, increased [Ca2+]i, 
phosphatidylserine exposure, and the mito
chondrial permeability transition. These 
functional changes appear to be fundamen
tal, regardless of the specific molecular pro
cesses that are controlling apoptosis. 

Flow cytometry allows correlated meas
urements of multiple parameters in cell po
pulations. It has been widely used to infer 
the normal differentiation sequences of 
blood cells from patterns of surface antigen 
expression, using a logical approach to data 

Ara-ClP incorporation 
Initial DNA damage 

ROI generation 
- ? mechanism 

Increased GSH 
synthesis 

Depletion of GSH and 
failure of cellular 
antioxidant defences .... 

' .... , .? 
'-, . 

analysis [37]. Here we describe an analogous 
process using fluorescent probes for live cell 
function. For example, during ara-C treat
ment virtually all cells are either annexin-V 
negative/high MMP, or annexin-V positive/ 
low MMP. Therefore the permeability trans i
tion and the exposure of phosphatidylserine 
are synchronous events. Increased [Ca2+]i 
was only seen in cells that were annexin-V 
positive/low MMP, whereas low [Ca2+]i 
values were also found in some of this popu
lation; therefore the loss of calcium ion re
gulation is the later event. Activation of cal
cium-dependent endonucleases is probably 

I'"'Los--s-o-f-m-i-to"c-h-on-dri-'a-'1 .1.: 
membrane potential 

Loss d membrane 
asymmetry. Phophatid)i
serine expression 
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responsible for the DNA fragmentation that 
has been shown to occur in ara-C-treated 
OCIIAML-2 cells. 

Increased reactive oxygen generation and 
increased glutathione content occur early 
during ara-C toxicity. This likely results 
from DNA damage following incorporation 
of ara-CTP, although the exact mechanism 
for this early onset of ROI generation is un
certain. The increase in GSH is probably a 
cellular response to oxidative stress that pro
tects by maintaining cellular redox balance 
in a reducing state. However, later there is an 
abrupt transition to a state in which most of 
the reduced GSH is lost, and very high levels 
ofROI are produced. This transition indica
tes the collapse of cellular antioxidant defen
ces, and a shift towards an oxidizing intra
cellular environment. The increase in [Ca2+]i 
that subsequently occurs is likely caused by 
either lipid peroxidation damage to mem
brane sites of calcium regulation, or to the 
failure of ATP-dependent calcium pumps. 
Fig. 11 proposes a sequence for the physiolo
gical changes associated with ara-C toxicity, 
based on the data shown here. 

Transfected OCI/AML-2 blasts that over 
express bcl-2 are resistant to ara-C [4]. Map
ping the sequence of physiological changes 
that occur during ara-C toxicity, we have lo
cated the action of bcl-2 at a point prior to 
the loss of reduced GSH and the onset of 
high ROI production [26]. Initial increases 
in ROI and GSH were seen, as with the non
transfected controls. Our results are there
fore compatible with earlier suggestions that 
bcl-2 acts as an antioxidant. However, we 
were concerned about the lack of any ob
vious source of metabolic energy that would 
allow bcl-2 to maintain the intracellular re
ducing state in the face of a sustained oxida
tive stress. 

It has been proposed that the mitochon
drial permeability transition is a crucial 
event in apoptosis, regardless of the cause 
[13, 16]. Because the mitochondrial mem
brane is depolarized by the permeability 
transition, oxidative phosphorylation is un
coupled, ATP generation is lost, and there is 
increased respiratory chain activity due to 
loss of feedback control. Since superoxide 
anion is generated as a byproduct at the re
spiratory chain complexes, this results in in-

creased ROI generation. This effect of the 
permeability transition has been reported 
by others [27,28]' and is seen in our results 
(Fig. 7). The loss of mitochondrialATP gene
ration and the increase in ROI generation 
might then be expected to impair the ability 
to regulate intracellular calcium, causing 
endonuclease activation. 

Two parameter plots of GSH content ver
sus mitochondrial membrane potential 
show that the permeability transition occurs 
in cells that are at the lower end of distribu
tion of GSH values. This suggests that the 
permeability transition results from loss of 
GSH. There is a distinct pool of mitochon
drial GSH which cannot be identified using 
the flow cytometry method [31]. Because 
mitochondria are a source of ROI, mito
chondrial GSH plays an important role in 
maintaining reducing conditions within the 
matrix space. Oxidative stress in mitochon
dria, manifested as protein thiol oxidation 
or the production of lipid peroxidation pro
ducts, is a potent initiator of the permeabili
ty transition [30,38]. We propose that the de
pletion in total cellular GSH that precedes 
the permeability transition is associated 
with a more profound loss of mitochondrial 
GSH. Oxidative damage that occurs within 
the mitochondria as a consequence of this 
then triggers the permeability transition. 
Oxidative stress during ara-C toxicity is 
therefore a biphasic phenomenon, with the 
permeability transition occurring between 
the two phases. It has been suggested that 
bcl-2 is physically linked to the mitochon
drial membrane pore complex, and acts to 
reduce the probability that the permeability 
transition will occur. This mechanism 
would be compatible with our findings, and 
explain why bcl-2 appears to exert an anti
oxidant effect in the absence of any obvious 
input of metabolic energy. 

Use of flow cytometry and multiple flu
orescent probes for live cell functions has 
enabled us to define a sequence of physiolo
gical changes that occur during drug-indu
ced apoptosis. We propose that this provides 
a framework into which the actions of speci
fic molecules such as bcl-2 can be fitted. This 
approach might be helpful for defining the 
roles of the various mechanisms that appear 
to be capable of regulating apoptosis during 
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the treatment of leukemias with chemo
therapy. 
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CD9S-Mediated Apoptosis in Acute Myeloid Leukemia (AML): 
Dependence on Maturational Stage and Growth Characteristics in Vitro 
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and W.-D.LuDWIG1 

Abstract. The CD95 (APO-lIFas) receptor, 
which is able to induce apoptotic cell death 
upon oligomerization by its natural ligand 
or by anti-CD95 antibodies, is broadly dis
tributed in normal and malignant hemato
poietic cells. However, its functionality 
could be demonstrated only in a limited 
number of cell types, and molecular events 
responsible for the resistance of cells to 
CD95-mediated apoptosis remain to be elu
cidated. The bc1-2 protein which has been 
associated with increased resistance to va
rious apoptotic stimuli has been shown to 
block partially the CD95-mediated apopto
sis in murine cell lines, but not in human 
lymphocytes. In AML, a limited number of 
cases has yet been tested as to their suscepti
bility to CD95-induced apoptosis. Using 
flow cytometry, we investigated both expres
sion and functionality of CD95 and bc1-2 in 
untreated leukemic cells collected from 46 
de novo AML patients, and correlated the re
sults with the expression of the progenitor 
cell associated CD34 antigen and with 
growth characteristics ofleukemic cell sam
ples in vitro. Our study revealed that almost 
all (>90%) AML samples expressed both 
bc1-2 and CD95. The level of bcl-2 expres
sion, quantified as mean fluorescence inten
sity, was significantly higher in CD34+ than 
in CD34- AML (p<O.OOl) while that of CD95 
was significantly lower in CD34+ leukemic 

cell samples (p<O.OOl). The apoptotic effect 
of crosslinking of CD95 by anti-CD95 anti
body was observed in 88% of CD34- AML 
but only in 29% of CD34+ AML samples 
(p<O.Ol). No correlation between the extent 
of CD95-induced apoptosis and the level of 
CD95 and bcl-2 expression was found.Auto
nomous growth was observed in both 
CD34+ and CD34- samples (67 and 84% of 
cases, respectively). In CD34+ AML, all cell 
samples susceptible to CD95-mediated 
apoptosis exhibited autonomous growth. By 
contrast, CD34- samples were highly sensiti
ve to CD95-triggering independent of their 
growth characteristics. In conclusion, our 
data reveal a high susceptibility to CD9Y 
triggering of AML with a CD34- phenotype, 
and suggest that this subgroup of AML may 
represent an appropriate target for thera
peutic strategies based on tumor-specific T
cell cytotoxicity involving CD95-CD95L in
teractions. 

Introduction 

Programmed cell death or apoptosis is one 
of the central control mechanisms which 
counterbalances cell proliferation and diffe
rentiation during normal tissue develop
ment and cellular homeostasis [1-3]. It is a 
morphologically defined process of cell sui-

1 Dept. of Hematology, Oncology, and Tumor Immunology, Robert-RossIe Clinic, Virchow-Clinic, Hum
boldt-University of Berlin, D-13125 Berlin, Germany 
2 Department of Internal Medicine III, University of Ulm, D-S90S1 Ulm, Germany 
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cide initiated within cells as response to 
withdrawal of growth factors, DNA damage 
and metabolic distortions [4]. Apoptosis can 
be also induced by triggering of specific cell 
surface molecules, such as CD120a (TNFR I) 
or CD95 (APO-l/Fas) [5]. The CD95 protein 
that belongs to the superfamily of tumor
necrosis-factor (TNF) and nerve-growth
factor (NGF) receptors was demonstrated to 
induce apoptosis upon trimerization by its 
natural cognate, CD95 ligand (CD95L), or 
oligomerization by monoclonal antibodies 
(moAbs) ofIgG3 and IgM class [5-7]. Recent 
studies revealed a broad distribution of the 
CD95 in a wide variety of cells including 
normal and malignant hematopoietic cells 
[8-11]. However, its functional capacity to 
induce apoptosis could be observed only in a 
limited number of cell lineages. Thus, CD95-
induced apoptosis was demonstrated in ac
tivated peripheral T- and B-Iymphocytes 
[12, 13], mature neutrophils [9] and, as to 
malignant hematopoietic and lymphoid 
cells, in adult T-cell leukemia [14, 15] and, 
partially, in T-lineageALL [16] and myeloma 
[17] cells. Susceptibility to CD95-triggering 
was also found in a small subgroup of AML 
cases [18]. Most malignant cells failed to un
dergo CD95-mediated apoptosis, and addi
tional treatment of the cells was nessessary 
to overcome their resistance to CD95 trig
gering [16,18-20]. 

Resistance to induction of apoptosis de
pends on various factors involved in 
apoptotic intracellular signalling pathways. 
Recent studies suggest that members of the 
bcl-2 family playa central role in apoptosis 
regulation [21,22]. The founding member 
of this steadily expanding gene family, the 
proto-oncogene bcl-2, was originally disco
vered at the chromosomal breakpoint of t 
[14,18] in human follicular lymphoma [23], 
and its overexpression has been shown to 
prevent or delay apoptosis induced by 
growth factor withdrawal, gamma-irradia
tion, glucocorticoids and several chemothe
rapeutic drugs [21,24]. In malignant cells, 
the bcl-2 is thought to contribute to oncoge
nesis by suppressing signals that induce 
apoptotic cell death and, therefore, to be one 
of the factors contributing to the malignant 
transformation [25-27]. In AML but not in 
ALL, a high percentage of bcl-2 positive 

cells has been associated with a poor res
ponse to chemotherapy and a shortened 
overall survival [28,29]. The involvement of 
bcl-2 in molecular pathways of CD95-
induced apoptotic signalling is not fully elu
cidated. The bcl-2 dependent inhibition of 
CD95-induced apoptosis was demonstrated 
in mice cells forced to overexpress human 
CD95 and bcl-2 [30]. However, this inhibi
tion was not complete. Moreover, Strasser et 
al. [31] found that bcl-2 provided little pro
tection against CD95-transduced apoptosis 
in B-Iymphoid cell lines, thymocytes and 
activated T -cells. 

In normal hematopoiesis, the expression 
ofCD95 and bcl-2 as well as the susceptibili
ty to CD95-triggering strongly depends on 
the maturational stage of the hematopoietic 
cells [32-34]. Thus, the most immature, 
CD34 antigen positive and lineage marker 
negative (CD34+lin-) cells were found to be 
CD95 negative or to express very low levels 
of CD95, high levels ofbcl-2 and to be refrac
tory to CD95-triggering [32,33,35,36]. By 
contrast, more mature, CD34- myeloid cells 
exhibited high levels of CD95 expression 
and susceptibility to CD95-induced apopto
sis [32,34,36]. 

In AML, expression of CD34 has been de
monstrated in about 30 to 60% of cases, of
ten associated with other markers of cellular 
immaturity, such as CD7, HLA-DR and TdT 
[37]. In this study, we investigated the ex
pression and functionality of CD95 in leuke
mic cells collected from de novo AML pati
ents in relation to the expression of CD34 
antigen. Additionally, we determined a pos
sible involvement of bcl-2 protein in CD95-
mediated signalling. 

Materials and Methods 

Patients 

Leukemic blasts from 46 adult patients with 
newly diagnosed AML, either positive (n= 
21) or negative (n= 25) for CD34 expression, 
were studied. The diagnosis and FAB sub
type of AML was determined from Papen
heim-stained bone marrow and blood 
smears [38,39]. Immunophenotyping was 
carried out on leukemic blasts isolated by 
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standard Ficoll-Hypaque density gradient 
centrifugation (Pharmacia, Uppsala, Swe
den), and cell-surface as well as cytoplasmic 
antigens were detected using direct or indi
rect immunofluorescence (IF) techniques as 
described elsewhere [40,41]. AML cell sam
ples were considered positive for CD34 anti
gen expression if more than 20% of the cells 
expressed fluorescence intensity greater 
than 98% of the negative control cells. 

Cell Purification and Cell Culture 

Leukemic cells were recovered from either 
fresh or cryopreserved patient samples and 
purified by density gradient centrifugation 
using Ficoll-Hypaque separation. Viability 
of cells was always more than 90% as deter
mined by trypan blue or propidium iodide 
(PI; Sigma, Deisenhofen, Germany) exclu
sion. All samples contained more than 90% 
leukemic cells based on morphological cri
terias. Functional assays with freshly isolat
ed or thawed leukemic cells of the same pa
tient gave similar results. Cells were main
tained in RPM I 1640 (Biochrom, Berlin, Ger
many) standard medium (SM) containing 
2 mM L-glutamine, 100 U/ml penicillin and 
100 mg/ml streptomycin (Gibco BRL, Pais
ley, Scotland). 

Assessment of CD9S and bcl-2 Expression 

CD95 antigen was detected by conventional 
immunofluorescence staining of intact cells 
using phycoerythrine {PE)-conjugated 
anti-CD95 antibody (clone DX2; Ph armin
gen, San Diego, CA) [32]. To evaluate the ex
pression of the intracellular bcl-2 protein, 
leukemic cells were fixed and permeabilized 
using the fixation-permeabilization kit (Fix 
& Perm; An-der Grub, Kaumberg, Austria) 
as recommended by the manufacturer. Bcl-2 
antigen was detected by the FITC-conju
gated anti-bcl-2 antibody 124 (Dako, Glos
trup, Denmark) which was added with the 
permeabilization medium. After incubation 
for 30 min at room temperature cells were 
washed twice and analyzed for immunoflu
orescence. FITC- and PE-conjugated irrele
vant mouse antibodies of the appropriate 
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subclasses (Immunotech, Marseille, France) 
were used as negative controls to determine 
background fluorescence. Immunofluores
cence analysis was performed on a FACScan 
flow cytometer (Becton Dickinson, San 
Jose, CA, USA) using CellQuest software 
(Becton Dickinson). Expression of antigens 
was quantified as relative fluorescence in
tensity, RFI, determined by the ratio of 
mean fluorescence intensity of cells stained 
for either CD95 or bcl-2 to mean fluores
cence intensities of the corresponding neg
ative controls. 

Assessment of Cell Apoptosis and Growth by Flow 
Cytometry 

To assess spontaneous apoptosis, 0.5x106 
leukemic cells/well were cultured in 96-well 
microtiter plates (Nunc, Roskilde, Den
mark) using SM for 20 h at 37°C in ahumidi
fied atmosphere of 7% CO2 in air. To investi
gate the CD95-mediated effects, leukemic 
cells were cultured for 20 h in the presence of 
the anti-CD95 moAb CH-ll (IgM; Immuno
tech, Marseille, France; 1 mg/106 cells). As a 
negative control, cells were preincubated 
with irrelevant control antibodies. After the 
incubation, leukemic cells were fixed, per
meabilized and stained with PI as described 
elsewhere [42]. Briefly, a pellet of 5x1 05 leu
kemic cells was fixed by addition of 2 ml of 
ice-cold 70% ethanol for 1 h at 4°C. After 
washing the cells were resuspended in 0.5 ml 
PBS containing 1mM EDTA, 0.05% Triton X-
100 (Serva, Heidelberg, Germany), and 50 
mg/ml PI, pH 7.5. Following the treatment 
with 10 ml of 10 mg/ml RNase (type I-A; 
Boehringer Mannheim, Mannheim, Ger
many) for 30 minutes at room temperature 
in the dark, the cells were stored at 4°C until 
analysis by flow cytometry. Growing cells 
were identified using flow cytometric dot 
plots of DNA content versus forward scatter 
(CellQuest software, Becton Dickinson) as 
cells with increased scatter and/or increased 
DNA content. Cells undergoing apoptosis 
were identified by analysis of DNA histo
grams or dot plots of DNA content versus 
forward scatter and quantified as percentage 
of cells with sub diploid DNA content [42]. 
The extent of the CD95-mediated apoptosis 



(%) was assessed by formula as described 
elsewhere [16]: 
(CD95-mediated apoptosis - spontaneous apoptosis) X 100 

(100 - spontaneous apoptosis) 

The CD95-mediated apoptosis is the percen
tage of apoptotic cells in the presence of the 
anti-CD95 moAb, and the spontaneous 
apoptosis is the percentage of apoptotic cells 
in the presence of the irrelevant control 
moAb or medium alone. 

Cell samples were regarded as CD95-sen
sitive when the extent of CD95-mediated 
apoptosis was higher than 20%. 

Statistical Analysis 

Results are given as mean ± SEM. Differen
ces were evaluated using the two-tailed, 
non -parametric Mann-Whitney U -test for 
continuous variables and c2-test for catego
rical variables. Differences were considered 
to be significant for P values < 0.05. 

Results 

Expression of the (095 and bcl-2 in C034+ 
and C034- AML 

The surface expression of the CD95 antigen 
and intracellular expression of the bcl-2 pro
tein was analyzed by direct immunofluores
cence in 46 cases of AML which were sub
grouped according to their CD34 expression 
(21 and 25 of cases positive or negative for 
CD34, respectively). All cases, with excep
tion of one CD34+ AML sample, were found 
to express CD95. The level of expression, 
quantitated as relative fluorescence intensity 

Table 1. Expression of CD95 and bcl-2 in leukemic 
cells from de novo AML patients. 

n 
21 
25 

CD95 (RFI)a 
4.4±O.5 
9.6±O.9 

bcl-2 (RFI)" 
4.2±0.4 
2.6±O.2 

a RFI is the ratio of mean fluorescence intensity of 
cells stained for CD95 or bcl-2 to mean fluorescence 
intensity of the corresponding negative controls. 
Average values (mean ± SEM) of RFI estimated for 
the CD34+ and CD34- AML samples are presented. 

(RFI) of the CD95 staining, ranged from 1.9 
to 10.5 for CD34+ samples and from 3.1 to 19 
for CD34- cells. Overall, as summarized in 
Table 1, the CD95 surface expression in 
CD34+ cases was significantly lower 
(p<O.OI) as compared with that in CD34-
samples. 

Bcl-2 could also be detected in almost all 
samples except for one CD34- case. The bcl-2 
expression was significantly higher (p<O.O 1) 
in CD34+ than in CD34- samples (Table 1). 
This difference was also reflected in the ran
ge of bcl-2 expression: from 2.0 to 8.6 in 
CD34+ samples and from 1.2 to 5.7 for CD34-
cells. 

C095-Mediated Apoptosis in AML Cells 

To assess the CD95-mediated specific 
apoptosis, AML cells were cultured for 20 h 
in the presence of the anti-CD95 IgM MoAb, 
and apoptotic cells were detected by flow 
cytometry. A representative example of the 
CD95-mediated apoptosis is shown in Fig. 1. 
The apoptotic cell fraction (subset a) can be 
seen as a subpopulation of cells with lower 
forward scatter and lower DNA content 
compared with normal cells (subset n). 

As shown in Table 2, the CD95-mediated 
apoptosis exceeding a 20% level was detec
ted in 22 cases of CD3r (88%), but only in 6 
cases of CD34+ AML (29%) samples. These 
results demonstrate a considerably higher 
susceptibility of CD34- cells to CD95-media
ted apoptosis as compared with that of 
CD34+ cells. The statistically significant 
(p<O.OOl) difference of mean values of the 
extent of CD95-specific apoptosis (45% in 
CD34- versus 17% in CD34+ samples) sub
stantiates this observation (Table 2). 

To analyze whether CD95-induced 
apoptosis depends on the intensity of CD95 
cell surface expression by the leukemic cells, 
the specific CD95 RFI surface expression 
was correlated with the extent of CD95-me
diated apoptosis. We did not find a correla
tion between the level of CD95 surface ex
pression and the CD95-mediated effects 
(data not shown). Similarly, there was no 
quantitative correlation with the extent of 
bcl-2 expression. 
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Fig.l A-C. CD95-mediated apoptosis of AML cells detected by flow cytometry. The cells were measured either 
immediately after isolation (A) or cultured in standard medium in the absence (B) or presence (C) of anti
CD95 moAb for 20h at 370 C. A subpopulation of apoptotic cells (a) can be readily distinguished from nor
mal, nonapoptotic cells (n) in the density plot of linear DNA content versus forward scatter. In the example 
shown, the spontaneous apoptosis rate was 28% and the CD95-specific apoptosis 83%. 

Table 2. Differential effect of CD95-triggering on CD34+ and CD34- AML cells. 

CD95-mediated apoptosis CD34+ samples CD34- samples 

samples with extent of apoptosis <20% 15/21 (71 %)b 3/25 (12%) 

samples with extent of apoptosis >20% 6/21 (29%) 22/25 (88%) 

mean extent of apoptosis (::':: SEM) 17.4 (::':: 4.3)% 44.6 (::':: 4.4)% 

range of apoptosis (min - max) 0-69% 0-83% 

a Cells were incubated with anti-CD95 IgM moAb for 20 h at 37°C, assessed for apoptosis by flow cytometry 
and the specific CD95-mediated apoptosis was calculated as described in Materials and Methods. Experi
ments were performed at least twice for each leukemic cell sample. 
b Number of cases /total number of cases (percent of cases). 

Comparison of AML Samples in Relation to Their 
Growth Characteristics in Vitro 

Growing cells were identified as cells with 
increased scatter and/or increased DNA 
content. Autonomous growth of AML cells 
was observed in 14 cases of CD34+ AML 
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(67%) and 21 case of CD34- AML (84%). Ex
pression levels of CD95 and bcl-2 were 
found to be not significantly different in 
samples exhibiting autonomous and non
autonomous growth (data not shown). Furt
hermore, we considered susceptibility to 
CD95-triggering of AML samples in relation 



Table 3. Susceptibility to CD95-mediated apoptosis in CD34 + and CD34- AML samples in dependence on their 
growth characteristics in vitro. 

CD34+ AML samples with autonomous growth 
CD34 + AML samples without autonomous growth 
CD34 - AML samples with autonomous growth 
CD34- AML samples without autonomous growth 

to their growth characteristics in vitro (Ta
ble 3). Interestingly, there was no significant 
correlation between CD95-susceptibility 
and growth parameters in CD34- AML. By 
contrast, in CD34+ AML all samples suscep
tible to CD95-mediated apoptosis exhibited 
autonomous growth while the samples with
out autonomous growth were refractory to 
CD95-triggering. 

Discussion 

In the present study, we investigated CD95 
(FAS/APO-l) and bcl-2 expression in leuke
mic blasts from 46 adult patients with de 
novo AML. In addition, AML cell samples 
were tested for their susceptibility to CD95-
mediated apoptosis. We found that almost 
all samples studied (45/46) expressed sur
face CD95 antigen with expression levels, 
however, varying considerably between low 
(RFI=1.9) and high (RFI=19). These results 
are in line with data published by Komada et 
al. [18] demonstrating a similar range of 
CD95 expression levels (1.8-14.8 RFI) in a 
smaller series of 20 AML patients. In con
trast to these findings, Min et al. (43) obser
ved a lower incidence (47%) of CD95 positi
vity (samples containing >20% CD95 positi
ve cells were considered as positive) in 30 
AML samples, and Munker et al. [11] found 
an even lower proportion of CD95 positive 
AML cases detected by fluorescence micros
copy (28%, 13/47 cases). These discrepancies 
could be at least partially due to differences 
in sensitivities of the detection methods ap
plied and in criteria used to define CD95 po
sitivity. Our findings, indicating a broad dis
tribution of CD95 in AML are in line with re
cent reports on CD95 expression in malig
nant hematopoietic cells. Thus, CD95 was 
detected on the majority of myeloma cells 

n Susceptibility to CD95-mediated apoptosis 

14 
7 

21 
4 

yes no 

6/21 
0121 

18125 
4125 

8121 
7/21 
3125 
0125 

[17,20,44], in adult T-cell leukemias [14], 
and in T-lineage ALL [16]. However, its func
tional activity could be observed only in a li
mited number of hematopoietic cell linea
ges. Thus, the crosslinking of CD95 by anti
body was demonstrated to be highly effec
tive in adult T-cell leukemia cells [14, 15] 
and, to a lower extent, in T-lineage ALL [16], 
while myeloma and B-lineage ALL cells [17, 
20, 44] failed to undergo CD95-mediated 
apoptosis, and additional treatment of the 
cells was nessessary to overcome their resi
stance to CD95-triggering [16,18-20]. In the 
present study, a CD95-induced apoptosis 
was observed in 61% of AML cases (28/46 
cases). However, there was no quantitative 
correlation between CD95 expression and 
sensitivity to CD95 in individual samples. Si
milar results were reported by Komada et al. 
[18], who found 8 of 14 samples (57%) to be 
sensitive to CD95-triggering, without a 
clear-cut correlation between CD95 density 
on the cell surface and the extent of apoptosis. 

The most interesting findings emerged 
from subgrouping of AML samples accor
ding to their CD34 antigen expression. In 
normal hematopoiesis, hematopoietic stem 
cells are believed to reside within the CD34+ 
cell subpopulation and immature, CD34 po
sitive and lineage marker negative 
(CD34+lin-) cells were found to be CD95 ne
gative or to express very low levels of CD95, 
and to be refractory to CD95-triggering 
[36]. In myeloid progenitor cells with a 
CD34+CD33+ phenotype low levels of CD95 
expression and susceptibility to CD95-trig
gering have been found [34,36]. By contrast, 
the more mature, CD34-CD33+ myeloid cells 
exhibited high levels of CD95 expression 
and susceptibility to CD95-induced apop
tosis [34]. In addition, mature granulocytes 
from peripheral blood are known to be 
extremely sensitive to CD95-triggering [9]. 
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In AML, expression of CD34 has been de
monstrated in about 30 to 60% of cases, 
often associated with other markers of cellu
lar immaturity, such as CD7, HLA-DR and 
TdT [37]. In the present study, leukemic cells 
in CD34- AML samples were found to ex
press significantly higher levels of CD95 and 
lower levels of bcl-2, as compared with 
CD34+ samples, and revealed significantly 
higher susceptibility to CD95-mediated 
apoptosis. These data suggest that CD34+ 
AML cells are refractory to CD95-triggering 
comparable with normal myeloid progeni
tors. In contrast, leukemic cells from the 
more differentiated AML subtypes with a 
CD34- phenotype might acquire susceptibi
lity to CD9 5-triggering found in normal ma
ture myeloid cells. 

AML blast cells reveal various extents of 
proliferation when cultured in vitro, and au
tonomous growth in AML samples has been 
reported to be an important indicator of a 
poor response to chemotherapy in AML 
[45]. Consistent with previous reports [28, 
33], we observed a considerable number 
of AML samples which exhibited autono
mous growth in vitro. Since a close associa
tion between cell cycle progression and 
CD95-mediated apoptotic cell death has 
been demonstrated in AML cells [18], an in
creased sensitivity of autonomously grow
ing blasts to CD95-triggering could be ex
pected. Indeed, in CD34+ AML, we found 
that all samples which were susceptible to 
CD95-mediated apoptosis also exhibited au
tonomous growth while the samples without 
autonomous growth were refractory to 
CD95-triggering. However, in CD34- AML, 
leukemic samples were found to be highly 
sensitive to CD95-triggering independent of 
their growth characteristics. It can be specu
lated that CD95-mediated apoptotic signall
ing pathways might be cell cycle dependent 
in immature, CD34+, but not in more matu
re, CD34-,AML cells. In this context, it is in
teresting to note that the data reported by 
Komada et al. [18] were mainly obtained 
using a cell line established from a patient 
with immature AML of Ml subtype. It is ob
vious that further studies should be under
taken to investigate cell cycle specificity of 
the CD95-mediated apoptosis in myeloid 
cells dependent on their maturational stage. 
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Intracellular pathways of apoptotic signall
ing involve various gene products, such as 
the members of the Bcl-2 gene family [21,22]. 
InAML, the expression of the bcl-2 proto-on
cogene was extensively investigated, and its 
increased expression was shown to be asso
ciated with resistance of AML cells and my
eloid cell lines to various apoptosis-inducing 
cytotoxic drugs, as well as with a low comple
te remission rate after intensive chemothera
py of AML patients [28,33,35]. In addition, a 
significantly higher bcl-2 level in CD34+ 
AML cells compared with that of CD34- has 
been reported [28]. This difference between 
CD34+ and CD3r AMLs, which was also ob
served in our study, might account for the 
different CD95-sensitivities characteristic of 
these two AML subgroups. However, the ab
sence of a quantitative correlation between 
the expression level of bcl-2 and sensitivity 
to CD95-triggering in our study as well as 
other reports [16, 17] suggests that the ex
pression and complex interactions of other 
members of the bcl-2 family, including bak, 
bax, bcl-XL and bcl-XS, involved in the intra
cellular apoptotic signalling process, have to 
be taken into consideration [22]. 

In conclusion, our data reveal differential 
expression and functionality of CD95 pro
tein in CD34+ and CD34- AML cells. Our fin
ding that CD34- AML samples are highly 
sensitive to apoptotic cell death induced by 
CD95 crosslinking might have some clinical 
relevance. Thus, innovative immunothera
peutic strategies involve application of cyto
toxic T-Iymphocytes (CTLs), e.g. by expand
ing and adoptive transfer of tumor-specific 
T-Iymphocytes, by redirection of CTLs 
against cancer cells by bispecific reagents or 
activation of T -cells at the tumor site [46-
48]. Since, according to recent studies on T
cell mediated cytotoxicity, one of the main 
killing mechanisms used by effector T-cells 
involves CD95-CD95L interactions [49,50], 
CD95-sensitive cells should be more suscep
tible to T cell-mediated cytotoxicity than 
CD95-resistant cells [51]. In acute leukemia, 
this effect was recently demonstrated using 
CD95-sensitive and -resistantAML cell lines 
[52]. In this regard, our results suggest that 
AML with the CD34- phenotype might be an 
appropriate target for T-cell mediated cyto
toxicity. 
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Abstract. The application of Electrospinre
sonance-Spectroscopy (ESR) allows the stu
dy of the structural properties of the cell 
membrane of intact live cells. The spectra 
obtained provide profound information on 
the fluidity, as given by the order parameter 
S, and the polarity (h_1h/h_1P) of the cell 
membrane. The signal reduction gives rise 
to the approximate oxidative activity. In this 
study, the determination of the order para
meter yielded S = 0.092-0.153 for leukemic 
blast cells (n = 18) and leukemia -derived cell 
lines (MOLT-4,KG-l, U 937,H 9,K 562) com
pared to S = 0.155-0.172 for lymphocytes 
and granulocytes of healthy donors. The re
sults show, that the cell membrane of malig
nantly transformed cells is more fluid com
pared to the group of healthy donors. The 
polarity of the cell membrane is low for cell 
lines with (h_1h/h_1P) = 1.5-10, high for the 
group of healthy donors with (h_1h/h_1P) = 
0.35-1.7 and highest in case of leukemic 
blast cells with (h_1h/h_1P) = 0.1-1.3. Cell li
nes, lymphocytes and granulocytes show no 
signal reduction (SR), while leukemic blast 
cells show considerable SR. PMA-activated 
granulocytes show distinctive, PHA-activa
ted lymphocytes show no SR. 

Apoptosis, or programmed cell death, is a 
common feature of the differentiation and 
maturation of cells in all kinds of tissue in 
many organisms, ensuring a controlled pat
tern of cell growth. This form of cell death 
is also assumed to play an important role in 

protection from pathologic cell growth, 
such as in malignant tumors. The starting 
point of apoptosis lies, in contrast to necro
sis, in the nucleus, not affecting the integri
ty of the cell membrane at this early stage. 
In this study, leukemia derived cell lines 
(MOLT-4, U 937, H 9) were induced to per
form apoptosis with the alkaloid Campto
thecin. Intact cells were observed for altera
tions in the properties of the cell mem
brane using ESR. Apoptosis-induced cells 
showed a characteristic ESR-spect
rum 12-18 h after induction with campto
thecin, consisting of a distinctive increase 
in membrane fluidity (S = 0.091-0.104) 
and polarity [(h_1h/h_1P) = 0.16-0.4] com
pared to non-induced cells [S = 0.12-0.14, 
(h_1h/h_1P) = 1-1.8]. These findings are 
significantly different from that in case 
of necrosis and current studies aim at con
firming the possibility to determine the 
fraction of cells performing apoptosis in 
a population of live cells under certain 
conditions (i.e., cytostatic drugs) using 
ESR. 

Introduction 

Modern techniques of cellular biology ena
ble the scientist to study a great variety of 
processes concerning life and death of cells. 
Among these, many processes involve the 
cellular membrane. 
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Electronspinresonance spectroscopy 
(ESR) is a powerful technique to study the 
properties of the cellular membrane of 
intact live cells. The evaluation of ESR spec
tra allows to determine different parame
ters, such as membrane fluidity, polarity 
[1,2] and signal reduction [3]. 

Equipped with a characteristic set of pro
teins, every cellular membrane is capable of 
performing highly specialized functions. 
Many of them can be studied specifically. 

In contrast, every cellular membrane con
sists basically of the same phospholipid bi
layer structure as described by Singer and 
Nicolson [4]. The physical and structural 
properties of this cellular backbone are of 
great interest. 

The bilayer in its entirety shows the pro
perties of a liquid and gel-like substance res
pectively. In this context, the term fluidity 
describes the quality of ease of molecular 
movement in a macromolecular environ
ment. Fluidity is essential for the cellular 
plasticity and seems to be crucially impor
tant for the regulation of membrane pro
teins [7]. Previous studies have pointed out 
the possible role of changes in membrane 
fluidity in correlation to malignancy [5,6]. 

The fluidity of a cellular membrane is de
termined by its lipid composition to a great 
extent. Accordingly, changes in fluidity are 
mainly caused by alterations of the phos
pholipid bilayer. Several studies have shown 
the influence of membrane proteins on the 
fluidity to be negligible [1,2]' although the 
percentage by weight in eukaryotic cells 
amounts 50% and more [7]. 

Another structural property of great 
interest is the polarity of the cellular mem
brane. Studies of the polarity may provide 
important information on lipid-protein in
teractions and different patterns of pertur
bation in the phospholipid bilayer. 

The aim of this study is to systematically 
investigate and characterize physical and 
structural properties of the cellular mem
brane of intact live cells obtained from he
matologic patients. 

Following the encouraging results of our 
investigations, our interest was then focused 
on the process of apoptosis and its influence 
on the properties of the cellular membrane 
as observed by ESR-spectroscopy. Attention 

132 

was paid especially on the dynamics and the 
time dependence of alterations within the 
phospholipid bilayer and a comparison to 
the process of necrosis. 

Materials and Methods 

Materials 

Leukemic blast cells at the onset of child
hood leukemia and different leukemia-deri
ved cell lines formed a group of malignantly 
transformed cells. Due to the lack of experi
ence in the systematic study of leukemic cell 
material by ESR, our first interest aimed at 
the observation of blast cells from the onset 
of the disease, were no specific drug effects 
would complicate the interpretation of the 
results. 

Cell lines represent a suitable control for 
the group of malignantly transformed cells. 
Following good conditions in the cultivati
on, they are available at any time. Their cel
lular membrane properties were being stu
died frequently in order to rule out systema
tic errors. 

Lymphocytes and granulocytes from 
healthy donors represented the control 
group. 

Methods 

Cell Separation 
Cell separation was performed using a den
sity-gradient centrifugation. This yielded a 
purity of mononuclear and polymorph
nuclear cells of more than 90%. An amount 
of at least 106 cells is required per sample. 

After separtion, a cell suspension with a 
concentration of 106 cells/ml is established, 
and portions of 1 ml are distributed to Ep
pendorf cups. 

Spin Labeling 
Eppendorf cups are centrifugated 2 min 
with approximately 300 g. The pellet is then 
resuspended in 50 fll phosphate buffered sa
line (PBS). Spin labeling is performed by the 
addition of 1 fll of a 5-mmol solution of 16-
doxyl-stearic-acid in pure ethanol. The sam
ple is vigorously stirred for 5-10 sand after-



wards incubated for 3 min. The spin label is 
then washed out by the addition of 1 ml PBS, 
stirring and centrifugation with 300 g. After 
resuspension of the pellet in 50 III PBS, the 
labeled cells are transferred in a 50-Ill capil
lary which is placed in the ESR spectrome
ter. 

Induction of Apoptosis 
To study the influence of apoptosis, leuk
emia derived cell-lines MOLT-4, U 937 and 
H 9 were induced to perform apoptosis by 
use of the alkaloid camptothecin. To confirm 
a successful induction, we performed gel el
ectrophoresis, an acridin-orange dye and a 
morphologic control by the use of Pappen
heimdye. 

ESR Spectroscopy 
ESR-Spectroscopy is based on the detection 
of magnetic spin moments as presented by 
free electrons. Consequently, ESR-Spectro
scopy requires the presence of molecular 
structures with stable free electrons. Biolo
gical membranes usually do not fulfill this 
requirement, why spin label molecules are 
being introduced into the cellular membra
ne. These molecules provide a paramagnetic 
reporter group with a free electron (Fig. I). 

HC/\C 

The similarity of the basic structure of 
these amphipathic molecules, consisting of 
an apolar fatty acid chain and a polar car
boxyl head group, compared to the structure 
of the phospholipids, enables the spin label 
to be readily incorporated into the cellular 
membrane (Fig. 2). 

Subsequently to the labeling of the cells 
(2.2.2), the sample is placed in the ESR spec
trometer and simultaneously exposed to a 
magnetic field of increasing strength and 
microwave radiation of constant frequency. 
Increasing the magnetic field strength over a 
well-defined narrow range, leads to energy 
absorption by the free electrons, resulting in 
a characteristic resonance spectrum. 

The form of this spectrum depends main
ly in the degree of mobility of the spin label 
molecules within the cellular membrane as 
well as of the polarity of the latter. The mobi
lity is related to the degree of order of the 
cellular membrane and its fluidity respec
tively. An increase in the degree of order 
leads to a decrease in fluidity. Figure 3 shows 
an exemplary ESR spectrum with the cha
racteristic triplet form, consisting of three 
distinct peaks (h+I, ho, hI)' as obtained by a 
solution of spin label 16-doxyl-stearic acid 
(16-DSA) in water without cellular material. 

COOH 

Fig.1. Spin label 16-doxyl
stearic-acid with parama
gnetic reporter group 

3 1-), U - Reporter group 

Fig. 2. Simplified biological 
membrane with incorpo
rated spin label 16-DSA 
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Fig. 3. Watery solution of spin label16-DSA without 
cell material 

In this case, spin label molecules are freely 
mobile in all directions of space. 

Figure 4 shows an ESR-Spectrum of a cell 
suspension. In contrast to Figure 3, spin la
bel molecules are incorporated into the cel
lular membrane and their mobility is re
stricted. Increasing restriction of mobility 
corresponds to a broadening and flattening 
of the spectrum. 

ESR-spectra allow to determination of 
different parameters quantitatively: 
1. Order parameter S is calculated by the 

values An (parallel) and AI (perpendicu
lar) (Fig. 4). S measures the degree of or
der of the cellular membrane. An increase 
in the degree of order corresponds to a 
decrease in fluidity. S ranges from 0, most 
fluid, to I,least fluid. 

2. The partition coefficient f can be deter
mined, when splitting of the third peak 
occurs (Fig. 4). It is given by the ratio of 
the two components of the h_1-peak: f = 

h,.1 h" 
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hsIH/hsiP. f is a measure for the mem
brane polarity. It ranges from 0, highest 
polarity, to 00, lowest polarity. 

Results 

Differentiation Between Malignant and 
Non-Malignant Cells 

The evaluation of the obtained ESR-Spectra 
has confirmed our assumption that each 
type of cell investigated in the course of this 
study, can be assigned to a group with cha
racteristic properties of the cellular mem
brane. Among these, the differentiation be
tween malignant and non-malignant cells 
by means of the order parameter S, was most 
significant. Within the groups "malignant" 
and "non-malignant", the determination of 
the polarity shows significant differences 
between leukemic blast cells and cell lines. 

Table I shows the results of the calculation 
of the order parameter S and the determina
tion of the partition coefficient f. 

The results indicate, that the cellular 
membrane of non-malignant cells has a 
higher degree of order and is less fluid com
pared to the malignant group. Within both 
groups, with exception of cases of AML, no 
significant differences were observed. A ten
dency to relatively low fluidity was seen in 4 
out of 5 cases of AML. 

The cellular membrane of leukemic blast 
cells shows a significantly higher polarity 
compared to the cell lines (KG-I, MOLT-4, K 
562, HL 60). No significant differences in po-

Fig. 4.ESR-Spectrum of cell 
suspension, criteria for 
evaluation 



Table 1. Values of order parameter S and partition coefficient f 

Cell material 

I. Non-malignant (n = 23) 
a) Lymphocytes 
b) Granulocytes 

II. Malignant (n = 43) 
a) Cell lines 
b) Leukemic blasts 

larity could be observed in the group of non
malignant cells. 

Cellular Membrane Characteristics of Apoptosis and 
Necrosis 

The study of the process of apoptosis yiel
ded further interesting results. According to 
expectations, cellular necrosis revealed early 
changes indicating a perturbation of the 
phospholipid bilayer integrity. 

This corresponds to a strong increase in 
cellular membrane polarity, whereas the 
membrane fluidity is not significantly alte
red. 

Incidentally, it is a remarkable phenome
non, that in the hydrophobic core of the cel
lular membrane, necrosis does not seem to 
have a significant influence on the membra
ne fluidity. Thus, fragments of the phospho
lipid bilayer do obviously have the same flui
dity as the intact bilayer. 

In apoptosis-induced cells, the starting of 
DNA-fragmentation can be monitored in gel 
electrophoresis after 2 h and it is completed 

Order parameter S 

S = 0.155-0.172 
S = 0.163-0.172 

S = 0.092-0.149 
S = 0.100-0.152 

Partition coefficient f 

f= 0.35-1 
f = 0.47-1.7 

f=1.5-10 
f=0.1-1.3 

after approximately 8 h. Accordingly, in the 
Acridin-Orange dyed samples, apoptosis is 
dearly recognizable in more than 90% of the 
cells. 

ESR-Spectroscopic studies after 2-8 h do 
not show any significant changes concer
ning the cellular membrane. This is confir
med with the dye Trypan Blue, which is able 
to prove the vitality of the cellular membra
ne. In more than 90% of the cells, the cellular 
membrane was found to be intact. 

Earliest significant changes observed by 
ESR, were recognized after 12-14 h. This re
sulted in a strong increase of membrane flu
idity as well as membrane polarity. Maxima 
were reached after 16-18 h (Fig. 5). 

Continuing ESR-spectroscopic observa
tion leads to additional interesting results. 
After approximately 24 h fluidity decreases 
again, finally reaching a level that is charac
teristic for the intact membrane and necro
tic fragments, respectively. 

This result is of course not surprising as 
the process of apoptosis finally leads to a 
pattern of damage that does no longer allow 

110 Gauss I 
CD Grey: U 937, Control 
@ Black: U 937, apoptosis-induced 

Fig. 5. ESR-Spectra, control and apoptosis-induced sample 
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the differentiation between apoptosis and 
necrosis. In this state, the cellular membrane 
is disintegrated to a large extent. 

Discussion 

In the course of our ESR-spectroscopic stu
dies, we were able to reliably discriminate 
different cell types by means of characteris
tic properties of the cellular membrane. A 
reliable differentiation between intact live 
malignant and non-malignant cells could be 
established, although, to the present stage, 
the systematic study of cellular membrane 
properties within the group of leukemias 
did not yield an obvious correlation to clini
calor immunological aspects in the case of 
ALL. The tendency of AML to show relative
ly low fluidity is subject to further confirma
tion. The considerable increrase in membra
ne fluidity observed during the process of 
apoptosis is an interesting phenomenon. 
Our results suggest that the fluidization of 
the cellular membrane is an effort, that is 
bound to the integrity of the phospholipid 
bilayer. To the present, we have not been able 
to report fluidity of this extent in a case 
other than in apoptosis. 

Moreover, these findings indicate that 
fluidization of the hydrophobic core of the 
cellular membrane can not simply be put on 
a level with membrane damage. 
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Future studies will be focused on the 
changes in the cellular membrane prop
erties caused by drug treatment, especially 
by cytostatic drugs. 
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Abstract. For subtyping acute leukemias the 
French -American -British (FAB) classifica
tion system has been the most widely used 
system. The system uses morphological and 
cytochemical criteria to initially define mye
loid and lymphoid groups. Since the re
cent availability of monoclonal antibodies 
(MoAbs) recognizing various differentia
tion antigens the diagnostic precision has 
increased. Immunologic assessments of cell
surface antigen expression have now been 
recognized as providing an additional set of 
criteria upon which to base a more compre
hensive description of leukemic cells. 

In the present study we describe the com
bination of Pappenheim staining with an im
munocytochemical method (APAAP-com
plex-technique), providing the visualization 
of morphological features as well as cell sur
face antigens, e.g., CD2, CD3, CD7, CDI0, 
CD 13, CDl4, CD 19, CD20, CD24, CD34, HLA
DR and TdT in air-dried cell smears from 
different subtyps of leukemic blasts 
(ALL/AML) form children and from leuk
emia-derived cell lines (Molt-4, REH, U937). 

Following May-Gruenwald Giemsa stain
ing, the morphological structure of cells was 
examined under an optical microscope, 
photographed, destained, fixed and immu
nolabe1ed by a modified alkaline phospha
tase anti-alkaline phosphatase (APAAP) 
complex technique with repeated incuba
tion steps using Silicone-Chamber-System 
(SCS). 

After finishing the immunoenzymatic 
colour reaction by the application of naph
thol AS-MX-phosphate and Fast Red TR Salt 
as chromogenic substrate the marked cell 
areas were visualized and photographed 
again. 

Performing the proposed schedule, it was 
still possible to classify acute leukemias ac
cording to their surface marker expression 
and to distinguish simultaneously between 
myeloid and lymphoid cells by morphologi
cal criteria. 

In conclusion, the application of simulta
neous staining procedure allows the direct 
comparison of morphology by light micro
scopy and the marker expression at single 
leukemic blast cell level. 

Introduction 

Acute leukemias are traditionally classified 
according to their morphological and cyto
chemical features, according to the French
American-British (FAB) classification 
system [2-5]. The initial FAB classification 
was particularly limited in defining differ
ences among lymphoid leukemias. Criti
cisms of the FAB classification system have 
been raised because one cannot distinguish 
between immunologic subgroups by mor
phological criteria [6, 15]. Immunological 
assessments of cell surface antigen expres
sion have now been recognized as providing 

J. w. Goethe-University, Clinic of Pediatrics-III, Department of Hematology and Oncology, Theodor-Stern
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an additional set of criterion upon which to 
base a more comprehensive description of 
leukemic cells [16, 17]. Since the recent avail
ability of monoclonal antibodies (MoAbs), 
recognizing various differentiation antigens 
(CD) using immunofluorescence analyses 
on microscope or flow cytomer (FACS) the 
diagnostic precision has increased [1,13,15, 
17-19]. 

There are, however, still cases (e.g., AML
MO and AML-M7) that cannot be judged by 
morphological nor by immunological fea
tures alone [16-18]. In these circumstances 
it would be very helpful, to be equipped with 
a technique that allows simultaneous analy
sis of cells for hematological characteristics 
and immunological cell marker profils [12, 
14]. The additional detection of antigens 
could help to come to an accurate diagnostic 
decision [14]. 

Problems 

The Pappenheim-staining procedure (May
Gruenwald Giemsa) is the most common 
technique for morphological and cytodiag
nostic studies in hematology. On the other 
hand, a morphological reviewing of cells ap
plying panoptical staining procedures 
alone, is dependent on the investigators ex
perience as well as on the quality of the cells 
to be analysed. Perhaps the interpretation 
remains to be difficult and not in any case a 
reliable and satisfactory reason can be given 
to decide the diagnosis ALL or AML. An ad
ditional characterization of such undefin
able cells using monoclonal antibodies 
should support one to find an exact diagno
SIS. 

Aim 

Therefore in the present study our intention 
was the development and standardization of 
a practicable method, that adds an immuno
logical marker profile to cells that are still 
morphologically characterized by conven
tional panoptical Pappenheim stain. The 
new combined staining procedure (CSP) 
should close the gap between conventional 
hematology and immunology. CSP should 
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enable one to additionally proof antigens 
that are of relevance in acute leukemias and 
therefore lead to a more detailed diagnosis. 

Material and Methods 

Patients 

Samples were collected from peripheral 
blood or from bone marrow aspirates of pa
tients with acute leukemias and from 
healthy donors. The diagnoses were based 
on criteria of the FAB classification system 
completed by immunophenotyping using 
flow cytometry (FACScan/BD) to assess leuk
emic cell differentiation to characterize the 
profile of cell surface marker expression [1, 
13,18]. 

For immunophenotyping peripheral 
blood and bone marrow the smears were 
prepared as for conventional hematological 
examinations. Smears were air dried at room 
temperature for 12-24 h or partly stored at 
- 20°C for retrospective analyses [8, 11]. 
Most slides were stained immediately after 
preparation. Frozen smears were thawed for 
5 min, before fixation. 

Cell Cultures 

Likewise the new staining procedures was 
performed to cytospin preparations and 
smears of various leukemia derived cell lines 
(Molt-4: T-lineage-ALL, REH: B-lineage
ALL, V937: Promyelocytic AL): The cell lines 
were cultured in RPMI 1640 medium sup
plemented with 10% heat-inactivated fetal 
bovine serum, 4 mM L-glutamine, 100 Vlml 
penicillin and 100 f1,g/ml streptomycin. 

Fixation 

Immediately before immunolabelling con
trol slides applying standard APAAP-com
plex system, cell smears were fixed with glu
taraldehyde (Sigma Diagnostics) for 5 min 
to demonstrate surface markers, or with ace
tone for 90 s for staining intracytoplasmic as 
well as nuclear antigens. Following fixation 
and before labelling, slides were rinsed in 



Dulbecco's phosphate buffered saline (PBS; 
Gibco). In the present study we have exam
ined an additional number of fixatives 
(methanol, acetone, paraformaldehyde, 
methanol!paraformaldehyde ). 

Silicone Chamber System (SCS) 

In order to determine a different number of 
antigens on one and the same slide, we used 
the application of a self-developed Silicone 
Chamber System [9]. The reaction fields are 
prepared with a commercially available sili
cone-sealant. This system offers the advan
tage that each slide can accomodate several 
different monoclonal antibodies separately 
on the reaction fields, without the risk of un
controlled spreading of reagents. After com
pletion of the immunoreaction, the silicone 
is easily removed using a scalpel. Counter
staining with hematoxylin and covering of 
the smears can be carried out, thus enabling 
a light microscopic evaluation. 

Table 1. CD cluster of differentiation 

Monoclonal Antibodies 

Monoclonal antibodies (MoAbs) against T
and B-lineage antigens as well as MoAbs 
against myeloid and precursor cells were 
used to investigate the applicability of dem
onstrated procedure. Details of monoclonal 
antibodies used in this study are given in Ta
ble 1. Soluble Alkaline phosphatase anti-al
kaline phosphatase (APAAP) complexes and 
secondary antibodies (rabbit anti-mouse 
immunoglobulins) were obtained from 
DAKO. Working dilutions of APAAP-com
plexes and bridging antibody were 1 :40. 

Standard APAAP-Complex Technique 

To be able to evaluate antigen expression of 
cells, we additionally from each case per
formed preparations to conventional 
APAAP procedure, as described previously 
by Cordell et al. 1984 [7]. The intensity of 
colour reaction of these internal controls 

Monoclonal antibodies used for combined staining procedure (CSP) 

Antibodies Cellular distribution of antigens Working Source 
CD no. dilution 

CD2 T-cells; most NK-cells; (SRBC receptor, LFA-2 1:100 DAKO 
receptor,LFA-3 (CD58) ligand 

CD3 T-cells; (CD3 complex associated with T-cell 1:50 DIANOVA 
receptor TCR -u/i3 or -"'1/'0) 

CD7 T -cells; NK -cells; immature myeloid cell subsets 1:50 DIANOVA 
(involved in T - and NK-cell activation) 

CD 10 Pre-B cell subsets; B-cell subset; cortical 1:20 DIANOVA 
thymocyte subset; granulocytes; (CALLA; neutral endopeptidase) 

CD 13 Most cells of myeloid origin (gp 150; aminopeptidase N) 1:20 DIANOVA 

CDl4 Monocytes, macrophages, granulocytes, dendritic 
cells, B-cells; (PI -linked); Langerhans' cells; 

1:50 BD 

expression in AML but not in ALL 

CD19 Precursor B cells and B cells 1:20 DAKO 

CD20 Precursor B cell subset; B cells; follicular dendritic cells 1:50 BD 

CD24 B-cells; granulocytes and epithelial cells 1:100 DIANOVA 
(PI -linked) 

CD34 Hematopoietic precursor cells; endothelial cells 1:20 BD 

HLA-DR B-Iymphocytes, activated T-cells; monocytes 
macrophages, thymic epithelial cells, blast bells of 
acute myelogenous leukemia 

1:20 DIANOVA 

TdT Most lymphoblastic leukemia and lymphoma; 1:20 DAKO 
cortical thymocytes and a minor subset of bone 
marrow pre-lymphocytes 
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can be compared with those maintained by 
the presented combined staining procedure. 

Each incubation step of standard APAAP
method lasted 30 min, with 3 min phospha
tase buffer (PBS) washes between each step. 
Negative control staining was performed by 
omitting the primary MoAb and substitut
ing with buffer solution. In order to increase 
the labeling intensity, the incubation with 
the secondary antibody and the APAAP 
complexes was repeated. To inhibit irrever
sible endogenous alkaline phosphatase ac
tivity,1 mM levamisole (Sigma Diagnostics) 
was added to the substrate-chromogen reac
tion (naphthol-AS-MX-phosphate / Fast 
Red TR-salt). Following indicator-reaction 
(10-20 min) preparations were counter
stained using hematoxylin. During all incu
bation steps, slides were placed horizontally 
and all stages were performed in a plastic 
humidity chamber. Smears were mounted 
with Kaiser's glycerol gelatine (E. Merck) 
and examined microscopically. 

Combined Staining Procedure (CSP) 

For simultaneously demonstrating mor
phology and immunological profile of cells, 
firstly the prepared cell smears were pro
cessed applying standardized Pappenheim 
method. Panoptically stained smears were 
examined under an optical microscope 
(Olympus BH) and representative areas were 
selected and photographed. For the immu
nophenotyping procedure the smears were 
prepared as follows. In order to place selected 
MoAbs to defined areas on cell smears we ap
plied our Silicone Chamber System. Subse
quently smears were destained and fixed 
again. The APAAP technique was performed 
as described above. For best staining results 
all incubation steps were repeated. The pri
mary MoAb was incubated at room tempera
ture for 12 h. As a chromogenic substrate 
likewise naphthol AS-MX phosphate and 
Fast Red TR salt was used. After finishing the 
immunoenzymatic color reaction the previ
ously specified cell areas on the smears were 
visulaized under an micros cop and photo
graphed again. Both pictures (photo 1: Pap
penheim staining; photo 2: APAAP labeling) 
made from the identical cell area are com-
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pared and evaluated for morphological and 
immunological features. 

The standardized conditions of the pre
sented combined staining procedure are giv
en in detail in Figure 1. 

Results 

Peripheral blood and bone marrow samples 
from children suffering from different sub
types of acute leukemias as well as leukemia
derived cell lines were analysed. The APAAP 
complex technique was shown to be poten
tial value for the immunological character
ization of human leukemia since it could be 
applied directly to smears of blood and bone 
marrow cells [8,10,11,14]. 

Fixatives 

In immunochemistry fixation is an impor
tant aspect, for immunocytochemical tech
niques are always dependent on fixed tissues 
or cell preparations. Any fixation is shown to 
affect the results of the immunocolour reac
tion. Ideally a number of criteria should be 
fullfilled when incubating mainly organic 
solvents. The procedure of fixing should 
cause minimal denaturation of the antigens 
and on the other hand preserve morpholo
gy, too. In the present study we compared the 
intensity of the antigen expression perform
ing standard APAAP omitting May-Gruen
wald Giesma stain. Our results maintained 
by CSP in relation to the fixation are com
prised in Table 2. Among different fixatives 
routinely applied in immunohistochemis
try, methanol, acetone and PFA used exclu
sively, seemed not to be very suitable revis
ing the topic question. The mentioned fixa
tives, separately inspected, resulted in signif
icant loss of immunoreactivity of antigens. 
Although especially acetone is known to 
preserve of antigenic structure of most cells 
surfaces, it was not satisfactory in CSP. A 
combination of methanol and PFA immedi
ately before immunolabeling preparations 
proved to the adequate for evaluating anti
genic pattern. 



primary MoAb 

Fig.1. Combined staining procedure (CSP) 

May-Gruenwald-Giemsa staining 
C'Pappenheim" -procedure) 

1 st Photo - Documentation 

Destaining I Fixation 

AP AAP-Complex-technique 

2nd Photo - Documentation 
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Table 2. Influence of different CSP conditions on the intensity of antigenic pattern of acute leukemic blast 
cells 

Conventional APAAP Combined staining procedure (CSP): 
Antigen control reaction May-Gruenwald-Giemsal APAAP 

(fixation: aceton) Methanol Acetone PFA Methanol/PFA 

CD2 +++ + + + + 
CD3 +++ + + + ++ 
CD7 +++ ± ++ + ++ 
CD10 ++ ± 
CD 13 

n.t. ± 
CD14 ++ n.t. n.t. + ± 
CD19 ++ ± + + 
CD20 ++ ± ± + 
CD24 +++ +++ + + +++ 
CD34 ++ ++ + ++ 
HLA-DR ++ n.t. ± ± 
TdT + 

negative +1- maybe positive or negative ++ strongly positive 
+ positive +1- very strong positive n.t. not tested 

Immunocytochemistry 

The application of monoclonal antibodies 
by APAAP-complex technique on cell 
smears allowed an accurate identification 
and characterization of leukemic blast cells 
[11]. A subtype associated marker profile of 
acute lymphoblastic leukemias was assigned 
initially by flow cytometry reviewed on rou
tinely prepared smears with a highly sensi
tive immunoenzymatic labeling system 
(APAAP), firstly described by Cordell et al. 
[7]. Standardized APAAP technique at the 
same time served as a control in comparison 
to demonstrated combined staining proce
dure (CSP). The antigenic profile of the leuk
emic cells and intensity of color reaction was 
determined under an optical microscope. 
Antigen-positive blast cells were easily iden
tified in blood and bone marrow smears and 
in cytospin preparations, since they showed 
a vivid red reaction. Antigenic refractivity in 
cell smears is still possible within 1 week af
ter storage at room temperature or for at 
least 1 year at - 20°C or 4 years at - 80 °C 
[8]. 

Combined Staining Procedure (CSP) 

The present chapter reports an evaluation of 
simultaneous demonstration of morpholog-
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ical and immunological features of the blast 
cells on single cell level, based on the appli
cation of a combined staining procedure 
(CSP).The improved staining procedure was 
performed on routinely prepared air dried 
cell smears. The principle of the CSP we es
tablished is shown in detail in the flow-chart 
(Fig. I). 

Figure 2 exemplarily illustrates photo
graphs of bone marrow smears from pa
tients with common acute lymphoblastic 
leukemia. These pictures document our re
sults to be found by the described CSP. The 
last picture demonstrates the control reac
tion immunolabeling cell smears by con
ventional APAAP system. The success of 
CSP depended on a multitude of different 
single parameters (fixative, density of anti
gens). The fixation procedure following the 
panoptical staining proved to be the most 
critical step in the demonstrated system. 
These effects are summarized in Table 2. 
The addition of usually applied fixatives 
(methanol or PFA) prior to immunostain
ing resulted in a reduction or loss of anti
genic activity. Better results were partly re
tained by using acetone. No detection of 
antigens like CDlO, CD13, CD34 and termi
nal transferase (TdT) was observed. It was 
surprising that approximately acceptable 
staining results were given by a combina
tion of PFA and methanol. Nevertheless a 



May-Gruenwald-Giemsa procedure 

cALL; bone marrow smear: 

cALL; bone marrow smear: 

conventional APAAP-procedure: 

cALL; bone marrow smear: 
labeling of leukemic blast cells: CD24 

more moderate colouring in contrast to the 
conventional APAAP-technique was un
avoidable. Performing the proposed sched
ule, the immunoenzymatically detection of 
TdT, an intracellular located antigen, wasn't 
possible till now. 

No staining results were seen by changing 
the sequence of CSP schedule, because no 
acceptable panoptical stain was reached. 

Immunological detection of antigens 

labeling ofT-lymphocytes: CD7 

labeling of leukemic blast cells: CD 19 

Fig. 2. Demonstration of staining results providing 
combined staining procedure (CSP) 

Discussion 

According to the French-American-British 
(FAB) classification system panoptical 
staining procedures usually enable the clas
sification of acute leukemias, based on mor
phological and cytochemical criteria. Usual
ly the information maintained by these tech
niques is sufficient to discriminate between 
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ALL and AML. Especially atypical leukemias 
as well as very undifferentiated leukemic 
blast cells (e.g., AML-MO, AML-M7) often 
cannot be classified definitely. Additionally 
immunological phenotyping is provided to
day, particularly in acute lymphoblastic leuk
emias (ALL) to subclassifity these malig
nanCIes. 

Likewiese the infiltration of minimal re
sidual tumor cells (i.e., MRD) in bone mar
row in hematological complete remission is 
very difficult to identify by morphological 
and immunological criterion alone. A com
bination of these both methods may close 
this diagnostical gap and improve the dia
gnostic accuracy in selected cases. It is sug
gested that immunotyping, when added to 
morphological assessments, provide addi
tional information about the nature of the 
leukemia. 

To reveal antigens that constitute impor
tant diagnostic markers we studied the reli
ability of our established esp. Some modifi
cations of the immunostaining were neces
sary to obtain an efficient result. It has been 
suggested that the fixation procedure is the 
key element in the combined visualization of 
morphological and immunological aspects. 
Among different fixatives examined, PFA, 
following de staining procedure using a 
short time incubation with methanol, 
proved to be adequate for immunologic 
staining. Nevertheless fixation is always a 
comprise and the requirements of an ideal 
and adequate fixative vary according to the 
different antigens, staining techniques and 
topics. For quantitative measurements of 
cell-surface antigen expression, however, the 
precise effects of the fixatives on the detec
tion of the studied antigen should be deter
mined for each antigen individually. To 
reach sufficient staining results, with esp it 
is absolutely indispensable to strictly keep 
the sequence of the reaction schedule. 

The esp provides the possibility to ana
lyse different cells from peripheral blood, 
bone marrow or from culture simultaneous
ly for hematological characteristics and im
munological cell marker profiles. A se
quence of staining procedures maintaines 
components of the May-Gruenwald Giemsa 
staining followed by the highly sensitive 
APAAP-complex system. 
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Further studies, performed on air dried 
cell smears or cytospin preparations from 
acute leukemias and other hematological 
disorders, are underway in our division in 
order to detect the expression of additional 
relevant markers using the combined stain
ing procedure. 
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Anomalistic Signaling as a Possible Biochemical Explanation for 
Discordant Maturation in Chronic Myelogenous Leukemia (CML) 
B. CLARKSON1,2, A. STRIFE1, D. WISNIEWSKI2, C. LAMBEK3 and N. CARPIN04 

Abstract. The 9;22 chromosomal transloca
tion characteristic of CML results in a fused 
bcr/abl gene and an abnormal fusion pro
tein, p210bcr/abl. Relative to normal c-abl, 
p210bcr/abl has elevated tyrosine kinase activ
ity that is essential for its transforming ac
tivity. We recently reported a prominent 62 
kDa GAP-associated P-tyr protein and 5 ad
ditional consistent but less prominent P-tyr 
proteins as well as 5 more minor P-tyr pro
teins that are constitutively tyrosine phos
phorylated in primary primitive lineage 
negative (lin) chronic phase CML blasts 
but not in comparable primary lin-normal 
blasts. The GAP-associated p62 protein has 
now been purified, sequenced and its gene 
has been cloned; it is a previously unidenti
fied protein and is currently being charac
terized. 

In analyzing P-tyr proteins in primary 
lin- normal blasts in response to various he
matopoietic cytokines, we found a striking 
similarity in the tyrosine phosphorylation 
of 4 major and 3 minor proteins after stimu
lation with c-kit ligand (KL) and the P-tyr 
proteins that are constitutively phosphory
lated in primary primitive lin - chronic phase 
CML blasts. Other cytokines tested (ie, GM
CSF, G-CSF, IL-3, FLT3 ligand, TPO, EPO) 
were much less active or stimulated phos
phorylation of other proteins. KL/c-kit and 

bcr/abl have some similar activities includ
ing enhancing survival and expansion of he
matopoietic progenitor cells, probably act
ing primarily on early progenitors at the 
time of lineage commitment rather than on 
self-renewing stem cells. 

Activation of growth factor receptors pro
mote a cascade of protein phosphorylations 
that can ultimately result in a wide range of 
cellular responses. Sustained activation of 
discrete signaling pathways in some types of 
cells results in differentiation, whereas tran
sient activation instead causes a prolifera
tive response; in other cell types, the con
verse is true. It may be postulated that stem 
cells and primitive progenitors are at a par
ticularly susceptible stage of development 
that renders them especially responsive to 
sustained bcr/abl-induced phosphorylation 
of a number of signaling proteins that are 
components of critical regulatory pathways, 
including c-kit. The affected pathways con
trol and coordinate multiple diverse cell 
processes including proliferation, differen
tiation, maturation, and apoptosis, process
es that are normally tightly regulated and in
tegrated. Perturbation of these key pathways 
in primitive progenitors would be expected 
to seriously disrupt orderly hematopoiesis 
and could also explain the multiple subtle 
pleiotropic biological abnormalities charac-
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teristically observed in later maturing CML 
compartments that we have collectively des
ignated "discordant maturation:' The true 
situation is undoubtedly very complex and 
involves interaction of multiple cytokines 
and signaling pathways that we are now try
ing to define. Constitutive down-stream ac
tivation of critical pathways in susceptible 
early progenitors that normally require KL 
or other factors for activation could explain 
most if not all features of the disease. 

Introduction 

Ever since chronic myelogenous leukemia 
(CML) was first described as a specific dis
ease entity 150 years ago [1-5], various theo
ries have been proposed to explain the most 
prominent feature of the disease, namely ex
pansion of the myeloid compartment and 
especially of the granulocytic lineage. 

In the ensuing years, CML was gradually 
distinguished from other types of leukemia 
and other myeloproliferative diseases on the 
basis of differing clinical and pathological 
features, but the first real clue as to its patho
genesis was the landmark discovery in 1960 
of an abnormally small chromosome in the 
leukemic cells, thereafter designated the 
Philadelphia (Ph) chromosome [6-9]. A 
decade later the Ph chromosome was identi
fied as a modified 22 chromosome [10], and 
a few years later Rowley showed that the Ph 
anomaly resulted from translocation of the 
distal segment of the long arm of chromo
some 22 to the distal portion of the long arm 
of chromosome 9 [t(9;22) (q34;qIl)] [Il].In 
this translocation, the c-abl oncogene is 
transposed from its normal position on 
chromosome 9 (q34) to a 5.8 kb major 
breakpoint cluster region (M-bcr) on chro
mosome 22qll, forming a fusion bcr/abl 
gene [12-15]. The bcr/abl gene transcribes a 
novel 8.5 kb mRNA which in turn encodes a 
p210 kDa protein which, unlike the normal 
c-abl protein, is phosphorylated on tyrosine, 
and has increased intrinsic protein tyrosine 
kinase activity compared to that of the nor
mal c-abl protein [16,17]. Because the tyro
sine kinase activity of the Abelson murine 
leukemia virus product, pl60v-abl, is known 
to be necessary for cellular transformation 

[18], it was suggested that the p210bcr/abl ty
rosine kinase may have an important role in 
the pathogenesis of CML [17, 19-21]. A great 
deal of experimental data have now accumu-
1ated lending support for this suggestion 
[22-26]. 

Three major forms of BCR-ABL fusion 
proteins are now recognized, and it appears 
that the inclusion or exclusion of BCR exons 
is largely responsible for determining the 
disease phenotype caused by these proteins 
[27, 28]. The smallest fusion protein, 
p190bcr/abl (m-ber breakpoint), predomi
nantly causes acute lymphoblastic leukemia 
(ALL) and is only rarely associated with 
CML, AML or other diseases. p210bcr/abl (M
bcr) is the commonest fusion protein and 
most frequently causes classical CML but 
can also be associated with ALL,AML (usu
ally FAB M4 or M5) or rarely other diseases 
such as essential thrombocythemia. The 
largest BCR-Abl fusion protein, p230bcr/abl 
(fl-bcr),includes over 90% ofBCR amino ac
ids, lacking only the C-terminal two-thirds 
of the GAprac domain, and appears to cause 
chronic neutrophilic leukemia (CML-N), a 
rare indolent myeloproliferative disease [28-
31]. 

The evidence is now quite compelling that 
CML is a clonal neoplastic disease resulting 
from an acquired mutation in a single multi
potent hematopoietic stem cell [15,24,32-
37]. The bcr/abl fusion gene is probably the 
usual sole initial causative event and is re
sponsible for all the manifestations of the 
early chronic phase of the disease [38,39]. 
The primary 9;22 translocation somehow 
induces further genetic instability, and sub
clones with additional secondary genetic 
abnormalities arise. One or more of these 
subclones, which have lost their capacity to 
mature, eventually becomes dominant, giv
ing rise to the accelerated or blastic phase of 
the disease [40]. 

Theories to Explain Myeloid Expansion 

While the underlying genetic abnormality 
in CML is now quite well defined, the crit
ical biochemical aberrations caused by 
p210bcr/abl that can result in the expansion of 
the myeloid compartment are still largely 
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unknown. Until the middle of the present 
century, the original suggestion that CML 
might be some type of "suppurative" or in
fectious disease was seriously considered; as 
recently as 1947, the leading Textbook of 
Medicine was still hedging as to whether 
leukemia was an infectious or neoplastic 
disease [41]. The seminal observations that 
viruses can cause tumors in chickens were 
made over 85 years ago [42, 43] , and, begin
ning in the 1950s, the infectious hypothesis 
was revitalized in a modified form with the 
demonstration that viruses can cause cancer 
in rodents, cattle, cats and other animals [44-
47] and by numerous reports of the occur
rence of "clusters" of human leukemia [48, 
49]. However, despite an intensive world
wide search and the clear demonstration 
that both DNA and RNA viruses can induce 
leukemia and other neoplasms in experi
mental systems [50-54], no virus has yet 
been identified that causes spontaneously 
occurring human leukemia; moreover, ex
tensive epidemiological studies have failed 
to validate that leukemic clusters have an in
fectious origin, or even to provide convinc
ing evidence that they do not occur merely 
by chance. 

Other theories that have been proposed 
over the years to explain the myeloid expan
sion in CML have been more rapid prolifera
tion of the leukemic cells, unregulated pro
liferation or increased self renewal of Ph
positive stem and/or progenitor cells [55, 
56], prolonged life span of CML leukocytes 
[57-59] and, more recently, reduced cell 
death by apoptosis according to some [60, 
61] but not all investigators [62,63]. 

Before methods were available to quanti
tatively measure cell kinetic parameters, 
most observers assumed as an article of 
faith that the leukemic cells proliferated 
more rapidly than their normal counter
parts. However, essentially all kinetic studies 
performed during the chronic phase of CML 
have shown that, on the average, while the 
DNA synthesis time of both blood and mar
row myelocytes in CML is about the same as 
that of normal marrow granulocyte precur
sors [64,65], the leukemic precursors have 
lower mitotic indices, a smaller fraction of 
cells in DNA synthesis, longer generation 
times, and longer transit times in the matu-
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ration compartments than do comparable 
normal precursors (reviewed in [39]). How
ever, the proliferative parameters return to
wards normal when the leukocyte count is 
reduced by treatment [66,77] and no consis
tent difference in proliferation between nor
mal and CML progenitors are found in vitro 
[39,68,69]. Thus it is likely that the slower 
proliferative parameters found in vivo are 
probably related to the high cell density of 
the CML marrows and that the cell cycle pa
rameters are similar at comparable cell den
sities. 

Life Span and Programmed Cell Death 

Using a variety of isotopic labeling proce
dures, it has been found consistently that the 
mature granulocytes in chronic phase CML 
have a markedly slower rate of disappear
ance from the blood than do normal mature 
granulocytes [57-59, 70-77]. Interpretation 
of the slow granulocyte disappearance rate 
in CML is confounded by the presence of 
many circulating immature granulocytes, by 
the abnormal granulocyte traffic and distri
bution patterns, and by the premature re
lease of incompletely mature segmented 
neutrophils into the blood from the marrow 
and spleen in CML [38, 39, 67, 73-81]. Al
though the complexity of the system and 
limitations of the data do not permit calcu
lation of precise values, these studies strong
ly suggest that CML mature granulocytes 
have a significantly increased life span, but 
that this is not of sufficient magnitude to ac
count solely for the huge expansion in the 
granulocyte mass in CML and that therefore 
production of granulocytes must also be 
substantially increased. 

Once committed to differentiation, all he
matopoietic cells have finite life spans and 
normally undergo programmed cell death at 
prescribed times depending on the lineage 
and environmental factors [82-85]. There 
are numerous reports demonstrating that 
apoptosis is inhibited under a variety of con
ditions in cell lines expressing p21 Obcr/abl [86-
92], in v-abl transfected cells with activated 
tyrosine kinase activity [93], as well as in 
progenitors and granulocytes obtained di
rectly from CML patients [60]. Bedi et al. [60, 



61] have suggested that reduced pro
grammed cell death may be the primary 
mechanism responsible for expansion of the 
leukemic clone in CML. On the other hand 
the older cytokinetic data cited above 
strongly suggests that prolonged life span 
cannot solely account for the expansion of 
the CML population, and moreover, other 
reports have not supported apoptosis as be
ing the main mechanism responsible for the 
myeloid expansion [62,63]. 

Morphologic, Biochemical and Functional Changes 

It must also be recognized that delayed 
apoptosis alone cannot explain all the other 
abnormal features that have been observed 
in CML such as the aberrant lineage distri
bution, frequent basophilia, asynchronous 
maturation of the nucleus and cytoplasm 
[94-100] and the increased incidence of dys
plastic changes that have been observed in 
CML cells during the chronic phase. Rare but 
conspicuous dysplastic changes in CML in
clude hyposegmentation or an acquired 
Pelger-like anomaly of neutrophils [101-
103] hypogranulation of neutrophils [103], 
neutrophils with ring-shaped nuclei [104]; 
multinuclearity of erythroblasts [103], large 
mononuclear forms of megakaryocytes, and 
both immature and mature chimeric granu
locytes containing mixed basophil/eosino
phil granules [105, 106]; according to 
Mlynck et aI, such bigranulated cells are not 
found in normal subjects and are thought to 
demonstrate lineage infidelity in CML. As 
the disease undergoes progression to the 
blastic phase, the incidence and severity of 
the dysplastic changes increases and the 
cells develop additional abnormalities such 
as micromegakaryocytes [103, 107]. In the 
chronic phase of the disease the leukemic 
cells retain the capacity to differentiate al
most normally, and the biochemical and 
functional defects exhibited by the leukemic 
cells are not of sufficient severity to prevent 
them from carrying out their essential func
tions in supporting life in the absence of 
normal mature cells. Nevertheless, in addi
tion to the kinetic and dysplastic changes 
noted above numerous subtle biochemical 
and functional abnormalities of the leukem-

ic cells have been described in CML which 
have been summarized in several recent re
views [38,39,108,109]. Most of these abnor
malities appear to be mutually linked, are 
quantitative rather than qualitative, and 
tend to return towards normal when the dis
ease is brought into hematologic remission 
by treatment; many of the abnormalities 
may simply reflect the premature release of 
incompletely mature marrow bands and 
polymorphs into the blood in CML. 

Discordant Maturation Hypothesis 

In attempting to correlate the molecular, bi
ochemical and biological changes induced 
by the bcr-abl protein, it is important to rec
ognize that the biological changes are pleio
tropic, usually quite subtle, often intercon
nected, and that in the aggregate, they can
not all be explained by simply focusing on 
one mechanism such as dysregulation of the 
cell cycle, reduced programmed cell death, 
increased self-renewal of stem cells, or im
pairment of any single property such as cell 
adhesion, anchorage-dependence, or re
sponsiveness to natural inhibitory factors. 
The signaling pathways controlling apopto
sis, differentiation, maturation, proliferation 
and other cell processes are intimately inter
related, and considered in this context, it is 
quite reasonable to expect that the biological 
abnormalities would be both pleiotrophic 
and mutually linked. We have reviewed the 
multiple biological abnormalities in CML 
cells that have been well-described in some 
detail in recent publications and have collec
tively designated these abnormalities dis
cordant maturation [38,39,109,110]. If the 
discordant maturation hypothesis is indeed 
valid, it should provide a comprehensive ex
planation for all of the consistent major bio
logical abnormalities that characterize the 
disease. Our prior studies have shown that 
increased cell production in the intermedi
ate and later maturation compartments is 
responsible for a major portion of the mye
loid expansion in CML, but that the initial 
expansion originates in a primitive progeni
tor cell compartment [38, 39, 68, 69, 109-
113]. In this brief review we will show repre
sentative experimental data to illustrate 
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some of the most prominent and consistent 
biological abnormalities in CML, and then 
present a tentative biochemical explanation 
that can account for all the abnormalities in
eluding the enormous myeloid expansion. 

Cytokinetic Studies Conducted in Vivo 

We will first show two 3H -thymidine 
eHTdR) continuous labeling experiments 
conducted in vivo in two patients, one in 
chronic phase and the other with Ph+ ALL 
during early relapse from a briefhematolog
ic remission. Both these studies have previ
ously been reported in detail and the key re
sults are presented here in summary form 
[74,114,115]. 

The first patient was a previously untreat
ed 16 year old young woman who presented 
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with progressive weakness and abdominal 
discomfort, splenomegaly, WBC 175000/I.d, 
platelets 800000/fll, and hemoglobin 8 g/dL 
Fig. 1. A sternal aspirate showed a hypercel
lular marrow, a differential consistent with 
chronic phase CML (1 % blasts), and Ph + 
marrow metaphases. Prior to any treatment, 
a continuous intravenous infusion of 3HTdR 
was given for 10 days. She was then treated 
with splenic irradiation, following which she 
had a hematologic remission lasting 8 
months before her disease relapsed, still in 
chronic phase. 

The results of the 3HT dR autoradi0r,raph
ic study are shown in Fig. 2. The pulse HTdR 
labeling index (11) of the marrow blasts de
termined in vitro was -20% (not shown). 
The labeling patterns and labeling inten
sities of granulocyte precursors and mature 
cells in the marrow, spleen, and blood were 
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Fig. 1. Clinical course of a 16-
year-old female patient with 
newly diagnosed chronic 
phase CML [74] 



quite similar during the in vivo infusion of 
3HTdR. Measurement of additional kinetic 
parameters indicate that the rates of cell pro
duction were similar in the spleen and mar
row, that there was continuous cell traffic 
between those 2 organs, and that cells rarely 
divided in the blood. All of the granulocyte 
precursors were labeled in all three com
partments by the end of a week and 99-100% 
of the mature granulocytes were labeled by 
the end of the 10-day infusion or a few days 
later. This study demonstrates that essential
ly all of the recognizable granulocyte pre
cursors are actively proliferating and is un
like the situation in most patients with acute 
leukemia in whom significant numbers of 
blasts may remain dormant for many weeks 
or months [80,81,114-122]. 

The kinetic data in this and other CML pa
tients also demonstrate that the CML pre
cursors generally proliferate more rapidly 
than in acute leukemia but more slowly than 
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the corresponding normal precursors when 
the marrow is densely populated, although 
the proliferative parameters of normal and 
CML precursors are similar at comparable 
cell densities. The emergence times of la
beled non-dividing CML granulocytes (i.e., 
metamyelocytes, bands and segmented neu
trophils) are very similar to comparable 
normal cells, indicating that the minimum 
maturation time is approximately normal in 
CML [74]. However, the disappearance times 
of labeled cells and the median grain count 
halving times after discontinuing exposure 
to 3HTdR (which reflects the median gener
ation or intermitotic time) are generally 
longer than normal [74]. This is consistent 
with other cell labeling studies noted earlier 
and indicates that CML cells have a longer 
life span than comparable normal cells. 

The second illustrative study was carried 
out in another young woman who presented 
with Ph+ acute leukemia. She was asympto-
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Fig.2. Labeling pattern of granulocyte precursors and mature granulocytes in a youn9 woman with newly 
diagnosed chronic phase CML during and after a continuous intravenous infusion of H-thymidine for 10 
days. Segmented includes all polymorphonuclear neutrophils with 2, 3 and 4 segments [74] 
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matic until about a month prior to admis
sion when she developed progressive weak
ness, anorexia, night sweats, exertional 
dyspnea, abdominal discomfort, and cuta
neous ecchymoses. On admission she had a 
fever of 102 of, a massively enlarged spleen, 
slight hepatomegaly, a large mediastinal 
mass, sternal tenderness and scattered ec
chymoses. Her hematologic parameters are 
shown in Fig. 3. Following treatment with 
vincristine and prednisone she had a nearly 
complete hematologic remission except for 
slight persistent splenomegaly which lasted 
about 6 months when relapse occurred rap
idly. Karyotypic analysis of the marrow cells 
both at presentation and relapse showed 
that the majority of meta phases had a Ph 
chromosome and about half of the cells had 
additional chromosomal abnormalities, not 
specified. Unfortunately no chromosome 
studies were performed during remission so 
it is not known how many karyotypically 
normal cells were present in the marrow 
prior to the first relapse. 

The pulse 3HTdR labeling indices (LI) of 
the marrow lymphoblasts (in vitro) at pres
entation and again after full relapse (10/28) 
were consistently low (4.8 to 5.9%) whereas 
immediately after induction of remission 
when the marrow only contained 1.5% 
blasts (4/22), the LI had risen to 23% (Fig. 3). 
Based on their morphological features as 
previously described [114], 10.8% of the 
1.5% "blasts" on 4/22 were classified as leu
kemic lymphoblasts and their LI was 5.5% 
whereas the LI of the other 89.2% "normal" 
blasts was 26%; most of the latter appeared 
to be myeloblasts with possibly some early 
pronormoblasts. 

After induction of remission, the patient 
was treated with a variety of drugs [114]. The 
first evidence of relapse was noted on 10/7 
when 15% blasts were found in the marrow, 
most of which appeared to be leukemic; the 
most recent previous marrow on 9/17 had 
only 1 % blasts. After relapse was first detect
ed on 10/7, the disease progressed quickly; 
the spleen enlarged rapidly, and numerous 
blasts appeared in the marrow and blood 
(Fig. 3).A continuous intravenous infusion of 
3HTdR was started on 10/13 and continued 
for 8 days. No treatment was given for 7 days 
after ending the infusion when vincristine 
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and prednisone were started, the latter in
itially in a dosage of 100 mg/day. Except for 
arresting the rising number of circulating 
blasts there was no noticeable improvement, 
and it was not until the dose of prednisone 
was increased to 5 g/ day followed by arabino
sykytosine and splenic irradiation that a sec
ond remission was reinduced. This only last
ed 3 months; there was less and less response 
to subsequent treatment and the patient died 
as a result of extensive leukemic infiltration 
and multiple complications in November 
1965, 13 months after her first relapse. 

The results of the 3HTdR continuous infu
sion study during her first relapse are sum
marized in Fig. 4. The 3HTdR infusion was 
started on 10/13,6 days after reappearance 
of increased blasts was first noted in the 
marrow. Essentially all of the blasts in mito
sis were labeled after one day, but, consistent 
with their lower fraction in S phase (i.e., in 
vitro pulse 3HTdR LI = -5.6% vs -20% in 
previous patient), the interphase leukemic 
blasts labeled more slowly than the blasts in 
the chronic phase patient shown earlier in 
Fig. 2. Nevertheless, after 8 days, 93% of the 
marrow blasts, 95% of the circulating blasts, 
and 87% of the blasts in the spleen were la
beled. In contrast to the relatively slow label
ing of the leukemic blasts, the remaining 
erythroblasts labeled very rapidly, even as 
the majority of erythroblasts were rapidly 
disappearing as the marrow quickly filled 
with leukemic blasts (Fig. 4); the labeled 
erythroblasts also disappeared much more 
rapidly than the leukemic blasts after ending 
the infusion [115]. 

Key cytokinetic parameters of the leu
kemic blasts and erythroblasts are com
pared in summary form in Table 1. Virtually 
all of the surviving red cell precursors were 
cycling very rapidly with an estimated aver
age intermitotic time (i.e., median grain 
count halving time) of 19-27 h compared to 
85-95 h for the leukemic blasts [114, 115].Af
ter vincristine and prednisone was started 
the latter increased to 195 and 190 hours in 
the marrow and blood, respectively; the ef
fect of this treatment on the erythrocyte 
precursors could not be measured since they 
had already lost their label. 

It is not known for certain whether the 
erythrocytes and granulocytes were normal 
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Table 1. Comparative measurements of cytokinetic parameters of leukemic blasts and morphologically 
identifiable erythrocyte precursor cells during and after 3H-thymidine eHTdR) continuous intravenous 
infusion 

Pulse Maximum Maximum Median Distribution 
3H-TdRLl 3H-TdRLl median grain 

grain count E1:E2:E3:E4 
count halving 

(in vitro) (at end of (at end of (after end of cells 
infusion infusion infusion 
in vivo) in vivo) in vivo) 

% % (h) 

Leukemic (Marrow) 6 93 16.5a 95 
Blasts (Blood) 3 95 15 85 
Proerythroblasts 100 100 26a 19 
=E1 
Basophilic Erythroblasts 88 95 17" 24 2 
=E2 
Polychromatophilic erythroblasts 89 96 14 27 14 
=E3 
Orthochromatic erythroblasts 6 85 9 27 180 
=E4 

a The pronormoblasts were larger than the leukemic blasts (mean nuclear area 144 versus 114 fL2), while the 
basophilic normoblasts were smaller (mean nuclear area 78 vs. 114 fL 2) 

or belonged to a chronic leukemic clone in 
this patient, but we suspect they were normal. 
The experiment was performed before meth
ods had been developed to permit accurate 
identification of specific chromosomal rear
rangements or other abnormalities in sub
populations of marrow cells [10, 40]. Ph+ 
ALL had not yet been defined as a disease en
tity [123] and it is of course also unknown 
whether the Ph chromosome was due to a M
bcr or m-ber breakpoint. Whereas one would 
expect the erythrocyte and granulocytic lin
eages to be part of the leukemic clone if the 
disease was a blastic phase of CML with an 
M-bcrbreakpoint [32,34],de novo Ph+ ALLis 
heterogeneous with respect to the level of 
commitment of the target cell, both in M -bcr 
and m-bcr cases [124-131]. In some cases a 
multipotent stem cell is the target and the 
myeloid lineages are involved, whereas in 
others the Ph chromosome is restricted to the 
lymphoid (usuallypre-B or C-ALLA) lineage. 
Paradoxically lymphoid-restricted cases ap
pear to have a worse prognosis than those 
arising in a pluripotent stem cell (although 
both are poor), whereas the breakpoint does 
not seem to affect prognosis [128, 130]. 

Granulocyte kinetics were also studied 
[115] (not shown). There were 47% granu
locytes (myelocytes and later forms) on 

10113 at the start of the 3HT dR infusion, but 
like the erythrocyte precursors they rapidly 
decreased to 12% by 10/28. Their labeling 
pattern was similar to that shown in the first 
patient including the emergence times ofla
beled bands and polys and the median grain 
count halving times of myelocytes (lOS 
hours) and metamyelocytes (90 hours). 
While these intermitotic times are similar to 
that of the leukemic blasts, in contrast to its 
effect in prolonging the grain count halving 
times of the leukemic cells and normallym
phocytes (not shown), prednisone had little 
effect on the halving time of the granulocyte 
precursors [llS]. 

Regardless of whether the erythrocyte 
and granulocyte precursors were normal or 
part of an (unrecognized) chronic phase 
leukemic clone, these data provide a striking 
illustration of how quickly a relatively slowly 
proliferating leukemic blast cell population 
is capable of dominating a granulocyte pre
cursor population growing at about the 
same rate, as well as replacing a much faster 
growing erythrocyte precursor population. 
The high ratio ofE1:E4 cells (Table 1) prob
ably reflects curtailment of production be
ginning at the earliest committed erythroid 
progenitor cell as a result of inhibition by the 
rapidly increasing leukemic blasts [llS], 
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rather than an increased number of divi
sions occurring during maturation as hap
pens in microcytic (e.g., iron deficiency) 
anemia [38,109,112]. The mechanism of in
hibition is unknown, but erythropoiesis was 
arrested so abruptly that it likely reflects a 
potent direct effect of acute leukemic blasts 
in suppressing erythropoiesis rather than a 
differential response to more generally act
ing inhibitory cytokines such as TGF- or 
MIP-1 [132]. 

The two in vivo kinetic studies summar
ized in Figs. 2 and 4 illustrate several impor
tant points about the behavior of CML cells. 
Chronic phase CML granulocyte precursors 
have similar cell cycle times but a lower 
growth fraction, at least at higher cell den
sities, than corresponding normal precur
sors. During acute transformation one or 
more sub clones arrested at the blastic stage 
with an even lower growth fraction are ca
pable of rapidly replacing normal or CML 
chronic phase precursors. The CML chronic 
phase precursors are capable of fully matur
ing and their rates of maturation are similar 
to normal. The mature granulocytes have a 
longer life span than normal but this is not 
sufficient to account for the huge myeloid 
expansion in CML. Because of obvious limi
tations to the types of experiments that can 
be conducted in vivo, it is necessary to turn 
to in vitro studies to examine finer differ
ences in the biological behavior of the leu
kemic and normal cells. 

Short-Term in Vitro ClonogenicStudies 
Comparing Normal and CML Progenitors 

Although hematopoietic cells do not devel
op entirely normally in any liquid or semi-

solid culture conditions so far devised, their 
growth and maturation in short-term cul
tures are sufficiently comparable to that in 
vivo to provide much valuable information. 
We will summarize some representative re
sults of our in vitro studies comparing the 
behavior of normal and CML progenitors to 
illustrate the most prominent and consistent 
abnormalities that have been observed [38, 
39,68,69,74,81,109-113]. As noted in the 
original papers, our findings are generally 
consistent with those of many other investi
gators. 

Total GM Progenitors 

The main hematologic parameters in 4 new
ly diagnosed, previously untreated patients 
with CML in chronic phase are summarized 
in Table 2. Patient #1 had the least and pa
tient #4 the most advanced disease while the 
other two patients were intermediate. All 
marrow metaphases examined were Ph + 

and no additional cytogenetic abnormal
ities were noted. We compared the clonogen
ic data in these 4 patients with those of 6 
healthy normal volunteers who had entirely 
normal hematologic parameters; the cell 
counts of these normal marrows were simi
lar (mean = 74 X 109/1) so that the cellularity 
of the CML marrows ranged from 2.9 x nor
mal in patient #2 to 5.6 X normal in patient 
#4. The methods employed and the results 
have previously been reported in detail, and 
we will just present some representative ex
amples for illustrative purposes here [39, 
113]. 

Figure 5 shows the 3- and 14-day cloning 
data in these 6 normal subjects and 4 CML 
patients for the granulocyte/monocyte 

Table 2. Hematologic parameters of previously untreated CML patients in chronic phase at time of study 

Patient no. WBC Platelet 
count count HGB HCT PB blasts 

agelsex (XI0911) (XI0911) (gIl (%) (%) 

no.142/M 26 229 14.4 45 0 
no.22S/F 54 423 13.2 39 0 
no. 341/M SO 243 13.0 40 0 
no.424/M 496 521 S.2 32 5 
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Fig.S. Comparison of 3- and 14-day cloning data for 6 normal subjects and 4 newly diagnosed CML patients 
listed in Table 2 for total GM progenitors per 106 marrow buffy coat (BC) cells plated [39, 113) 

(GM) progenitors per 106 marrow buffy coat 
cells. As we have previously shown, the light 
density fraction of both normal and CML 
marrow buffy coat cells contain essentially 
all of the progenitors capable of forming 
CFU-GM and BFU-E colonies of any size, so 
this fraction was used for assaying the total 
progenitor population. The CML marrows 
produced on the average 10.3 X as many 3-
day colonies as the normal marrows per mil
lion light density buffy coat cells, but only 
2.3 X as many 14-day colonies. If one calcu
lates the number of colonies per ml of mar
row based on the marrow cell counts in indi
vidual CML patients and normal subjects, 
the differences are even more striking: The 3 
and 14 day CMLlnormal ratios are respec
tively43X and lOX. 

Comparison of the sizes of the GM colo
nies produced by normal and CML progeni
tors provides additional information on dif
ferences in their biological properties. Be
cause none of the 3-day GM colonies, either 
normal or CML, contained more than 20 
cells, the data shown in Fig. 6 shows the 
mean number of 7- and 14-day colonies ar
ranged according to size. While the CML 
progenitors produced 5.3 X and 2.3 X the to
tal number of GM colonies per 106 buffy 
coat cells as the normal progenitors at 7 and 
14 days respectively, the normal progenitors 

produced about the same number of colo
nies containing over 100 cells at both time 
points. If one assumes that all 14-day colo
nies arose from 3-day colonies that contin
ued growing (Fig. 5),it can be calculated that 
21.4% of the normal3-day colonies grew to 
> 100 cells at 14 days whereas only 1.8% of 
the CML 3-day colonies did so [113]. 

Enriched GM Progenitors 

During the past 15 years we have used vari
ous negative selection and velocity sedi
mentation procedures to partially or highly 
enrich subpopulations of normal and CML 
progenitor cells in order to compare their 
proliferative characteristics and other prop
erties and determine how they might differ 
from the total progenitor populations [68, 
69, 109-112, 133-135]. The progenitors are 
enriched by negative selection using panels 
of monoclonal antibodies to remove cells 
committed to differentiation along any of 
the major lineages; the enriched lineage
negative (lin -) blast population usually com
prises about 0.1-0.7% of the initial marrow 
buffy coat cells and consists almost entirely 
of Type I blasts plus a few Type II blasts or 
very early promyelocytes. In some experi
ments the enriched progenitors were further 
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Fig.6. Comparison of size distribution of 7 - and 14-day GM colonies produced by normal and CML total GM 
progenitors per 106 buffy coat marrow cells plated. See Fig. 5 

separated on the basis of size into primitive, 
intermediate, and late progenitors by veloc
ity sedimentation in an isokinetic gradient 
[69,109-111,133]. 

Identical cloning experiments using en
riched normal and CML progenitors were 
carried out simultaneously for comparison 
with those of the total progenitors shown in 
Figs. 5 and 6. The relative numbers of Types I 
and II blasts in the enriched normal and 
CML progenitor populations are shown in 
Table 3. As previously described in detail 
[39], Type I blasts are undifferentiated while 
Type II blasts show early evidence of granu
locytic maturation including non-specific 

azurophilic granules; Type II blasts cannot 
be distinguished purely on morphological 
grounds from early promyelocytes. 

The mean percentages of Type I and Type 
II blasts in the 6 enriched normal progenitor 
populations were 73% Type I blasts and 9% 
Type II blasts, and in the 4 enriched CML 
progenitor populations 72% Type I blasts 
and 23% Type II blasts (the remaining cells 
were diverse cell types which varied in dif
ferent experiments). Of the total number of 
Type I blasts initially present in the marrow 
buffy coat, an average of 68% of the normal 
Type I blasts and 48% of the CML Type I 
blasts were recovered in the enriched pro-

Table 3. Mean numbers of type I and type II blasts + promyelocytes in normal (n = 6) and CML (n = 4) ehri
ched and total marrow GM progenitor populations 

Mean % 
present in 
enriched 
progenitor 
populations 

Mean no. 
progenitors 
per 106 Marrow 
buffy coat cellsa 

Normal 

Type I 
blasts 

73 

2028 

CML 

Type II 
blasts + Type I 

promyelocytes blasts 

9 72 

285 3560 
CML/N = (l.8x) 

a Total enriched cells recovered as % of marrow buffy coat cells: N = 0.29%; CML = 0.47% 
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Type II 
blasts + 

promyelocytes 

23 

1033 
(3.6x) 



genitor populations, but an average of only 
7% of the total Type II blasts (plus early pro
myelocytes) initially present were recovered 
in both the normal and CML enriched popu
lations. Based on the total and differential 
cells counts of the marrow buffy coat cells 
and the recovery values cited, the number of 
progenitors per 106 buffy coat cells were cal
culated; on the average the CML marrows 
contained 1.8X more Type I blasts and 3.6X 
more Type II blasts than the normal mar
rows. This is consistent with all of our other 
morphological, phenotyping, and cloning 
data, and demonstrates that using identical 
cell separation and enrichment procedures, 
CML progenitors are more mature than 
comparable normal progenitors. 

The mean cloning efficiencies (CE) of the 
enriched normal and CML GM progenitors 
was 5.0 and 12.1 % respectively compared to 
mean CEs of 0.526% and 3.99% respectively 
for the total normal and CML GM progeni
tors present in the light density fraction of 
the marrow buffy coat. As in the case of the 
total progenitors, the maximum CE values 
for both normal and CML enriched progeni
tors occurred at 3 days [113]. 

Figure 7 shows the number of 3- and 14-
day GM colonies produced by the enriched 

1200 

progenitors, calculated per 106 buffy coat 
cells for comparison with the total progeni
tors shown in Fig. 5. On the average, the en
riched CML progenitors produced 4x as 
many 3-day colonies as the normal progeni
tors compared to 10.3X for total progeni
tors; the reason for this difference is that the 
CML total progenitor population contains 
many more later committed progenitors 
with limited proliferative potential than the 
normal total progenitor population, and the 
majority of these late progenitors are miss
ing in the enriched populations. The average 
ratio of 14-day CML/normal colonies was 
the same (2.3) for the enriched progenitors 
as for the total progenitors, but there was 
again considerable variability in the number 
of 14-day colonies produced in different 
subjects (Fig. 7). 

The data on the size of 7 - and 14-day colo
nies produced by enriched normal and CML 
enriched GM progenitors (Fig. 8) are similar 
to that of the total progenitors (ct. Figs. 6 and 
8), again demonstrating that a lower propor
tion of CML progenitors are capable of pro
ducing large colonies compared to normal. If 
the data are presented as the number of 14-
day GM colonies produced per 104 enriched 
lin-blasts plated, it can be seen that there is 
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Fig. 7. Comparison of 3- and 14-day cloning data for 6 normal subjects and 4 newly diagnosed CML patients 
listed in Table 2 for enriched GM progenitors per 106 marrow buffycoat (Be) cells plated [39,113] 
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considerable variability and overlap among 
both normal subjects and CML patients 
(Fig. 9). It is well known that cloning effi
ciencies vary widely among normal donors, 
and the variability is also probably partly at
tributable to the complexity of the enrich
ment procedures as well as kinetic differenc-

es among individuals. Overall, in this and 
other studies comparing normal and CML 
progenitors [39, 69, 113], and unlike the 
highly consistent greater cloning efficiency 
(CE) of more mature CML progenitors in 
producing 3-day GM colonies, we have 
found no consistent difference in the CE of 
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Fig.9. Generation of 14-day GM colonies per 104 enriched lineage negative blasts plated in 6 normal subjects 
and 4 CML patients to illustrate variability and overlap [39, 113] 
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more primitive normal and CML progeni
tors capable of producing 14-day GM colo
meso 

In terms of the total numbers of cells gen
erated by the normal and CML progenitors, 
we have calculated that high proliferative 
progenitors (i.e., those generating> 100 cells 
per colony) comprise 24% of the total nor
mal GM progenitors and these produce 85% 
of the GM cells in normal marrow [113]. In 
contrast, high proliferative progenitors 
comprise only 2% of the total CML progeni
tors and these produce only 50% of the CML 
GM cells. Thirty-five percent of the normal 
enriched progenitor population is com
prised of high proliferative progenitors and 
these produce 90% of the normal GM cells, 
whereas only 10% of the enriched CML pro
genitors are high proliferative progenitors 
and they produce 68% of the CML cells. Be
cause many more of the CML than normal 
progenitors with low proliferative potential 
have been removed by the cell separation 
procedures, the differences are less marked 
when comparing highly enriched normal 
and CML progenitors than when comparing 
normal and CML total progenitors. These 
results emphasize the need to consider the 
total GM progenitor populations in compar
ing normal and CML cell production in or
der to obtain an accurate picture of the cy
tokinetic abnormalities in CML. 

Separation of Normal and CML Lin- Blasts Into Ma
ture and Primitive Subpopulations by Velocity Sedi
mentation and Characterization ofTheir Properties 

In other experiments we used a linear Ficoll 
gradient, which separates cells mainly on the 
basis of size as previously described [68,69, 
109-112,133]' to further fractionate the en
riched lin- blast populations in order to 
compare the characteristics and prolifera
tive potential of the most primitive and 
more mature normal and CML lin-blast sub
populations. The smallest, most primitive 
blasts are concentrated in the earlier frac
tions (Fractions 8-10, designated Fx 8); 
intermediate blasts are contained in Frac
tions 11-12 (Fx 11); and the largest, more 
mature blasts are concentrated in the later 
Fractions 13-15 (Fx 13). In the experiments 

illustrated here, the cell cycle parameters of 
the CML and normal enriched total lin-blast 
populations prior to separation on the gra
dient were similar (mean % in S + G2/M = 21 
and 26% respectively) [69], and these values 
are also similar to those found in other ex
periments with total enriched blast popula
tions. As might be expected and as we have 
consistently found in previous autoradio
graphic studies in which blast cell size and 
3HTdR LI 3HTdR labeling frequency and 
intensity were measured simultaneously 
[114-117,136], cell cycle analysis of both the 
normal and CML fractions showed that the 
percentage of cells in S + G2/M increases 
with increasing size of blasts (i.e., Fx 8: 
N=5% and CML=13%; and Fx 13: N=52% 
andCML45%) [69]. 

In the experiments shown here, colony 
number and size were determined at 14 
days. PCR analysis was performed on repre
sentative individual GM colonies from CML 
patients to determine how many might be 
derived from normal progenitors. Consis
tent with our previous experience [39,137], 
chimeric bcr/abl mRNA was detected in the 
great majority of colonies derived from 
CML patients (i.e., overall 94% of GM colo
nies were Ph+; rare Ph-negative colonies 
were found in all 3 fractions) [69, 113]. 

The cellular composition of the three 
pooled fractions obtained from linear ficoll 
gradients are shown in Table 4. All the CML 
fractions contained higher proportions of 
more mature Type II blasts (including lin
early promyelocytes) than comparable nor
mal fractions; if all 3 fractions are taken to
gether (i.e., total fractions 8-17), the results 
are very similar to those shown previously in 
Table 3. A higher percentage of the total en
riched CML blasts was present in the small 
(primitive) cell Fx 8 compared to normal 
(57% vs. 32%), and this fraction contained 
24x more Type II blasts per 106 marrow buf
fy coat cells than the normal Fx 8 subpopula
tion of primitive progenitors. The percent
ages of normal and CML Fx 8 blasts express
ing CD34, CD38, H25/H366 and DR were 
similar, but consistent with the morphologi
cal evidence that they are more mature, 
higher percentages of the CML blasts in both 
Fx 8 and Fx 11 expressed CD33 than the 
comparable normal blasts (mean values = 
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Table 4. Mean numbers of a type I and type II blasts + promyelocyted in normal (n = 3) and CML (n = 3) 
enriched lineage negative blast subpopulations 

Normal CML 

Mean % 
present in % Total % Total 
enriched enriched enriched 
progenitor cells per Type I Type II cells per 
populations fraction blasts blasts fraction Type I Type II 
Fractions 8-10 32 94 2.5 57 82 15 
Fractions 11-12 26 90 8 17 49 44 
Fractions 13-17 34 77 21 11 55 39 
Mean no. 
progenitors 
per 106 marrow 
buffy coat cellsa 

Fractions 8-10 608 14 1648 333 
CML/N= (2.7X) 24x) 

Fractions 11-12 460 45 282 274 
Fractions 13-17 480 132 212 157 
Total fractions 8-17 1548 191 2143 764 

CML/N= (lAX) 4x) 

a Total enriched cells recovered as % of marrow buffy coat cells: N = 0.19%; CML = 0.35%. 

Fx8CML41%vs.N8%;Fx 11 CML41%vs.N 
11%) [69]. 

Comparison of Normal and CML GM Progenitors and 
Their Response to Kit Ligand (KL) 

No consistent differences in expression of c
kit (as identified by the YB5.B8 monoclonal 
antibody) were observed between the small, 
intermediate and large blast fractions, nor 
between the normal and CML blasts in any 
of these fractions; 25% or fewer of the blasts 
in any of the fractions expressed detectable 
c-kit [69].As reported by numerous investi
gators including ourselves [69,112,138-142], 
KL by itself has little effect in stimulating 
colony growth, but acts synergistically with 
other growth factors. In combination with 
G-CSF, GM -CSF, or both, KL had the greatest 
stimulatory effect in increasing both the 
number and size of colonies derived from 
normal primitive and intermediate lin
blasts in Fx 8 and Fx 11. KL had less stimula
tory effect on the large mature blasts con
centrated in Fx 13; there was little increase in 
the total number of GM colonies in Fx 13 but 
an increased number of larger colonies. The 
data for normal Fx 8 and Fx 13 are shown in 
Figs. 10 and 11; the effect of KL on Fx 11 was 
similar to that on Fx 8 (not shown). 
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In contrast to its major synergistic stimu
latory effect on normal GM progenitors, KL 
had very little effect in enhancing the growth 
of comparable CML progenitor subpopula
tions (Figs. 12, 13). Generation of the major
ity of large ( > 500 cells) GM colonies, both 
normal and CML, required the presence of 
both G-CSF + GM-CSF which together had a 
synergistic effect. However, normal progeni
tors had a greater requirement than CML for 
KL plus additional growth factors in order to 
generate the maximum numbers of these 
large GM colonies. G-CSF alone was suffi
cient to initiate proliferation of the maxi
mum total number of small, primitive (Fx 8) 
CML progenitors and a mean of 76% of the 
maximum number of small blast progenitors 
capable of generating colonies > 100 cells 
(Figure 12). In contrast, comparable normal 
small, primitive blasts in Fx 8 required multi
pIe growth factors (i.e., KL + G-CSF + GM
CSF) for stimulation of the maximum num
ber and size of colonies (Fig. 10). 

Cell counts on pooled GM colonies> 500 
cells showed normal colonies had 14000-
30000 cells/colony while CML colonies had 
4000-14000 cells/colony [69, 112]. All of the 
above observations are compatible with the 
conclusion that a greater proportion of the 
CML progenitor subpopulations have char
acteristics associated with a more advanced 



900 

800 ~ G-CSF 

700 0 G-CSF + KL 

600 -

No.GM 
Colonies 500 l- ~ GM-CSF 

per 104 400 I-- § GM-CSF+KL 
Cells 
Plated 300 

200 G-CSF + GM-
CSF 

100 

0 ~ ~ ... 13 I IS G-CSF + GM-
CSF + KL 

TOTAL >100 CELLS >SOO CELLS 

Fig. 10. Effect of kit ligand (KL) 1000 pmolll in combination with G-CSF, GM-CSF, and both (each 400 pmolll) 
in stimulating primitive normal progenitors (Fx 8-10) to form GM colonies at 14 days [69] 
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Fig. 11. Effect of kit ligand (KL) in combination with G-CSF, GM -CSF, and both in stimulating more mature 
normal progenitors (Fx 13-17) to form GM colonies at 14 days. See Fig. 10 for cytokine concentrations [69] 

stage of maturation and correspondingly 
have less proliferative potential than com
parable normal progenitor subpopulations. 

Comparison of Normal and CML Erythrocyte 
Progenitors and Their Response to KL 

Experiments similar to those conducted for 
GM progenitors were also conducted to 

compare the proliferative capacities of nor
mal and CML BFU-E using the same en
riched progenitor populations from nor
mal subjects and CML patients [39, 110, 
112,113]. To evaluate their proliferative ca
pacity as quantitatively as possible, the 
BFU-E colonies were divided into 4 sub
populations (XL = extra large, L = large, M 
= medium and S = small). Representative 
colonies were aspirated and cell counts per-
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formed on individual XL BFU-E or pooled 
BFU-E from each of the smaller categories. 
The approximate mean numbers of cells 
per BFU -E in different size categories at 14 
days were: XL=105 to >4 X 105,L=5 X 104 to 
lOS, M=5 X 103 to 5 X 10\ and S= -103 to 
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5 X 103• The progenitor populations were 
grown in 1.3% methyl cellulose instead of 
the more commonly used 0.8% methyl cel
lulose; under the former conditions the 
BFU-E remain more compact, thus facili
tating sizing of colonies since they only 



break up into multiple subunits at later cul
ture times. 

Like the GM progenitors, the ratio of more 
mature erythrocyte progenitors with low 
proliferative potential to primitive progeni
tors with high proliferative potential is also 
increased in CML. However, unlike granulo
poiesis, there is no comparable expansion of 
the erythrocyte population in CML, probably 
at least in part because enucleation prevents 
the more mature progenitors from undergo
ing additional divisions as takes place in the 
granulocytic lineage [109,110,112). 

In the experiments illustrated here, the 
normal BFU -E populations were comprised 
of 21.3% (16-24%) high proliferative BFU-E 
(XL+L), whereas CML BFU-E populations 
had only 4.7% (4-5%) high proliferative 
BFU-E (L only; no XL CML BFU-E were ob
served). As a result of this difference, 67% 
(63-71 %) of normal erythroblasts were gen
erated by high proliferative BFU-E (L+XL) 
whereas CML high proliferative BFU-E (L 
only) generated only 17% (13-22%) of CML 
erythroblasts [112). 

The CML and normal marrows had simi
lar numbers of BFU-E per 106 buffy coat 
cells (mean values 338 and 282 respectively) , 
but because the majority of CML BFU-E 
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(i.e., 83%) were only capable of generating 
small or medium sized colonies, they only 
generated about 1/3 as many erythroblasts 
as normal (i.e., CML 3.76 X 106 vs. N 10.7 X 
106 cells per 106 buffy coat cells) [112,113). 
However, because of the increased cell den
sities of the CML marrows, the numbers of 
cells generated on the average per ml of nor
mal or CML marrow are almost equal. These 
findings are consistent with the clinical ob
servation that at the time of diagnosis the 
majority of CML patients have either nor
mal erythrocyte counts or are only slightly 
anemic, except for patients presenting with 
very elevated leukocyte counts and more ad
vanced disease (e.g., Table 2). [38,39). 

The effects of KL when added to erythro
poietin (EPO) alone, Mo T-cell conditioned 
media (MoCM),and to GM-CSF + IL3 on the 
growth of normal and CML BFU-E are 
shown in Figs. 14 and 15 respectively. Unlike 
the pronounced differences in KL's effect on 
normal and CML early and intermediate GM 
progenitors described earlier, normal and 
CML BFU-E responded similarly to KL. 
Whereas KL had only a slight or modest ef
fect in increasing the total number of BFU -E, 
it caused a marked increase in the size of 
both normal and CML BFU-E. However as 
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~ EPO+KL 

Dill .:.:.:.: MoCM 

§ MoCM+KL 

m GM-CSF+ IL3 

• • GM-CSF + IL3 + 
KL ~ ~ I 

L+XL 

Fig.14. Response of normal BFU-E to kit ligand (KL). Erythropoietin (EPO) 1 unit/ml was added to all cultu
res initially. KL (1000 pmol/l) was added to EPO alone, to MoT conditioned media (MoCM),and to GM-CSF 
(400 pmol!l) plus IL3 (2600 pmol!l) to test its effect in stimulating the total highly enriched normal progeni
tor population to form BFU-E at 14 days. Medium-sized colonies contained 5000-50000 cells, large (L) 
50000- 100000; and extra large (XL) > 100000 cells [ll2] 
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Fig.15. Response of CML BFU-E to kit ligand (KL); the experimental conditions were identical to those de
scribed for Fig. 14 [112] 

highlighted in Fig. 16, the number of large 
CML BFU-E was far less than the number of 
large normal BFU -E and the latter contained 
twice as many cells on the average; moreover 
no XL CML BFU-E were observed. 

Thus, like CML GM progenitors, the ma
jority of CML erythrocyte progenitors are 
also more mature and incapable of as exten
sive proliferation as comparable normal 
erythrocyte progenitors. This conclusion is 
in accord with the findings of several other 
investigators [143,144], but one recent re
port using quite different methodology for 
estimating proliferative potential reported 
that CML BFU-E did not have reduced pro
liferative capacity [145]. However, the latter 
studies are not comparable to ours since KL 
and other purified growth factors were not 
used to maximally stimulate the normal 
cells; one would not expect to find the same 
difference that we observed with suboptimal 
stimulation. 

Summary of Similarities and of Differences 
in Biological Behavior of Normal and Chronic 
Phase CML Progenitor Cells 

The foregoing experiments shown above in 
summary form were selected from a large 
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body of experimental data to illustrate im
portant similarities and differences in the 
biological behavior of normal and CML pro
genitors. These similarities and differences 
have been described in detail in recent re
views [38,39], but can be summarized under 
four categories as follows: 

Morphologic and Phenotypic Abnormalities 

Chronic phase CML cells retain their capac
ity for complete maturation, but a greater 
proportion of CML progenitors have prema
ture cytoplasmic maturation than compar
able normal progenitors (e.g., higher pro
portions of Type II blasts with non-specific 
granules, increased CD33 positivity, higher 
expression of EPO receptors, etc.). Despite 
their ability to undergo near normal matu
ration, CML chronic phase progenitors and 
maturing cells may exhibit a number of sub
tle abnormalities which tend to increase 
with disease progression. These include 
ultrastructural evidence of asynchronous 
maturation of the nucleus and cytoplasm 
with the latter maturing more rapidly, an in
creased incidence of dysplastic changes, and 
appearance of chimeric basophil/eosinophil 
granules which are not seen in normal gran
ulocytes. 
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Functional abnormalities 

In developing and/or mature granulocytes, 
these include altered motility and chemo
taxis, reduced phagocytic and bacterial kill
ing activities, and subnormal adhesiveness 
to glass, nylon, fibronectin, and other stro
maal elements. 

Among the various functional abnor
malities attributed to the p210bcr/abl fusion 
protein (reviewed in [39]), McWhirter and 
Wang [146] found that bcr sequences not 
only deregulate abl tyrosine kinase, but 
also activate an actin filament binding 
function associated with c-abl. They pro
posed that the normal function of bcr is re
lated to maintenance of the cytoskeleton, 
and that the chimerization of bcr and abl 
permits abl to bind to actin microfilaments. 
Since actin fibers are vital elements in
volved in maintaining cell shape and in reg
ulating many cellular functions and inter
actions, dis regulation of actin could have a 
critical role in altering cell growth and mat
uration. 

Cytokinetic Abnormalities 

The cell cycle parameters of normal and CML 
chronic phase progenitors and later precur
sors are similar when the cells are at compar
able cell densities (both in vivo and in vitro). 
As in other cell populations, the proportions 
of actively proliferating CML cells (i.e., in 
S+GzlM) falls with increasing cell density, 
and in both normal and CML progenitors the 
growth fraction is lower in primitive than in 
more mature progenitors. The growth frac
tion of CML progenitors decreases further af
ter blastic transformation. Crucial kinetic ab
normalities in CML include: 
1. The normal lineage apportionment is un

balanced with disproportionate commit
tal to granulopoiesis and thrombopoiesis. 

2. CML mature granulocytes have prolonged 
life spans and circulation times compared 
to normal cells, but the magnitude of the 
differences is not sufficient to account for 
the enormous expansion of the granulo
cyte compartment; increased production 
is also required. 
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3. In CML there is a failure to adequately cur
tail cell production after exceeding cell 
densities in the marrow at which cell pro
duction normally is reduced more com
pletely under steady state conditions. 
Moreover anomalous cell production of
ten takes place in the spleen at a similar 
rate to that in the marrow, and sometimes 
hematopoiesis also occurs in other ex
tramedullary sites. The mode of density 
dependent inhibition of normal progeni
tors and the specific abnormalities in CML 
progenitors that allow them to reach high
er-than-normal cell densities are not well 
understood although various explanations 
have been proposed (reviewed in [39]). 

4. In CML, unlike normal hematopoiesis, 
large numbers of immature cells are re
leased into the blood from the marrow, 
spleen and sometimes other sites, and 
continuous cell traffic occurs between 
these sites of production. Except in pa
tients with extreme leukocytosis, the cells 
rarely divide in the blood, but must return 
to the marrow or spleen to undergo mito
sis. However, a significant fraction of im
mature CML precursors in S phase are re
leased into the blood. As in acute leuke
mia, the S phase fraction of the circulating 
blasts and later precursors is usually lower 
than that in the marrow except in patients 
with very elevated WBC when it may be 
the same or even higher due to release of 
cells in S phase from grossly enlarged 
spleens. The abnormal release of imma
ture cells into the blood has variously been 
attributed to space limitations and over
crowding in the marrow, to decreased ad
herence to stromal elements, to increased 
motility or invasiveness or to some combi
nation of these factors. 

5. In accord with their more advanced state 
of maturation, the ratio of more mature 
progenitors with limited proliferative po
tential to primitive progenitors with high 
proliferative potential is substantially in
creased in chronic phase CML compared 
to normal progenitors; this results in the 
majority of CML cells being generated by 
more mature progenitors which are no 
longer under tight regulatory control. 

6. Whereas a number of human cell lines ex
pressing p210bcr/abi are growth factor in-
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dependent, like normal progenitors, pri
mary CML progenitor cells are absolutely 
dependent on hematopoietic growth fac
tors for survival, proliferation, differentia
tion and maturation. However, we have 
found certain differences in the response 
of normal CML progenitors to cytokine 
stimulation which we believe may be im
portant in understanding their abnormal 
behavior. 

CML GM progenitors are less responsive 
than normal GM progenitors to the syner
gistic effect of KL in combination with other 
cytokines, especially in increasing the size of 
colonies produced by primitive progenitors 
with high proliferative potential. As a corol
lary, normal primitive GM progenitors have 
a much higher requirement than compar
able CML GM progenitors for the synergistic 
effect of KL with other cytokines in causing 
an optimal proliferative response; converse
ly, CML progenitors have a reduced require
ment for multiple growth factors including 
KL to attain their maximal response. 

Biochemical Abnormalities 

As reported in CML cells, these include low 
neutrophil alkaline phosphatase (NAP) ac
tivities, subnormallactoferrin and lysozyme 
contents, hypersialylation of membrane 
protein, reduced total gangliosides and neu
tral glycosphingolipid content of the cell 
membrane, and quantitative changes in 
granule and other cellular proteins and in 
membrane constituents (reviewed in [38,39, 
108, 109]). Many of the biochemical and 
functional abnormalities in CML cells ap
pear to be mutually linked, quantitative 
rather than qualitative, and probably reflect 
different maturation stages of normal and 
CML cells; they tend to return towards nor
mal when the disease is brought into remis
sion by treatment. 

Recently we have reported constitutive ty
rosine phosphorylation of a number of 
phosphotyrosyl (P-tyr) proteins in early 
CML progenitors that are not detectible or 
are phosphorylated at a greatly reduced level 
in comparable normal progenitors [147-
149] as we will describe in more detail below. 



Differences in Protein Tyrosine Phosphoryla
tion in Normal and CMl Progenitors and 
Correlation with Biological Abnormalities 

Because of the probable causal relationship 
between constitutive p21 Obcr/abl protein tyro
sine kinase activity and the manifestations 
of chronic phase CML, we initiated studies in 
primary primitive lineage negative (lin) 
chronic phase CML progenitors and com
parable normal lin primitive progenitors to 
identify differences in proteins constitutive
ly phosphorylated on tyrosine. We subse
quently reported a prominent 62 kDa P-tyr 
protein that is constitutively phosphorylat
ed in chronic phase CML primary primitive 
blasts whose tyrosine phosphorylation is 
greatly reduced in comparable unstimulated 
normal blasts [147]. We established [147, 
148] that this P-tyr p62 protein associates 
with GAP and is not immunologically relat
ed to the RNA binding GAP-associated p62 
protein previously identified by Wong et al 
[150] which is now referred to as Sam 68 
[151]. Our novel p62 protein (p62dok) has 
now been sequenced and its gene (Dok) 
cloned [149]; the equivalent murine gene 
has also now been cloned and is highly ho
mologous to the human gene [152]. p62dok 

has no significant homology to any existing 
protein and does not contain any catalytic 
domain. However, it contains 15 potential ty
rosine phosphorylation sites, it is proline
rich with ten PXXP motifs, and sequence 
alignment studies show it to contain a pleck
strin homology (PH) domain at its amino
terminus (Fig. 17). Using a rabbit polyclonal 
antibody raised against a peptide at the car
boxyl-terminus of p62dok, we have identified 
the prominent P-tyr p62 protein in primary 
CML primitive blasts to be this novel protein 
and have further determined that when ty
rosine phosphorylated it does complex with 
ras-GAP. However, we have found that the 
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stoichiometry of this complex is rather low 
and estimate that only a small fraction of to
tal ras-GAP is associated with tyrosine 
phosphorylated p62dok• p62dok appears to be 
a docking protein that is a major substrate of 
numerous tyrosine kinases, but its function 
in different cell types is still uncertain [149, 
152]. 

The evidence to date suggests that p62dok 

is a substrate of the constitutive tyrosine ki
nase activity of p210bcr/abl and that it prob
ably functions as a signaling molecule [149]. 
PH domains are thought to mediate protein
protein interactions and interactions with 
cellular membranes, possibly by binding to 
inositol phosphate components of the lipid 
bilayer. If the function of the PH domain at 
the N-terminal region of p62dok is to bind 
components of the membrane or other pro
teins, then the C terminal portion which 
contains the majority of tyro sines would 
likely be positioned to interact with other 
proteins within the cytosol. The tyrosines 
may well be targets for nei§,hboring tyrosine 
kinases including p210bcr/a I, and after being 
phosphorylated they could then serve as 
docking sites for proteins containing SH2 
domains. As noted above, p62dok also con
tains ten PXXP motifs which are the core 
conserved sequence of proline-rich regions 
recognized by molecules containing SH3 do
mains. Thus while its true biological func
tion is still unknown, p62dok has several 
prominent features suggesting it may have 
an important role in signal transduction 
networks, probably as a component of a sig
naling cascade initiated by receptor or mem
brane-associated tyrosine kinases. 

In addition to p62dok, we have detected in 
whole celllysates the presence of additional 
clearly consistent but less prominent P-tyr 
proteins with molecular weights of -155, 
140, 110,55-56, and 45 kDa as well as more 
minor P-tyr proteins of -190, 85, 51-53, 42 
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Fig. 17. Schematic diagram of p62dok• The pleckstrin homology (PH) domain at the amino terminus is indi
cated as are the locations of the 15 tyro sines (Y) and 10 PXXP motifs 
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and 39 kDa that are constitutively tyrosine 
phosphorylated in primary primitive lin 
chronic phase CML blasts but not, or to a 
much lesser extent, in comparable primary 
lin normal blasts [148,153] (Fig. 18). We are 
presently trying to identify and characterize 
all these P-tyr proteins and to define their 
inter-relationships in the signaling path
ways involved. 

In analyzing proteins tyrosine phosphor
ylated in primary primitive lin normal 
blasts in response to various hematopoietic 
cytokines, we found a striking similarity in 
the phosphorylation of at least four major 
(-140, 110,62 and 55/56 kDa) and at least 
three minor (-51/53,45 and 42 kDa) P-tyr 
proteins after stimulation with KL and the P
tyr proteins that are constitutively phos
phorylated in primary primitive lin chronic 
phase CML blasts (Fig. 19). Other growth 
factors tested (i.e., GM-CSF, G-CSF, IL-3, 
FLT3 ligand, EPO and TPO) were much less 
active and/or stimulated phosphorylation of 

a Primary Chronic Unstimulated 
Ph+ Lin- Normal Lin-

Primitive Blasts Primitive Blasts 

p210 • 
p190-

p155 .. 
p140- • 

p110 • 

p85-

p62 .. 
p52 

p55 -

p45 .. 
p39 

p42 -

1 2 3 4 

other proteins. Thus at least seven proteins 
that are rapidly and transiently phosphory
lated on tyrosine in the KLlc-kit signal 
transduction pathway in lin normal blasts 
may be constitutive substrates for the 
p210bcr/abl activated tyrosine kinase in com
parable lin chronic phase CML blasts [148, 
153]. 

Tyrosine phosphorylation is known to 
not only be important in transmission of 
mitogenic signals [154-156]' but also in 
transduction of signals regulating differen
tiation and maturation in many types of 
cells [157-160]' including normal hemato
poietic and leukemic cells [161-167]. With 
regard to the seven P-tyr proteins that are 
rapidly and transiently phosphorylated on 
tyrosine in the c-kit signaling pathway in 
primary primitive lin normal blasts that 
may be constitutive substrates for the 
p210bcr/abl activated tyrosine kinase in com
parable chronic phase CML blasts [148],it is 
worth noting that KL and bcr/abl have sever-

b Primary Chronic Unstimulated 
Ph+ Lin- Normal Lin-

Primitive Blasts Primitive Blasts 

- 212 

-116 

- 66 

-36.5 

1 2 3 4 
Fig.18a,b. Immunoblot analysis of constitutive P-tyr containing proteins derived from primary primitive lin
normal blasts and Ph + chronic phase CML blasts. 5 X 105 blasts were lysed in hot SDS sample buffer. CeUly
sates were separated by 8 % SDS-PAGE, immunoblotted with an a-P-tyr moAb, developed with the ECL de
tection system, and exposed to Hyperfilm for a 1 min and b 4 min. Constitutive appearance or enhancement 
of P-tyr proteins in CML blasts are indicated by arrows on the left and molecular weight standard in kilodal
tons (kDa) are indicated on the right [148] 
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Fig.19. Analysis of proteins phosphorylated on tyrosine in response to hematopoietic factors. Primary primi· 
tive lin- normal blasts (3-5 X 105) from three normal donors were exposed for 5 min at 37°C to saturating 
amounts of growth factors shown. Cells were immediately lysed in hot SDS sample buffer. Celilysates were 
separated by 8 % SDS-PAGE and immunoblotted with an 0'-P-tyr moAb. The appearance or enhancement of 
P-tyr proteins, relative to the unstimulated controls, are indicated by arrows on the left and molecular weight 
markers are indicated on the right. a-P-tyr blots were stripped and reprobed simulataneously with a-SHC 
and a-GAP antibodies to demonstrate equivalent amounts of proteins in the cell extracts [148] 

al important similarities in their biological 
effects including enhancing survival of early 
hematopoietic progenitor cells as well as 
stimulating their expansion (i.e., KL in syn
ergy with other growth factors). The KL/c
kit receptor system mediates numerous di
verse cellular processes in different cell 
types, including cell proliferation, differenti
ation' maturation, survival, migration, adhe
sion to extracellular matrix and secretion of 
cellular proteins [168-171] . Numerous in
vestigators including ourselves have shown 
that while KL enhances the short-term sur
vival of hematopoietic stem cells and early 
progenitor cells it has only limited effect by 
itself on inducing their proliferation or dif
ferentiation. However, when combined with 
other hematopoietic growth factors, KL can 
have pronounced synergistic effects on pro
liferation, differentiation, maturation, and 
distribution [39,69,112,113,172-175] . In ex
amining the effects of KL on subsets of hu
man progenitor cells, Olweus et al [176] 
found that KL alone had a greater effect in 
inducing proliferation of erythroid progeni-

tors than GM progenitors and, as we also 
found, a stronger synergistic effect on prim
itive than on more mature GM progenitors, 
but despite these differences there were no 
differences in expression of the KL receptor 
between the progenitor subsets. 

Our own studies are generally in accord 
with the observations of most other investi
gators. In addition, as shown earlier we have 
found that primitive normal granulocyte/ 
macrophage (GM) progenitors are more re
sponsive than comparable CML GM progen
itors to KL's synergistic stimulatory effect on 
proliferation and that a higher proportion of 
CML GM progenitors compared to normal 
no longer require KL for a maximum prolife
rative response. In contrast to the GM pro
genitors and in keeping with the lesser dis
turbance of the erythroid lineage in CML, 
there is no appreciable differential effect of 
KL on normal and CML erythrocyte pro
genitors (ct. Figs. 10-13 with Figs. 14-16). 
However higher proportions of both normal 
GM and erythrocyte progenitors are capable 
of more extensive proliferation when opti-
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mally stimulated than the corresponding 
CML progenitors; moreover the CML high 
proliferative early progenitors in both these 
lineages are generally incapable of produc
ing as large colonies as the comparable high 
proliferative normal progenitors. 

Our studies also support the view that the 
primary expansion of the CML population 
takes place in a primitive progenitor com
partment at the time oflineage commitment 
rather than at the level of earliest self-renew
ing stem cell. If the latter were true, one 
would expect an acute rather than a chronic 
form of leukemia. There are also strong 
theoretical reasons why the day-to-day fine
tuning regulation of hematopoiesis operates 
at a later stage than the true (mostly quies
cent) stem cell. It is well established that the 
majority of normal stem cells are quiescent 
in steady state conditions [38]. Iflarge num
bers of stem cells were simultaneously acti
vated to meet every demand, the system 
would rapidly become chaotic and ultimate
ly break down. Moreover, there is no need to 
invoke extensive expansion of the stem cell 
compartment since an essential property of 
both normal and CML stem cells is their 
enormous self-renewal and repopulating 
potential [39]. However, since there is no re
liable in vitro assay to distinguish stem cells 
from early committed progenitors, it is un
certain whether the initial step in the mye
loid expansion involves constitutive activa
tion of more stem cells with enhanced input 
into the early committed progenitor com
partment or if the primary expansion be
gins in this compartment. 

Tentative Hypothesis Linking Biochemical 
and Biological Abnormalities 

In attempting to integrate the biochemical 
and biological observations, we would like 
to propose a tentative simple model compar
ing normal and CML production. The avail
able evidence so far leads us to postulate that 
the increased tyrosine kinase activity of 
p210bcr/abl causes untimely or inappropriate 
constitutive tyrosine phosphorylation of a 
number of proteins involved in critical sig
naling pathways, especially including the c
kit pathway. It is known that sustained acti-
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vation of discrete signaling pathways in 
some types of cells results in differentiation, 
whereas transient activation is not associat
ed with differentiation but rather leads to a 
proliferative response; in other cell types, 
the converse is observed [177-179]. Different 
cell types may respond differently depend
ing on prior developmental events such as 
their content of specific responsive tran
scription factors. 

Thus in CML it may be postulated that the 
stem cells or primitive committed progeni
tors are at a particularly susceptible stage of 
development that renders them especially 
responsive to constitutive, sustained 
bcr/abl-induced downstream hyperactiva
tion of components of critical regulatory 
pathways that are ordinarily activated by 
low-level, transient extracellular stimulation 
by KL and other cytokines. The affected 
short-circuited pathways presumably con
trol and coordinate multiple diverse cell 
processes including proliferation, differen
tiation, maturation and programmed cell 
death, processes that are normally tightly 
regulated and highly integrated. Perturba
tion of these key pathways in stem cells or 
primitive progenitor cells would be expect
ed to seriously disrupt orderly hematopoie
sis and could also explain all of the subse
quent subtle, pleiotropic biological abnor
malities characteristically observed in later 
maturing cell compartments that we have 
collectively designated "discordant matura
tion" [38,39,109,110]. 

Fig. 20 shows a hypothetical model com
paring normal granulopoiesis and granulo
poiesis in an early stage of chronic phase 
CML, illustrating how either increased acti
vation of stem cells with enhanced input 
into the primitive committed progenitor 
compartment, an increased number of divi
sions in the primitive progenitor compart
ment, or a reduced fraction of cells undergo
ing programmed cell death can lead to a 
slight growth advantage and increased cell 
production. Our own data and that in the lit
erature are not sufficiently precise to be able 
to distinguish between these possibilities, 
and it is quite possible that all three mecha
nisms are operative. Moreover, since the 
transition from stem cells to primitive mul
tipotent progenitors to the next stages of 
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Fig.20. Hypothetical model comparing primitive GM Progenitors in normal granulopoiesis and in early 
chronic phase CML. Question marks indicate uncertainty about the state of activation of CML stem cells and 
extent of input into primitive committed progenitor compartment. ® t indicates cells undergoing pro
grammed cell death 

commitment is undoubtedly a continuum, 
compartmental distinction in this context is 
largely arbitrary in any case. The expansion 
of early progenitors is of course eclipsed in 
kinetic studies by the subsequent greatly 
amplified expansion oflater progenitor and 
precursor cells. 

While the model assumes that the initial 
expansion of the CML population begins in 
primitive committed progenitor cells, it re
jects the notion that simple increased self
renewal in this compartment can by itself 
explain all the subtle kinetic and other ab
normalities that occur in CML cells. One can 
easily envision that if p210bcr/abl simulta
neously induces premature and discordant 
maturation of early progenitors, the ulti
mate proliferative potential of the affected 
progenitors could well be limited rather 
than enhanced as would be expected if in-

creased self-renewal was the sole mecha
nism. Thus, in accord with the experimental 
data cited earlier, a higher proportion of 
CML later progenitors and precursors have 
more limited proliferative capacity than the 
corresponding normal cells. 

The two models in Fig. 21 are intended to 
compare normal and leukemic granulopoie
sis in overview form. The CML model sug
gests that one or more extra divisions may 
take place in a primitive committed progen
itor compartment; alternatively, as stated 
above, one could postulate activation of 
more stem cells or early progenitor cells. It is 
implied in the model that a smaller fraction 
of the CML progenitors than normal under
go programmed cell death as indicated by a 
cross; however, reduced apoptosis alone 
cannot explain all the abnormalities such as 
the dysplastic changes, asynchronous matu-
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Fig.21. Hypothetical models comparing overview of granulocyte production in normal state and CML. The 
crosses indicate progenitor cells undergoing apoptosis 

ration and aberrant lineage distribution 
noted earlier. The signaling pathways con
trolling differentiation, maturation, prolife
ration, and programmed cell death are 
closely interconnected, and it is only to be 
expected that constitutive activation of one 
or more of these pathways in a primitive 
progenitor could seriously derange what is 
normally a highly integrated and exquisitely 
coordinated regulatory system. As we have 
shown, the CML progenitors are slightly 
more mature and on the average have less 
proliferative capacity (as indicated by the 
number of squiggles) than their normal 
counterparts, thus resulting in reduced pro
liferative capacity and a higher proportion 
of smaller colonies. Based on cell labeling 
studies, it has been known for many years 
that mature CML granulocytes live longer 
than normal, thus further contributing to 
expansion of the maturing CML compart
ments. 

The control of hematopoiesis is very com
plex and involves interaction of multiple cy
tokines and signaling pathways. Constitu
tive downstream activation of the c-kit 
pathway by p210bcr/abl is undoubtedly only 
part of the story, but it is not yet known what 
other pathways may be involved. As we have 
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noted, there are some striking similarities in 
the protein tyrosine phosphorylation pat
tern found constitutively in CML progeni
tors and in KL-stimulated normal progeni
tors, but also some differences. Likewise, as 
mentioned earlier, while bcr/abl and KL/c
kit have some notable similar biological ef
fects such as in enhancing cell survival and 
expansion, there are also differences. If 
bcr/abl does in effect cause downstream ac
tivation of components of the normal c-kit 
pathway, it must be incomplete activation 
because normal and CML progenitors re
spond similarly to KL, the main differences 
being that (a) a higher proportion of CML 
GM progenitors compared to normal no 
longer require KL for a maximum prolifera
tive response, and (b) greater proportions of 
both CML CFU-GM and BFU-E are inca
pable of as great a proliferative response as 
the corresponding normal progenitors. 

Using highly purified progenitors and 
subpopulations of progenitors, we are cur
rently trying to determine more precisely 
possible differential effects of KL and other 
cytokines on normal and CML progenitors. 
We are also trying to define as precisely as 
possible the level of progenitor cell develop
ment at which the expansion first occurs in 



CML, and whether the expansion is primari
ly due to activation of more stem cells or ear-
1y progenitors rather than additional divi
sions or reduced apoptosis. 

In summary, we propose that p210bcrtabl_ 
induced intracytoplasmic short-circuiting 
of critical regulatory pathways, including c
kit, results in constitutive and sustained hy
peractivation of important components of 
these pathways, and further that the in
volved pathways are particularly important 
in determining the fate of primitive progen
itor cells. If one considers how such a disrup
tive effect can be amplified and modified in 
ensuing phosphorylation cascades, it seems 
quite plausible that such a disturbance in a 
stem cell or early progenitor cell may have 
sufficiently broad ranging consequences to 
explain all of the pleiotropic features of 
chronic phase CML. It will be important to 
define the involved signaling pathways more 
completely and precisely, not only in order 
to better understand the disease but to seek 
possible ways to develop specific therapies. 
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Transformation of Myeloid Cells by the BCRf ABL Oncogene 
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Abstract: BCRt ABL transforms hemato
poietic cells in vitro and in vivo and exerts a 
wide variety of biological effects, including 
induction of factor-independence, reduc
tion of apoptosis, and altering adhesion of 
CML cells to marrow stroma. However, at a 
biochemical level, the mechanisms by 
which BCRt ABL transforms myeloid cells 
remain poorly understood. p210BCRtABL 
has elevated ABL tyrosine kinase activity, 
relocates to the cytoskeleton, and phos
phorylates many cellular signaling proteins. 
Recent advances in identifying the sub
strates of the ABL tyrosine kinase have led 
to a better understanding of the mechanism 
of transformation. A variety of signaling 
pathways are activated by p210BCRtABL, 
including those involving p21ras, PI3K, and 
CRKL. Considerable progress has been 
made linking each of these pathways to spe
cific biological and clinical abnormalities in 
CML. 

Chronic Myeloid Leukemia 

CML was the first neoplasm associated with 
a specific chromosomal translocation, the 
Philadelphia chromosome, t(9;22)(q34;qll) 
[1]. The molecular basis for CML has been 
worked out in elegant detail by a number of 
investigators (for reviews see [2,3]). Virtual
ly all cases are the result of fusion of the 
c-ABL tyrosine kinase with BCR, a ubiqui
tously expressed gene probably normally in-
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volved in regulating the activity of small G
proteins such as p21rho [4,5]. Two major 
translocations exist, producing two related 
fusion proteins, a shorter form associated 
with Ph( +) ALLIJ: 190BCRIABL, and the more 
common p210BC ABL associated with CML. 
The difference between the two forms is in 
the amount of BCR fused with ABL. The 
p190BCR/ABL form has several fold hiJiher ty
rosine kinase activity than p210BCR BL, and 
both forms have higher tyrosine kinase ac
tivity than endogenous c-ABL [6]. Interest
ingly, a third breakpoint has recently been 
described which fuses additional sequences 
of the BCR gene to ABL, and some of these 
cases are clinically quite mild and have been 
referred to as chronic neutrophilic leukemia 
[7]. 

CML is characterized by massive expan
sion of myeloid cells in the marrow and 
blood, splenomegaly, extramedullary he
matopoiesis, basophilia, hyper metabolism, 
and a high propensity to convert to acute 
leukemia. In many respects, the "stable" 
phase of CML is a preleukemic disorder, but 
it appears that virtually all patients with 
CML will evolve to acute leukemia if they do 
not succumb to an intervening illness. CML 
"blast crisis" is an aggressive acute leukemia 
with uniformly short survival. The blast cri
sis phase is characterized by the emergence 
of poorly differentiated primitive sub clones, 
which typically have acquired new genetic 
mutations in addition to the Ph chromo
some. 



The BCRJABl Oncogene 

BCR/ ABL is unique to CML and Ph( +) ALL, 
and does not effectively transform most 
non-hematopoietic cells, even in tissue cul
ture [8]. For example, the NIH3T3 fibroblast 
cell line is not generally transformed by 
BCR/ ABL, although sub lines can be isolated 
which are transformable. There has been a 
perception by many investigators that the 
BCR/ ABL gene product is toxic to many 
types of cells, and it is not known why mye
loid cells are permissive to BCR/ ABL trans
forming functions. The activation of the ty
rosine kinase of ABL is critical for transfor
mation [9], and there is growing evidence 
that this activation is due to dimerization or 
oligomerization of the ABL kinase by a do
main in the N -terminus of BCR. This do
main, which has a coiled-coil structure is 
likely to spontaneously form tetramers or 
oligomers [10]. We have recently tested the 
hypothesis that oligomerization is sufficient 
to activate the ABL tyrosine kinase by con
structing a chimeric receptor/oncogene by 
fusing the ligand-binding domain of the 
erythropoietin (EPO) receptor with c-ABL. 
The resulting protein has no kinase activity 
in the absence of added erythropoietin, but 
is rapidly activated after the addition of 
EPO, and has biological effects similar to 
BCR/ ABL in model systems [11] . 

p210BCR/ABL is exclusively cytoplasmic, 
with about 70% of the protein associated 
with the cytoskeleton [12]. Two groups have 
shown that p210BCR/ABL has a specific actin 
binding domain [13-15], and studies from 
our lab show that p210BCR/ABL co-localizes 
with vinculin and paxillin in focal adhesion 
plaque-like structures in mKeloid cells [16, 
17]. Many domains in p210B R/ABL have been 
shown to playa functional role in transfor
mation, dependent on the type of assay used 
to measure function. BCR has been shown to 
be important for cytoplasmic localization, 
multimer formation (10), and activation of 
the ABL kinase [18]. The SH3 domain of ABL 
is inhibitory to kinase activity, and deletion 
of the SH3 domain makes c-ABL transform, 
suggesting that an unknown cellular pro
tein(s) bind to the SH3 domain and down 
regulate c-ABL. Several potential ABL-SH3 
binding proteins have been identified, in-

cluding Abi-1, MENA, EVL, and VASP 
[19,20]' although none have been clearly 
shown to inhibit BCR/ ABL transformation. 
Interestingly, the function of MENA has 
been linked to control of cytoskeletal func
tions [19]. The SH3 domain is deleted in 
v-ABL. Tyr 177 has been shown to be part of 
a binding site for the SH2 domain of GRB2, 
and this site has been shown to be important 
for transformation in some assays [21,22]. 
The major phosphorylation site within the 
kinase domain of p 190 is important for 
transformation [9,23]. Finally, recent studies 
by Sawyers and colleagues suggest that a 
proline rich domain in ABL which is be
lieved to be the binding site for CRKL may 
also be important for transformation in 
some assays [24]. 

c-ABL 

c-ABL is ubiquitously expressed, both as a 
nuclear and a cytoplasmic protein [25,26]. 
Older studies suggested that nuclear c-ABL 
is likely to function as a negative regulator 
of growth, possibly through binding to 
known growth regulatory proteins in the 
nucleus such as Rb [27].More recent studies 
suggest that c-ABL is part of a response to 
certain types of genotoxic stress, such as X
irradiation or UV light exposure [28]. Inter
estingly, G 1 arrest induced by DNA damag
ing agents has been shown to require c-ABL, 
further implicating c-ABL in negative 
growth regulation. It is not known if 
BCR/ ABL affects the function of c-ABL with 
regards to responding to DNA damage, and 
this will be an important area to explore in 
the future. 

Biological Effects of BCRf ABL 

It has been a challenge to link the signaling 
activities of BCRt ABL with specific biologi
cal effects. The stable phase of CML is re
markable in that there is no apparent block 
in cell differentiation. In this phase, CML 
might more accurately be called a clonal 
myeloproliferative disorder. There is a strik
ing tendency of CML to evolve, however, and 
acute leukemias will eventually develop in 
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most patients. The actual causes of the mas
sive accumulation of myeloid cells charac
teristic of CML remains unclear. CML pro
genitor cells are actively cycling, probably 
more so than normal progenitor cells, but 
are entirely factor-dependent for prolifera
tion in vitro [29,30]. In tissue culture, intro
duction of BCRf ABL into factor-dependent 
cell lines or murine marrow cells typically 
generates cell lines which evolve from hy
persensitivity to growth factors to full fac
tor-independence [31]. Even modest hyper
sensitivity to growth factors is not a com
mon feature of CML progenitor cells, except 
in more advanced stages of the disease (Grif
fin,J.D., unpubl.). 

Several other biological effects have been 
reported, and may be important. First, 
BCRf ABL may affect the sensitivity of CML 
cells to apoptosis [32-35]. Normal hemato
poietic cells are in a delicate balance of life 
and death. Most of the known hematopoiet
ic growth factors induce cells to proliferate, 
differentiate, and or activate, but almost all 
factors also support viability. Most factor 
dependent cell lines, such as 32Dcl3 or 
FDCPl cells, also die rapidly, starting at 
about 18 hours after removal of growth fac
tors such as IL-3 or GM-CSE BCRfABL has a 
strong anti-apoptotic activity in myeloid 
and lymphoid cell lines, and recent studies 
from several groups, including our own, 
suggest that this is a primary and potential
ly important activity of this oncogene 
[32-36]. 

Several model systems have been created 
in which the functions of the BCRf ABL on
cogene can be regulated, and these are start
ing to be used to improve our understand
ing of both biology and signal transduction. 
For example, our group made mutants of 
BCRf ABL which were temperature sensitive 
for ABL kinase activity [36]. The best mu
tant, p21 OBCRf ABLts-l has two point muta
tions (aa 457 R-H and aa 469 Y-H) and has 
low kinase activity at the non-permissive 
temperature (39°C) and high kinase activ
ityat the permissive temperature (33 °C).At 
the non-permissive temperature, the cells 
are wild-type (IL-3-dependent for growth 
and viability) while at the permissive tem
perature the cells require IL-3 for optimum 
proliferation, but no longer need IL-3 for vi-
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ability. At the permissive temperature, the 
cell lines will also proliferate slowly in the 
absence of IL-3. Thus, BCRfABL dramati
cally reduces cell death in the absence of 
growth factors, at least in cell lines. Similar 
results were obtained by several groups 
with ts mutants ofv-ABL [33] and with pri
mary CML neutrophils and progenitor cells 
[32]. We have recently created a second 
model in which ABL kinase activity can be 
regulated by fusing the external, ligand 
binding, domain and the transmembrane 
domain of the EPO receptor to c-ABL [11]. 
In this chimeric receptor, the ABL kinase is 
inactive until EPO is added to the cells. After 
adding EPO, the kinase activity of ABL is 
regulated in a dose-dependent manner. Our 
studies so far indicate that low level activa
tion of ABL is sufficient for prolonging vi
ability and high level activity of ABL is suffi
cient for proliferation and altering adhesive 
properties [11] . 

The adhesive abnormalities of CML cells 
are particularly interesting. CML cells have 
altered adhesion to marrow stromal cells 
and some extracellular matrix proteins, not
ably reduced adhesion to fibronectin [37]. It 
has been suggested that this property con
tributes to early release of CML cells from 
the marrow. CML cells leave the marrow 
when immature, circulate in the blood in 
high numbers, and proliferate actively in tis
sues such as the spleen and liver which are 
not normally hematopoietic in adult hu
mans. There is growing evidence that this 
event is related to altered integrin expres
sion and function. 

It has recently been proposed that IFN-a 
may overcome the defective adherence of 
CML progenitors to stromal cells. Verfaillie 
et al have shown decreased adhesion to stro
ma and fibronectin but increased adhesion 
to the basement membrane components 
laminin and collagen type IV of malignant 
progenitors in CML [37]. Defects in bl inte
grin function have been described and also 
shown to be corrected by IFN-a [38]. These 
observations suggest the premature release 
of malignant CML progenitors may be 
caused by loss of adhesive interactions with 
stroma andfor fibronectin and acquisition 
of adhesive interactions with basement 
membrane components. 



Integrins and Adhesion of Progenitor Cells 

Integrins are expressed on almost every cell 
type and are important in linking the extra
cellular matrix to the cytoskeleton [39]. Each 
integrin consists of noncovalently linked, 
heterodimeric a and b chains. Integrins are 
typically grouped according to the b sub
units. The b2 leukocyte integrins (CDI8 b 
chain) have been demonstrated to be impor
tant in neutrophil functioning [40]. There 
are several ligands for b2 integrin family 
members, including ICAM-l (intercellular 
adhesion molecule 1), fibrinogen, coagula
tion factor X, and iC3b. CDllb/CDl8 is up
regulated by tumor necrosis factor, CSa, 
platelet activating factor, fMLP, and phorbol 
esters. 

Interestingly, integrins send signals back 
to the cell when they are in contact with an 
appropriate ligand [39,41-43]. For example, 
crosslinking ofCDllb/CD18 in normal neu
trophils leads to rapid tyrosine phosphory
lation of several new cytoplasmic proteins. 
Recent studies have suggested that one bio
logical effect mediated by integrin-initiated 
signaling may be inhibition of apoptosis for 
some cell types, and augmentation of apop
tosis for others. Integrin signaling, and con
trol of integrin expression and function are 
poorly understood events. In adherent cells 
such as fibroblasts, the integrins congregate 
in areas which are in contact with ECM pro
teins. Such cells have developed specializes 
structures on the inside of the cell mem
brane termed "focal adhesions" ("FAil) that 
contain a unique set of proteins which are 
believed to be involved in linking the cyto
skeleton to integrins and in sending and re
ceiving messages from integrins [44-46]. 
Many of these specialized focal adhesion 
components have been identified [41, 4S, 
46]. These components are either extracellu
lar (such as the extracellular matrix (ECM) 
proteins fibronectin and vitronectin), trans
membrane (integrins), or cytoplasmic (such 
as actin, vinculin, tensin, paxillin, and other 
molecules). Focal adhesions function as an
chors for actin fibers, and playa role in regu
lating actin assembly. Recent studies have 
shown that cross-linking of integrins sends 
signals into the cell through FA components 
[41,43,44,47,48]. For example, after ECM 

molecules bind to integrins, there are several 
proteins which have been shown to be phos
phorylated, including tensin, talin, and 
pI2SFAK, and RAFTK. p12SFAK and 
RAFTK are tyrosine kinases which are con
centrated in FAs, and may be responsible for 
phosphorylating some of the other FA pro
teins after activation. It is likely that these 
phosphorylations are associated with tran
sient alterations in FA structure and func
tion. In summary, FA structures appear to be 
important in structural support of the cell, 
and transmitting signals from cell receptors 
and various oncogenes to the cell mem
brane. 

BCRlABL and the Actin Cytoskeleton 

Several tyrosine kinase oncogene products 
(such as g60v-src, pI60v-ABL, p60V~ES, and 
p210BCR/AB ) induce phosphorylation of one 
or more cytoskeletal proteins such as vincu
lin, talin, and tens in [49,SO]. The interaction 
of oncogenes with FAP proteins has been 
implicated in transformation and particu
larly in changing adhesion to ECM proteins, 
decreased contact inhibition, and ability to 
metastasize [46,SI]. BCRI ABL localizes to 
the cytoskeleton and causes a pronounced 
disorganization of the actin micro filaments 
associated and a significant increase in the 
phosphotyrosine content of cytoskeletal 
proteins. For example, both paxillin and 
p130cAS are also prominent substrates of 
BCR/ABL [S2]. Paxillin is one of the major 
tyrosine phosphoproteins in cells trans
formed by v-Src or v-Crk [S3,S4]. Paxillin 
interacts directly with both v-Src and v-Crk 
proteins, through the SH2 and SH3 domains 
of Src, and the SH2 domain of Crk, based on 
in vitro binding studies. Binding of v-Src 
and v-Crk to paxillin may be important in 
concentrating both of these oncogenes in fo
cal adhesions, and therefore could be impor
tant in the altered cytoskeletal structure and 
adhesive properties that accompany trans
formation by both viral oncogenes. Interest
ingly' one of the major targets for BCRI ABL 
in the cytoplasm is an adapter protein 
termed CRKL,orCRK-like [SS-S7].CRK and 
CRKL each have one SH2 domain, an SH2' 
domain, and two SH3 domains, without oth-
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er known functional domains [58,59]. Like 
GRB2, CRK and CRKL are likely to function 
as "adapter proteins:' linking different pro
teins in a regulated manner. We and others 
have recently identified a series of signaling 
proteins linked to BCR/ ABL through CRKL, 
and many of these proteins are also involved 
in integrin signaling in normal cells. These 
proteins include paxillin, p130CAS, p120cBL, 
and HEFl. Each of these proteins bind to 
CRKL through the CRKL SH2 domain, 
which recognizes Y-X-X-P motifs, particu
larlyY-D-X-P [16,17,60-64]. 

Defects in Cytoskeletal Function in Cells 
Transformed by RCR/ARL 

We have recently demonstrated that the cy
to skeletal abnormalities of cell lines trans
formed by BCR/ ABL are more significant 
than previously realized [17]. In addition to 
the well known adhesive defects to fibronec
tin, BCR/ ABL affects the morphology of the 
cytoskeleton and has a profound effect on 
motility of myeloid cell lines on certain sur
faces [65]. Cell lines such as Ba/F3 tend to be 
quite motile when cultured on plastic sur
faces or surfaces coated with some ECM pro
teins such as laminin or vitronectin. How
ever, on fibronectin, they tend to stop their 
spontaneous crawling, round up and adhere 
loosely. Cells containing BCR/ABL are un
able to control their motility on such surfac
es and tend to have hyper motility at all 
times. This is likely to reflect the altered inte
grin signaling that occurs in these cells in 
the presence of BCR/ ABL. 

Summary 

The biological defects of CML cells are be
coming clearer and are likely to include 
subtle defects in the cell cycle, apoptosis, ad
hesion, motility, and DNA repair. The 
BCR/ ABL gene product is a large protein 
with many signaling motifs, many different 
substrates, and a variety of cellular effects 
that depend, in part, on the model system 
being studied. So far, a number of murine 
models of CML have been identified, but 
many are closer to acute leukemias than 
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chronic myeloproliferative disorders. Inter
estingly, a mouse with a myeloproliferative 
disease similar to CML was recently created 
by knocking-out the ICSBP gene, a tran
scription factor belonging to the interferon 
regulatory factor family. [66]. It will be of 
interest to determine if the clinical effects of 
interferon are related to this pathway. Pre
sumably, all of the biological effects of 
BCR/ ABL are initiated from its cytoskeletal 
location, and these are likely to include ef
fects on transcription factors such as c-myc 
[23,67], cell cycle regulatory proteins such as 
cyclin Dl [68], and cytoplasmic signaling 
proteins involved in p21 ras regulation [69-
72], and proteins that are involved with inte
grin signaling or cytoskeletal function 
[16,60,61,64,73,74]. 

The effects of BCR/ ABL on integrin func
tion are particularly interesting. BCR/ ABL 
may block the signals that regulate either ex
pression or affinity, thus altering the ability 
of the cell to change its adhesive profile. This 
could easily change the ability of the cell to 
bind to critical extracellular matrix compo
nents. BCR/ ABL may also interfere with sig
nals that are initiated by integrins when they 
are either bound to their ligand or aggregat
ed. Such signals are known to involve rapid 
activation of the focal adhesion kinase FAK, 
and tyrosine phosphorylation of FA pro
teins such as paxillin. The role of integrin 
signaling into the cell is not clear, but several 
themes are emerging. First, in addition to 
simply providing adhesion to the proper 
substratum, some cells are likely to need to 
know that they are in the right microenvi
ronment. One way in which this could occur 
is to have integrins (and/or other adhesion 
molecules and cell surface receptors) send 
signals into the cell when they are appropri
ately activated by ligand. In this way, cells 
would sense when they are in the right mi
croenvironment for proliferation or differ
ent functions. Such a sensing mechanism 
may be particularly important for highly 
migratory hematopoietic cells. Although 
immature hematopoietic stem cell are found 
in the blood and circulate through all or
gans, proliferation of these cells is observed 
almost exclusively (in humans) in the bone 
marrow. It is likely that multiple signals 
through cell surface receptors are required 



to permit initiation of proliferation to occur, 
and one reasonable set of receptors would be 
integrins. If so, BeRf ABL could cause the cell 
to grow under conditions which inhibit pro
liferation of normal progenitor cells. The 
data cited above, in fact, would suggest that 
BeRf ABL would initiate signals that could 
indicate that integrins are "activated:' even 
when they are not. These new avenues of re
search on BeRf ABL biology will likely be ex
tremely informative in the near future. 
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Abstract. Two novel isoforms of the recently 
described ZFMl gene were identified by 
differential screening of a cDNA library ob
tained from a GM-CSF dependent human 
myeloid leukemia cell line (GF-DS). The 
transcription pattern of the ZFMl gene is 
complex and characterized by four tran
scripts of approximately 3.9, 3.7, 3.2 and 2.9 
kb which are apparently up-regulated upon 
stimulation with GM-CSF. The same pat
tern of expression is also observed in fresh
ly isolated myeloid leukemia cells and hu
man normal CD34+ stem cells. In light of 
these data, and since GM-CSF is known to 
stimulate signal transduction pathways, it 
become relevant that all the different iso
forms of ZFMl contain the KH module 
which is a sequence motif present in pro
teins playing a major role in regulating cel
lular RNA metabolism. Search for function
al domains demonstrates that ZFMl be
longs to a new and growing family of genes 
including Sam6S, a target of Src, Fyn and 
Grb2 and the newly clone mouse quaking 
proteins (QKI) necessary in early embryo
genesis and myelination. All these mole
cules are thought to play a down stream 
role in cell signaling and RNA binding and 
were defined as signal transduction and ac
tivator of RNA (STAR) proteins. ZFMl is 
highly conserved from yeast to humans and 
this might imply that this new pathways has 
significant function. 

Introduction 

Leukemic cell lines established from pa
tients with acute myeloid leukemia have 
been largely used as useful models to iden
tify and clone genes controlling myeloid 
differentiation and proliferation [1]. We 
established a new growth factor-dependent 
acute myeloid leukemia cell line named 
GF-DS [2] whose long-term survival and 
proliferation in vitro are strictly dependent 
upon the presence of GM-CSF or IL-3. Many 
other cytokines including G-CSF, IL-6 and 
Fit ligand are unable to support the prolife
ration of GF-DS making this experimental 
model attractive to search for GM-CSF regu
lated genes. A number of growth factor 
induced genes were identified by differential 
hybridization of cDNA libraries using 
probes obtained from activated compared 
with quiescent cells [3]. Although this 
method is limited in its sensitivity and 
detects only those transcripts that are 
expressed in relatively high abundance, it 
allowed the identification, in cultured 
vascular endothelial cells, of a novel IL-113 
inducible pentraxin-related gene called 
PTX-3 [4]. Thus we use this strategy, to 
characterize new genes whose transcrip
tion could be induced or regulated by GM
CSF. 
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Material and Methods 

Cells 

The establishment and characterization of 
the human GM-CSF dependent myeloid leu
kemia cell line GF-D8 has been reported pre
viously [2]. Human normal hematopoietic 
stem cells (CD34+ cells) were obtained from 
the peripheral blood of healthy donors 
treated with G-CSF to mobilize progenitor 
cells for allogeneic transplantation [5]. A 
highly purified fraction of CD34+ cells 
(> 95% pure) was obtained by positive se
lection using CD34 magnetic microbeads, 
XS+ column and a SuperMACS separator 
(Miltenyi Biotec, Germany) which allows 
collecting up to 1 X 109 positive cells. Acute 
myeloid leukemic cells were obtained from 
bone marrow aspirates from patient at diag
nosis. The leukemic blast population was 
purified by Ficoll gradient sedimentation 
and was more than 90% pure as assessed by 
conventional morphology and flow cyto
metric analysis using a FACScan apparatus 
(Becton Dickinson, Mountain View, CA) and 
stem cell and myeloid specific monoclonal 
antibodies (HPCA-2, anti CD34), (Leu M7, 
anti CD 13) and (Leu M9, anti CD33) (Becton 
Dickinson). 

eDNA Libraries and Differential Screening 

Total RNA was extracted and purified by 
guanidinium isothyocyanate and cesium 
chloride gradient as previously described 
[6] from GF-D8 cells cultured for 2 h in the 
presence or absence of both GM-CSF (50 
ng/ml) and cycloheximide (10 /-Lg/ml). 
Poly(At RNA was further purified by affin
ity chromatography on oligo(dT)-cellulose 
and a cDNA library was constructed in the 
l'-ZAPII vector (Stratagene, La Jolla, CA) as 
described [4]. The cDNA probes were ob
tained from resting and GM-CSF activated 
GF-D8 cells and the membranes were hybri
dized and washed as described [4]. Plaques 
showing a stronger hybridization signal 
with the cDNA probes obtained from GM
CSF-stimulated relative to untreated GF-D8 
were picked. These were rescreened three 
times differentially to obtain single clones. 

Phage inserts were rescued in the Bluescript 
vector and sequenced with the dideoxynu
cleotide chain termination method [7]. 

Northern Blot Analysis 

Northern blot analysis was performed using 
either total cellular RNA or poly(At select
ed mRNA. as described [6]. Equal RNA load
ing was checked by hybridization with 
the cDNA coding for the human glycer
aldehyde-3-phosphate dehydrogenase 
(GAPDH) [8]. Probes were labeled to a spe
cific activity of 109 cpm/mg by using hexanu
cleotide primers and 3zp_dCTP [9]. 

RT-PCR 

RT -PCR reactions were performed using 
cDNAs synthesized with 1 /-Lg of total denat
urated RNA (from GM-CSF activated GF-D8 
cells) in a 20 /-Ll reaction mixture containing 
100 /-LM dNTPs, IX First strand Buffer, 1 /-Ll 
Superscript RT RNase H- Virus Reverse 
Transcriptase (Gibco BRL, Gent, Belgium), 
20U RNase inhibitor and random hexamers, 
using a commercial kit (Perkin Elmer-Ce
tus). All PCR experiments were performed 
using an automated heat block (PCR system 
9600, Perkin Elmer-Cetus). cDNA clones 
containing the whole coding sequences of 
the new ZFM1 isoforms were obtained in vi
tro by Expand High Fidelity PCR System 
(Boehringer, Mannheim). The PCR reaction 
was performed by adding 5 /-Ll of the cDNA 
product to a PCR mixture containing 1.5 
mM MgClz' IX Expand HF buffer, 400 /-LM 
dNTPs, 2.6 U of a mixture of Taq and Pwo 
DNA Polymerases, 300 nM of a 3' amplimer 
common to all ZFMl isoforms (nucleotides 
2501-2520 [10]) and 300 nM of a 5' amplimer 
corresponding to the 5' untranslated se
quence of ZFM1 (nucleotides 328 to 347 
[10]). After an initial denaturation at 95 °C 
for 1 min, 12 cycles of amplification were 
performed each consisting of a denaturation 
step at 95 °C for 30 s, and annealing step at 
56 °c for 30 s, an extension at 72 °C for 3 min; 
16 cycles each consisting of a denaturation 
step at 95 °c for 30 s, an annealing step at 
56 °C for 30 s and an extension at 72 °C for 
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3 min + 20 s/cycle.A final extension at 72 °C 
for 10 min (1 cycle) and cooling at 4 °C was 
done at the end. The amplified DNAs wre di
rectly sub cloned from the PCR reaction into 
a pMOS plasmid (Amersham, Buckingham
shire, UK). 

A specific region of the B74b4 cDNA was 
sub cloned by RT -PCR using as 5' primer the 
oligonucleotide CTCCCATGGACCCTTCTA 
and as 3' primer the oligonucleotide 
TCCCAAGCGAATCCTCAG (both derived 
from the B74b4 sequence). Five IJ.I of the 
cDNA product were added to a PCR mixture 
containing 1.5 mM MgCI2, IX PCR Buffer 
(Perkin Elmer-Cetus), 200 IJ.M dNTPs and 
2.5 U of Taq DNA Polymerase. After an in
itial denaturation at 95°C for 1 min, 35 cy
cles of amplification reactions were per
formed, each consisting of a denaturation 
step at 95°C for 30 s an annealing step at 
54°C vor 30 c and an extension at 72 °C for 
30 s. The 5' portion of ZFMl was similarly 
cloned by PCR using as 5' primer an oligonu
cleotide from position 45 to 66 and as 3 
primer an oligonucleotide from position 1024 
to 1046 (both derived from the published se
quences of ZFMl) [10] using the same am
plification protocol as described above. 

In Vitro Transcription and Translation 

The full-length cDNA clones B30S (sub
cloned into the pBluescript II SK ± vector 
downstream from the T3 promoter) and 
B40S (cloned into the pMOS vector) con
taining the complete ORF of the two new iso
forms of the ZFM 1 gene, were used for the in 
vitro transcription and translation assay. 
One microgram of each recombinant plas
mid was used in a rabbit reticulocyte lysate 
assay with a commerciallr: available kit (Pro
mega) in the presence of 5S-labeled methio
nine. The final products were run in a stan
dard 8.5% SDS-polyacrylamide gel, fixed in 
40% methanol-l0% acetic acid, dried and 
auto radiographed. 

Computer Methods 

All sequences were obtained from the Swiss
prot WWW and GeneBank servers. Multiple 
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sequence alignment was performed using 
the software package Camelon (Oxford 
Molecular Ltd., Oxford, UK) and Clustal W 
1.6. The mutation data matrix [11] was used 
as similarity matrix. Similar results were ob
tained with other matrices (data not shown). 
All sequences were scanned against the Pro
site database [12] to look for sites and pat
terns. 

Results 
By differential screening of the cDNA li
brary constructed from the GF-D8 cell line 
stimulated with GM-CSF, we obtained three 
clones (B74c1, B74b4 and B74b3) showing a 
partial identity with the ZFMl nuclear pro
tein recently described by Toda and co
workers [10]. Although the ZFM 1 sequence 
showed a high degree of identity with the 
sequence of our cDNA clones, we noticed 
some important differences. The B74b3 
cDNA clone differs only for a four nucleo
tide insertion at nucleotide 1724 of the 
ABCDF isoform of ZFMl [10], resulting in a 
frame shift of the ORF. Clone B74b4 con
tains the insertion of 383 additional nucleo
tides at position 2137 of the nucleotide se
quence for the ABCDEF isoform of ZFMl 
[10]. Again, this insertion determines a dif
ferent sequence of the putative protein 
product towards the COOH terminus. By 
RT -PCR amplification using RNA from GM
CSF activated GF-D8 cells the whole coding 
sequences of these two new isoforms of 
ZFM1 were cloned (B40S, a 2576-bp-Iong 
sequence with an ORF of 1917 bp coding for 
639 aa and B30S, a 1943-bp-Iong sequence 
which presents an ORF of 1713 bp coding 
for 571 aa). The B30S and B40S cDNAs were 
therefore considered representative of two 
new isoforms of the ZFMl gene and will be 
thereafter referred to as B3 and B4, respec
tively. 

The cDNA clones B30S and B40S can ef
fectively initiate protein synthesis, as dem
onstrated by experiments of in vitro tran
scription and translation performed using 
the reticulocyte lysate assay. As shown in 
Figure 1, we could obtain two protein prod
ucts of 62 and 68 kDa, respectively, in total 
agreement with the molecular weight pre
dicted by their 0 RF. 
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Fig. 1. In vitro transcription and translation of the B3 
and B4 ZFM 1 isoforms. The B30S and B40S cDNAs, 
cloned into pBluescript and pMos vectros, respec
tively, were in vitro transcribed and translated using 
a reticulocyte lysate assay with 35S-methionine and 
are identified as B3 and B4 in the figure. Luciferase 
protein (control) was used as positive control of the 
reaction as well as molecular weight standards (61 
kDa). The additional molecular weights indicated in 
the figure were calculated using Rainbow coloured 
proteins (Amersham, Buckinghamshire, UK) run in 
parallel in the polyacrylamide gel 

Expression of ZFMl is Regulated by GM-CSF 

To confirm ZFMI expression in myeloid 
cells and its inducibility by GM-CSF, we used 
the B74cl eDNA clone (919 bp long, corre
sponding to the 3' end of ZFMl) as a probe 
on northern blots experiments. Using 
poly(At RNA, we show that the pattern of 
ZFMl transcription is highly complex since 
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Fig. 2. Northern blot analysis of poly{Aj+ RNA from 
resting (wlo GM-eSP) and GM-CSF stimulated 
(+ GM-eSP) GF-D8 cells, probed with the B74cl 
eDNA clone 

in basal conditions, two bands with an ap
parent molecular weight of2.9 and 3.7 kb are 
evident whereas upon treatment with GM
CSF the intensity of these two bands is con
sistently increased and accompanied by the 
appearance of two new bands of 3.2 and 
3.9 kB (Fig. 2). 

Moreover, by RT -PCR, we were able to 
generate a cDNA probe specific for the 383 
nucleotide sequence exclusively present in 
the B4 isoform and identified as X in Figure 
3. When used as a probe in Northern blot ex
periments with total cellular RNA obtained 
from GF-D8 cells, this B4 specific sequence 
hybridized only to the high molecular 

C1 
I I 
I· i' : . : . : . : . : ·1 

ATG TAA 

b4 
x 

~""""""l , , : , , , 

Fig. 3. Northern blot analysis of total 
RNA from GF-D8 cells sequentially 
hybridized on the same filter with the 
B74cl eDNA clone (el) and, upon re
moval of this probe by high stringen
cy washing, with a B4 specific se
quence (X) which hybridizes only to 
the high molecular weight tran
scripts ATG TAA 
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Fig. 4. Expression of ZFMl in 
normal peripheral blood 
mononuclear cells in resting 
condition or upon in vitro 
stimulation of cell prolifera
tion by mitogens. The same 
filter was sequentially hyb
ridized with the B74cl cDNA 
clone (ei) and, upon removal 
of this probe by high strin
gency washing, with a B4-
specific sequence (X) which 
hybridizes only to the high 
molecular weight transcripts 
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weight transcripts, as compared to the B74cl 
eDNA probe (indicated as Cl in Figure 3) 
which recognizes both high and low molec
ular weight transcripts. 

The peculiar hybridization pattern of the 
B4 specific nucleotide sequence was con
firmed using RNA obtained from resting 
and mitogen activated normal peripheral 
blood mononuclear cells. In this case, how
ever, no evidence of transcription induction 
was obtained upon stimulation of cell pro
liferation (Fig. 4). 

Interestingly enough, ZFMl expression 
was found partially regulated by GM-CSF 
also in highly purified normal human hema
topoietic stem cells (CD34+ cells) obtained 
from the peripheral blood of normal volun
teers treated with G-CSF for collection of al
logeneic stem cells (data not shown). Similar
ly, ZFMl was found constitutively expressed 
in primary human myeloid leukemia cells ob
tained from AML patients at diagnosis. In vi
tro exposure to GM-CSF of leukemic blasts 
was able to prevent the spontaneous down 
modulation of ZFMl gene expression ob
served in control samples (data not shown). 
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IFMl Belongs to the STAR Protein Family 

The protein products of these two novel iso
forms of the ZFMl gene (B3 and B4) code for 
571 and 649 aa, respectively. When com
pared to the ABCDEF and ABCDF isoforms 
of ZFMl previously reported by Toda and 
coworkers [10], we notice that B3 and B4 en
code for the same protein for the first 447 aa 
(Fig. 5). 

Three amino acids (E at position 269, Rat 
position 348 and R at position 377), are 
present in B3 and B4 sequences substituting 
for G, A and W residues, respectively, in the 
ABCDEF and ABCDF isoforms [10]. The B3 
sequence diverges from the others starting 
at position 448. Interestingly, the Prosite 
screening revealed the presence of an "A 
type" ATP/GTP binding site motif overlap
ping the site of divergence from residue 443 
to residue 450 (GPPPMGKS) of the B3 se
quence. Also noteworthy, the GTAA addi
tional nucleotides were previously consid
ered the first four nucleotides of the intron 
lying between exon 10 and 11 [10]. Further
more, the new carboxy terminus of B3 ap-
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:ig. S. Schematic representation of ZFM 1 isoforms. Numbers above the boxes indicate the site of divergence 
Jetween different proteins. Numbers on the right indicate the length in aminoacids 

Jears to be relatively rich in tyrosine resi
fues (8/164). B4 diverges from ABCDF at po
;ition 528 and from ABCDEF at position 587. 
<\s previously described [10], the common 
=-terminal region of these isoforms (aa po
;ition 420 to 586) is rich in proline residues. 
interestingly, the B4 specific C-terminal se
luence starting at position 587 adds a fur
:her proline-rich region (23/53). 

Using the Blast server at EMBL we noticed 
that very recently two new sequences had 
Jeen identified which may represent the 
mouse (CW17R mouse accession number 
1083269) and the Saccharomyces cerevisiae 
(CW17R SacCer, accession number 
1256857) ZFM1 orthologous genes. 

Furthermore, we noticed a significant 
alignement between ZFM1 protein and sev
eral other gene products containing a KH 
domain. This domain was originally identi
fied in the human heterogeneous nuclear ri
bonucleoprotein (RNP) K protein [13-15] 
and now demonstrated to be able to bind 
single stranded RNA [16]. in ZFM1 the KH 
domain extends from position 135 to posi-

tion 227 according to the exact definition of 
the boundaries of the KH domain recently 
obtained with the three dimensional solu
tion structure [17]. 

Although a very large group of proteins 
that bind non specifically to ssRNA show the 
KH domain [17] a subgroup containing the 
ZFM1 protein has been identified for struc
tural reasons and shown to include the 
ZFM1 gene, the Grp33 from Artemia salina 
(brine shrimp) [18], the human Sam68 (pre
viously and erroneously identified as p62) 
[19,20], the quaking gene (gkI) from mouse 
[21], the Gld-1 Cele from Caenorhabditis 
elegans [22] and the YKCA-Cele gene also 
from C. elegans (accession number P42083). 
We now update this growing family showing 
the alignement also with the CW17R from 
mouse (accession number 1083269) and 
CW17R SacCer from Saccharomyces cerevi
siae (accession number 1256857), the mouse 
orthologous of Sam 68 (accession number 
602251) and yet another C. elegans gene, the 
F54Dl.l Cele [23]. Interestingly, the aligne
ment extends beyond the 3' boundary of the 
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KH domain and confirms what had been hy
pothesised as the presence of another region 
of homology called QUA2 domain [21]. 
QUA2 was shown common to qkI, the hu
man Sam68 and the Gld-l genes [21]. 

Discussion 

We cloned two novel isoforms of the ZFMl 
nuclear protein which shows interesting 
structural properties including a nuclear 
transport domain, a metal binding motif 
and glutamine and proline-rich regions. 
ZFMl maps on chromosome llq13 where 
genetic linkage studies and analyses of loss 
ofheterozigosity in multiple endocrine neo
plasia type 1 (MENl) associated tumors 
have localized the candidate genes for MENI 
[24,25]. While the main common structural 
feature described so far for all the alternative 
COOH tails is their high proline content [26] 
it has to be noted that one of the isoform we 
cloned, because of four additional nucleo
tides, contains an ATP IGTP binding site and 
is also rich in tyrosine residues even though 
an abundant presence of potential phos
phorylation sites is evident in all isoforms. 

We also show that GM-CSF is able to regu
late the expression of ZFMl not only in the 
GF-D8 cell line, but also in human CD34+ 
stem cells and freshly isolated myeloid leu
kemias. However, different ZFMl isoforms 
have been identified from cDNAs libraries 
prepared from human brain and fetal liver 
[10]. In agreement with these data we also 
observed expression of ZFMl in non-he
matopoietic tissues, such as endothelial cells 
and placental preparations (data not shown) 
and expression of this gene has been shown 
in other tissues of mouse and man [27]. On 
the other hand, in human hematopoietic 
cells, we have been able to isolate only the B3 
and B4 isoforms thus suggesting that ZFMl 
might be differentially expressed in different 
tissues. Interestingly, a ZFMl related se
quence has been recently cloned as a gene 
activated during p53-induced apoptosis in 
mouse M 1 myeloid leukemia cells [28]. 

A comparison of the sequence of the 
ZFMl product with known proteins showed 
significant structural homologies with 9 
other different genes. The homology is 
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mainly due to the presence in all these genes 
of one KH domain, recently crystallised [17] 
and shown able to bind single stranded RNA 
[16,27]. Proteins sharing a KH domain may 
act as docking proteins for molecules in
volved in signal transduction and gene ex
pression [29] and we noticed that all such 
genes present another domain of homology 
immediately adjacent to the 3' end of the KH 
domain and called QUA2 [21], which may 
take up an ex helical conformation (data not 
shown). Intriguingly, for three genes of the 
family genetic lesions have been described; 
the ZFMl may be a likely candidate for the 
genetic lesion responsible for the multiple 
endocrine neoplasia type 1 (MENl) syn
drome; the Gld-l is subject to three different 
mutations which can give two different phe
notypes, one is a loss of function and in
volves the RNA binding ability of the KH do
main, the other two, more interestingly, give 
a change in phenotype (MOG for masculin
ization of germline) [22]. In addition, the re
cently cloned qkI gene, expressed in the ear
liest cells of the embryonic nervous system 
and in the myelinating tracts of the neonatal 
brain, is responsible for the quaking muta
tion in mouse and can suffer for truncations 
or ENU induced point mutations in a region 
immediately upstream the KH domain [21]. 

The presence of Sam68 gene which has 
been demonstrate to be a target of Src, Fyn 
and Grb2 phosphorilation [30] and the clear 
identification of a subclass of KH genes led 
to the proposal to identify such genes as 
STAR (signal transduction and activator of 
RNA) indicating the association of QUA and 
KH domains as a marker for this family. We 
now further substantiate this proposal by 
the demonstration that ZFMl is a GM-CSF 
inducible gene and with the alignement of 
10 different genes which clearly indicate the 
contemporary presence of KH and QUA2 
domains in all members. This new group of 
STAR proteins has been proposed as a gen
eral cellular pathway analogous to the signal 
transduction and activation of transcription 
pathway JAK -STAT [21]. Preliminary experi
ments with a polyclonal antibody raised 
against the B4 isoform allowed to demon
strate that ZFMl mainly localizes in the nu
cleus of GF-D8 cells exposed to GM-CSF 
(manuscript in preparation). On the other 



hand, the B3 sequence presents several tyro
sine residues at the COOH terminus which 
might be suitable substrates for phosphory
lation induced by tyrosine kinases which are 
typically phosphorylated when cells are ex
posed to appropriate signals like GM-CSF in 
the case of hematopoietic progenitor cells 
[31]. Since ZFMl belongs to this emerging 
family of potential signal transduction 
molecules, experiments are currently ongo
ing to elucidate whether ZFMl is a protein 
target of phosphorylation. 
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Expression of lie Receptorlyrosine Kinase in Leukemia (ell Lines 

C. BREDOUX, C. C. UPHOFF, H. G. DREXLER 

Abstract. The tie gene encodes a receptor ty
rosine kinase that together with its thus far 
unidentified ligand appears to playa distinct 
role in the regulatory pathway of early he
matopoiesis and angiogenesis. We analyzed 
the possible involvement of tie in the pa
tho biology of hematopoietic malignancies 
by examining tie mRNA expression in hu
man leukemia and lymphoma cells. We used 
a panel of 93 human leukemia-lymphoma 
cell lines as model systems for the various 
hematopoietic cell lineages. At the Northern 
blot level, 0127 lymphoid leukemia or lym
phoma-derived cell lines (originating from 
4 B-precursor leukemia, 4 B-cellieukemia, 4 
B-cell non-Hodgkin's lymphoma, 2 myelo
ma,2 Burkitt lymphoma, 4 T -cell leukemia, 5 
Hodgkin lymphoma, 2 anaplastic large cell 
lymphoma) expressed tie transcripts, 
whereas 23/42 (55%) of the myeloid cell lines 
expressed tie mRNA: in detail, 15/20 (75%) 
megakaryocytic, 5/11 (45%) erythroid, 3/7 
(43%) myelocytic and 0/4 monocytic cell 
lines were tie mRNA positive. In the reverse 
transcriptase-polymerase chain reaction 
analysis, detecting low levels of mRNA ex
pression, all 12 myeloid cell lines and 19/39 
(48%) lymphoid cell lines were positive. In 
experiments aimed at inducing cellular dif
ferentiation, the phorbol ester PMA strongly 
enhanced tie mRNA expression in one 
erythroid and in one myelocytic cell line, but 
(like thrombopoietin) down-regulated tie 
mRNA expression in two megakaryocytic 

cell lines. These results indicate that tie is 
predominantly expressed in leukemia cells 
derived from the myeloid cell lineages (and 
here in particular in megakaryoblastic cells) 
and not in lymphoid leukemia cells. These 
observations provide some evidence for the 
hypothesis that tie is a receptor for a regula
tory factor involved in normal and plausibly 
also leukemic hematopoiesis. 

Introduction 

Proliferation and differentiation of hemato
poietic cells is controlled by a series of solu
ble and membrane-bound regulators and 
their receptors. Protein tyrosine kinases are 
involved in the transduction of a variety of 
these extracellular signals into distinct cel
lular responses [1). The complexity of intra
cellular signaling is reflected by the diversity 
of the tyrosine kinases that comprise a large 
gene family [2]. The so-called receptor tyro
sine kinases (RTKs), for instance c-fms, c
kit, flt-3 and ufo/ax} [3,4]' function directly 
as receptors for hematopoietic factors. 

Reverse transcription-polymerase chain 
reaction (RT -PCR) with degenerate oligonu
cleo tide primers had been used to clone the 
tie RTK gene isolated from the chronic mye
loid leukemia (CML)-derived cell line K-562 
treated with the phorbol ester PMA [5,6]. tie 
and the related tek (also termed tie2) consti
tute a distinct family of RTKs sharing cer-

DSMZ-German Collection of Microorganisms and Cell Cultures, Department of Human and Animal Cell 
Cultures, Braunschweig, Germany 
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tain structural properties [7,8]: two immu
noglobulin-like domains, three epidermal 
growth factor-like domains, and three fibro
nectin type III-like repeats in the extracel
lular region and a kinase domain with a 
short kinase insert sequence in the intracel
lular region. tie and tek are broadly ex
pressed in endothelial cells from different 
murine and human tissues, including differ
entiating angioblasts and vascular endothe
lial cells of embryos [9]. Studies on knock
out mice showed that they have critical, but 
distinct roles in blood vessel formation 
[10,11]. 

The detection of tie in the developing 
blood islands of mouse embryos and in mu
rine bone marrow stem cell fractions sug
gested that tie is also expressed in primitive 
human hematopoietic cells [8,9]. Recent re
ports described the expression of tie in hu
man hematopoietic stem/progenitor cells 
[12,13]. 

To begin to understand the possible path
obiological involvement of the tie RTK in 
leukemogenesis we examined its expression 
at the mRNA level in a panel of human cell 
lines representing the major hematopoietic 
cell lineages. 

Materials and Methods 

Culture of Cell Lines and in Vitro Stimulation 

The continuous cell lines were taken from 
the stock of the DSMZ cell bank (German 
Collection of Microorganisms and Cell Cul
tures) [14] or were generously provided by 
the investigators who established the cell 
lines for research purposes. They were 
grown at 37°C in a humidified atmosphere 
of air containing 5% CO2, The basal growth 
media (Gibco BRL, Eggenstein, Germany) 
were supplemented with 5-20% fetal bovine 
serum (FBS) (Sigma, Deisenhofen, Germa
ny). Several cell lines are constitutively 
growth factor-dependent for survival and 
proliferation; these cell lines were cultured 
with 10-20% (vol) of conditioned medium 
from the human bladder carcinoma cell line 
5637 known to contain several cytokines in
cluding granulocyte colony-stimulating fac
tor, granulocyte-macrophage CSF and stem 

200 

cell factor. The adherent cell line 5637 was 
detached with trypsin/EDTA. The cell 
counts and viabilities were examined by try
pan blue (Sigma) dye exclusion. Cells were 
harvested for DNA and RNA isolation in 
their logarithmic growth phase and with vi
abilities of more than 90%. Cell pellets were 
stored frozen at -20°C or were further pro
cessed immediately. 

In vitro stimulation was performed with 
the protein kinase C activator phorbol 12-
myristate 13-acetate (PMA; Sigma) and the 
vitamin A-analogue all-trans retinoic acid 
(ATRA; Sigma). These reagents were first 
dissolved in ethanol at an initial concentra
tion of 10-3 M, subsequently diluted in RPMI 
1640 medium and used at a final concentra
tion of 1 x 10-7 M, so that the final concentra
tions of the solvent was maximally 0.01 %. 
Some cell lines were also treated with 100 
U/ml thrombopoietin (TPO; from Zymoge
netics, Seattle, WA, USA). Kinetic analyses 
were performed by harvesting cells after dif
ferent incubation times (after 0, [12], 24, 48, 
72 or [96] h). 

Isolation of RNA and Northern Blot Analysis 

Total RNA was isolated by guanidinium iso
thiocyanate and cesium chloride gradient 
centrifugation. 10 flg total RNA were separ
ated in a denaturing 1.0% agarose formalde
hyde gel and transferred to a nylon mem
brane. The RNA was fixed to the membrane 
by baking the filter at 120°C for 30 min. Filter 
hybridization was carried out after 2 h of 
prehybridization by addition of the probe 
that was labeled with [a-32P]dCTP (Amer
sham-Buchler, Braunschweig, Germany) by 
random -priming (Stratagene, Heidelberg, 
Germany) or nick translation (Gibco BRL). 
The membranes were hybridized overnight 
at 62°C. After stringent washing the mem
branes were exposed to X-ray films with in
tensifying screens for several days. For the 
detection of the ~-actin housekeeping gene 
the membranes were stripped and rehybri
dized with a hamster ~-actin probe. The 
following probes were used: a 1.7 kb partial 
tie eDNA cloned into the HindIII/SacI site 
of the GEM3Zf( + )-vector (from Dr. K. Ali
talo, Helsinki, Finland). The ~-actin probe 



was a 1.25 kb fragment of the cDNA of the 
hamster ~-actin cloned into the Pst! site of 
pBR322. 

Reverse Transcriptase-Polymerase Chain Reaction 
(RT-PCR) 

Five Ilg total RNA were used for the synthesis 
of first strand cDNA applying a RT pream
plification kit (SuperScript; Gibco BRL). The 
RT was carried out with 50 ng of random 
hexamers in a final volume of 20 III RT buffer 
(containing 20 mM Tris-HCI of pH 8.4,50 
mM KCI, 1.5 mM MgCl2, 0.1 mg/ml bovine 
serum albumin). The mixture was incubated 
at 70°C for 10 min; 200 U of Moloney murine 
leukemia virus RT and 1 III of 10 mM dNTP 
mix were added to the reaction and incubat
ed at 42°C for 50 min. The reaction was 
stopped by heating to 90 °C for 5 min and 
then quickly chilled on ice. After brief cen
trifugation, 2 U of RNase H were added to 
the reaction mixture and incubated for 20 
min at 37°C. 2 III first strand cDNA (corre
sponding to 0.5 Ilg of RNA) were diluted 
with PCR buffer (lOX 500 mM KCI, 15 mM 
MgCl2, 100 mM Tris-HCI pH 8.8,0.8% Non
idet P40) containing 20 pmol of each up
stream and downstream primer, 10 nmol of 
dNTP mix and 1 U of Taq DNA polymerase 
(MBI Fermentas, St. Leon-Rot, Germany) for 
the PCR reaction. To detect the tie mRNA the 
primers used were sense F-TIE (5'
TCGGCTCCTGACCAAGCAGAG-3') (nt 
1395-1415) and antisense R-TIE (5'
AGTCCCGTCAGGAGGGCAGT-3') (nt 1865-
1846). To determine the quality of the RNA, 
the RT reaction and the PCR amplification, 
the following primers were used to amplify 
~-actin: sense F-ACTIN (5'-ATGGATGAT
GATATCGCCGCG-3') and antisense R-AC
TIN (5' -CTAGAAGCATTTGCGGTGGAC-
3'). The PCR reactions were performed with 
a DNA thermal cycler (Perkin Elmer Cetus, 
Heidelberg, Germany) under the following 
conditions: denaturation for 7 min at 95°C; 3 
min at 75 °C and addition of the Taq polyme
rase to perform a hot -start PCR; 2 min at 
60°C and 10 min at 72 °C for one cycle. The 
amplification was carried out for 35 cycles of 
30 sec at 94°C, 30 sec at 60 °C and 60 sec at 
72 °C with 2 sec of extension time per cycle. 

Nine III of the reaction mix were electro
phoresed on an ethidium bromide-stained 
1.3% agarose gel, blotted with 20X SSC onto 
nylon filters (GeneScreen), and hybridized 
with radioactively-labeled probes using 
standard methods. 

Results 

Constitutive Expression oftie mRNA in Leukemia
Lymphoma Cell Lines 

We examined the tie mRNA expression in 69 
human leukemia - or lymphoma -derived cell 
lines using standard Northern blot analysis 
(Table 1). A 4.4 kb mRNA signal (Fig. 1) was 
detected in 23/42 (55%) celllines assigned to 
the myeloid lineages, but in none of the 27 
cell lines derived from lymphoid leukemias 
or lymphomas (4 B-precursor cell leukemia, 
4 B-cellieukemia, 4 B-cell NHL and 2 Burkitt 
lymphoma, 2 myeloma, 4 T -cell leukemia, 5 
Hodgkin and 2 ALCL). The following results 
on the tie mRNA expression of myeloid cell 
lines were seen: 15/20 (75%) megakaryocyt
ic, 5/11 (45%) erythroid, 317 (43%) myelo
cytic, and 0/4 monocytic. In addition, RT
PCR was performed to detect very low level 
expression of tie (Table 1). Here, all myeloid 
cell lines tested (3/3 megakaryocytic, 5/5 
erythroid, and 4/4 myelocytic) were posi
tive; however, a large percentage of lym
phoid lines (7110 B-precursor cell, 7/14 B
cell, 1/5 plasma cell, and 4110 T-cell) also ex
pressed signals (Fig. 2). 

Modulated Expression oftie mRNA in Leukemia Cell 
Lines 

In order to analyze the regulation of tie tran
scription during induced in vitro differenti
ation, six leukemia cell lines were incubated 
with the biomodulators PMA (phorbol es
ter), ATRA (vitamin A-analogue) or TPO 
(cytokine) for up to 96 h (Table 2). A strong 
increase in tie mRNA expression was seen in 
the erythroid K-562 cells and in the myelo
cytic MUTZ-2 cells during treatment with 
PMA. This phorbol ester down-regulated tie 
mRNA expression in the myelocytic TI-1 
and the megakaryocytic M -07 e and M -MOK 
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Table 1. Human tie mRNA expression in leukemia -lymphoma cell tines 

Cell tine Type! tiemRNAb Cellline 
origin" NB PCR 

MEGAKARYOCYTIC CELL: c ALL-l 
CHRF-288-11 AMLM7 + EU-l 
CMK AMLM7 ++ LILA-l 
ELF-153 AMLM7 LK-63 
HIMEG CML NALM-6 
HU-3 AMLM7 +++ TAHR-87 
KH-184 AMLM7 B-CELL: 
M-07e AMLM7 ++ +++ BJAB 
MC-3 CML-BC ++ BONNA-12 
MEG-Ol CML-BC (+) DOHH-2 
MEG-A2 CML-BC ++ EB-l 
MEGAL AMLM7 ++ EHEB 
MKPL-l AMLM7 +++ ESKOL 
M-MOK AMLM7 ++ HBL-l 
MOLM-7 CML-BC (+) HC-l 
NS-MEG CML-BC (+) KARPAS-422 
SAM-l CML-BC (+) MC-1l6 
T-33 CML-BC (+) lE8 
TS9;22 CML-BC BALM-l 
UT-7 AMLM7 (+) DAUDI 
YS9;22 CML-BC + + JVM-2 
ERYTHROID CELL: c KARPAS-353 
AP-2l7 CML-BC (+) MN-60 
F-36EGM AMLM6 + NAMALWA 
F-36P AMLM6 WIEN-133 
HEL AMLM6 ++ +++ PLASMA CELL: 
JK-l CML-BC EJM 
K-562 CML-BC MM-Sl 
KH-88 CML-BC KARPAS-707 
KMOE-2 AMLM6 + +++ L-363 
LAMA-84 CML-BC (+) (+) OPM-2 
OCI-Ml AMLM6 +++ ++ T-CELL: 
TF-l AMLM6 BE-13 
MONOCYTIC CELL: CCRF-CEM 
KBM-3 AMLM4 LOUCY 
MOLM-13 AMLM4 MOLT-16 
THP-l AMLM5 HPB-ALL 
U-937 hist.lymphoma - JURKAT 
MYELOCYTIC CELL: KE-37 
HL-60 AMLM2 + MDS 
KG-l AML ++ +++ P12!ICHIK. 
KG-la AML ++ PF-382 
KOPM-28 CML-BC +++ SKW-3 
KYO-l CML-BC (+) HODGKIN-ALCL: 
MUTZ-2 AMLM2 CO 
TI-l AMLM2 ++ DEL 
B-PRECURSOR CELL: FE-PD 
697 cALL + HDLM-2 
BV-173 CML-BC HD-MY-Z 
HAL-Ol ALL ++ L-428 
LAZ-22l ALL ++ L-540 

Type! 
origin" 

preB-ALL 
ALL 
preB-ALL 
pre B-ALL 
ALL 
AUL 

Burkitt 
HCL 
B-NHL 
Burkitt 
B-CLL 
HCL 
B-NHL 
HCL 
B-NHL 
B-NHL 
B-ALL 
B-ALL 
Burkitt 
B-PLL 
B-ALL 
B-ALL 
Burkitt 
B-ALL 

myeloma 
myeloma 
myeloma 
PCL 
myeloma 

T-ALL 
ALL 
T-ALL 
T-ALL 
T-ALL 
ALL 
ALL 
CMML 
ALL 
ALL 
CLL 

Hodgkin 
ALCL 
ALCL 
Hodgkin 
Hodgkin 
Hodgkin 
Hodgkin 

tiemRNAb 

NB PCR 

+ 
(+) 
(+) 

(+) 

(+) 

+ 
+ 
(+) 

+++ 

(+) 

(+) 

++ 

+ 
++ 
(+) 

+++ 

Abbreviations: ALCL = anaplastic large cell lymphoma; ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia;AUL = acute un
differentiated leukemia; B = B-cell; Burkitt = Burkitt's lymphoma; cALL = common ALL; CLL = chronic lymphocytic leukemia; CML-BC = 
chronic myeloid leukemia in blast crisis; CMML = chronic myelomonocytic leukemia; HCL = hairy cell leukemia; hist.lymphoma = histiocyt
ic lymphoma; Hodgkin = Hodgkin's lymphoma; NHL = Non-Hodgkin's lymphoma; PCL = plasma cell leukemia; PLL = prolymphocytic leuke
mia; pre B = pre B-cell; T = T-cell. 
a Cell lines were assigned to the respective cell type categories based on their origin and their phenotypic and functional characteristics; sub

types are given as indicated in the original publications (for details on cell lines see ref. [14-16]). 
b tie expression was examined by Northern blot (NB) and/or RT-PCR (PCR) analysis; ,negative; (+), barely detectable; + - +++, faint to very 

strong. 
e The differentiation between erythroid and megakaryocytic cell lines is occasionally arbitrary as these lines often share expression of surface 

antigens (e.g. glycophorin A, CD41, CD42, CD61), transcription factors (e.g. GATA-I, NF-E2, SCL) and other parameters (e.g. platelet peroxi
dase,hemoglobin) of both lineages. 
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cell lines. TPO also down-regulated tie 
mRNA levels in M-07e and M-MOK. KG-l 
cells were unresponsive to PMA or ATRA in 
this regard. 

Discussion 

The pattern of tie expression in normal and 
malignant cells indicated that this RTK is in
volved in angiogenesis and hematopoiesis 
[17]. Endothelial cells and hematopoietic 
stem cells are thought to originate from a 
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common precursor cell, the hemangioblast. 
tie does not appear to be absolutely required 
for hematopoietic stem cell function as tar
geted mutations of the gene did not com
pletely abolish hematopoiesis [10, 11, 18]. 
Still, tie-deficient mice died of hemorrhag
ing during their development. 

To identify the nature of tie expression in 
hematopoietic cells, we have determined 
here the specificity and expression pattern 
of the tie gene among the various hemato
poietic cell lineages. A total of 93 cell lines 
derived from the various hematopoietic lin-
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Table 2. Tie mRNA expression in cell lines treated with differentiation-inducing agents 

Cell line Cell type Modulator a Regulation of tie mRNA 
expression b 

K-S62 Erythroid PMA U p-regulation: ---c> ++1+++ 
MUTZ-2 Myelocytic PMA Up-regulation: ---c> ++ 
II-I Myelocytic PMA Down-regulation: ++ ---c> +/(+) 
M-07e Megakaryocytic PMA Down-regulation: ++ ---c> (+) 

TPO Down-regulation: ++ ---c> + 
M-MOK Megakaryocytic PMA Down-regulation: ++ ---c> + 

TPO Down-regulation: ++ ---c> + 
KG-I Myelocytic PMA Unchanged: ++ 

ATRA Unchanged: ++ 

a Cells were exposed for 72-96 h to these reagents at concentrations indicated above. 
b tiemRNA transcripts were visualized by Northern blotting; results are expressed as up- or down-regulation 

of expression in comparison with the untreated control cells;, negative; (+), barely detectable; + - +++, faint 
to very strong. 

eages were screened with a tie cDNA probe. 
Using Northern blotting to detect mRNA ex
pression, none of the 27 lymphoid leukemia 
or lymphoma -derived cell lines that were es
tablished from patients with B-precursor 
cell leukemia, B-cell leukemia, B-cell non
Hodgkin's or Burkitt's lymphoma, myelo
ma, T-cell leukemia, Hodgkin's or anaplas
tic large cell lymphoma expressed tie tran
scripts. On the other hand, 23/42 (55%) of 
the myeloid cell lines investigated displayed 
tie mRNA: 15/20 (75%) megakaryocytic, 
5111 (45%) erythroid, 3/7 (43%) myelocytic 
and 0/4 monocytic cell lines were tie mRNA 
positive. RT-PCR analysis, to also probe for 
very low levels of mRNA expression, detect
ed tie expression in all 12 myeloid cell lines 
and in 19/39 (4S%) lymphoid cell lines. 
These findings confirm and greatly extend 
data reported by others [13,19] who detect
ed tie mRNA transcripts by Northern blot 
analysis in (on aggregate, both previous 
studies taken together) 0/5 T-cell, 0/4 pre 
B-/B-cell, 0/4 myelocytic, 1/2 monocytic, 1/2 
erythroid and 4/4 megakaryocytic leukemia 
cell lines. 

Recently, two groups reported that tie is 
strongly expressed in primitive hemato
poietic cells, namely the CD34 + cells isolated 
from umbilical cord blood and bone mar
row [12, 13]. While up to SO% of the most im
mature hematopoietic stem cell, CD34+ 
CD3S- cells, were tie+, all peripheral blood 
mononuclear cells, thus mature terminal 
cells, were tie-. Surprisingly, some CD34-
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CD 19+ CD20+ B-cells were found to express 
tie [13]. Stem/progenitor cell culture assays 
demonstrated that the tie+ fraction con
tained more primitive cells than the tie
fraction suggesting that tie is expressed 
physiologically in primitive stem cells rather 
than in committed progenitor cells. 

Furthermore, tie+ cells contained more 
granulocyte-macrophage colony-forming 
cells than tie- cells [13], supporting ourfind
ing that tie mRNA was expressed in a signifi
cant percentage of myelocytic leukemia cell 
lines. Under culture conditions allowing for 
myeloid, erythroid and/or megakaryocytic 
differentiation the CD34+ normal cells lost 
tie expression concomitantly with that of 
CD34; also the number of tie+ cells induced 
by TPO to differentiate decreased over the 
treatment period of 10 days. These results 
are in accordance with our experiments in 
which we found down-regulation of tie 
mRNA expression in megakaryocytic or 
myelocytic cell lines induced to differentiate 
by the phorbol ester PMA or the cytokine 
TPO. However, we also observed up-regula
tion of tie mRNA transcription in two cell 
lines which has also been reported by others 
[13, 19].lt has been argued that during meg
akaryocytic differentiation tie mRNA ex
pression can be increased by exposure to 
phorbol esters [12, 13, 19]. Moreover, tie 
seems to be considerably down-regulated in 
normal megakaryocytes in comparison 
with (some) leukemia celllines [12]. Further 
studies are required to establish whether the 



up- or down -regulation of tie mRNA expres
sion correlates with a specific stage of diffe
rentiation and/or a defined cell lineage. 

In summary, the structure of the orphan 
tie RTK indicates that it functions as a recep
tor for a thus far unknown ligand. This fac
tor might physiologically affect myeloid 
proliferation and/or differentiation, in par
ticular differentiation along the megakaryo
cytic-erythroid cell axes. Given its strong 
and widespread expression in myeloid leu
kemia cell lines, an involvement of tie in 
myeloid leukemogenesis is plausible, but 
further experimental evidence is required to 
support this notion. 
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Acute Erythroblastic Leukemia is a Rare, but Distinct Subtytpe 
of Acute Myeloid Leukemia 

M. SAITO, K. KURIYAMA, H. TSUSIMA, Y. MIYAZAKI, and M. TOMONAGA 

Abstract. We described four cases of de novo 
acute leukemia, which were initially diag
nosed as undifferentiated leukemia or AML
MO because of negative myeloperoxidase 
(MPO) activity, absence of B/T lymphoid 
markers and positive myeloid markers 
( CD 13 and/or CD 33). They were finally diag
nosed as acute erythroblastic leukemia by 
the specific reaction to EPO in in vitro cul
tures. The leukemic blasts showed proeryth
roblast-like morphology characterized by 
highly basophilic cytoplasm with some vac
uoles, positive acid phosphatase reaction 
and CD36. In semi-solid cultures of blast 
cells with EPO, all cases showed colony for
mation and we could establish an EPO-de
pendent leukemic cell line from them. These 
cases can be distinguished from AML-MO 
and AML-M6 or erythroleukemia, based on 
some characteristics such as pure popula
tion of erythroid precursor cells and ab
sence of MPO( +) myeloblasts. These cases 
could be categorized as a distinct subtype of 
AML as French Group recently proposed 
this category as M6 variant. This subtype 
seems to belong to refractory AML such as 
AML MO and M6. 

Introduction 

We have experienced four cases of de novo 
acute leukemia, which were initially diag
nosed as AML-MO or acute undifferentiated 
leukemia (AUL) [1], but an erythroid colony 

growth of leukemic origin was observed in 
all cases. The blasts were characterized by 
proerythroblast -like morphology, presence 
of CD36 antigens, negative T/B lymphoid 
markers, and their responsiveness to eryth
ropoietin(EPO). According to these results, 
we concluded that their leukemic blasts were 
erythroid precursors arrested at CFU-E or 
BFU-E level, and not classifiable by FAB cri
teria. Similar cases were previously reported 
as early erythroblastic leukemia or AML-M6 
variant [2-7]. 

Material and Methods 

Four cases are selected from de novo acute 
leukemias for the following reasons: 
1. <3% leukemic cells had myeloperoxidase 

(MPO) activity, 
2. surface T /B markers were not present, and 

CD13 and/ or CD33 were present, 
3. in vitro colony formation in response to 

EPO. 

Smears were stained with May-Grunwald 
Giemsa, myeloperoxidase, alpha-naphthyl 
acetate esterase, alpha-naphthyl butyrate 
esterase, acid phosphatase, and periodic 
acid Schiff. 

Mononuclear cells of the bone marrow 
were separated with Ficol Conray. The sur
face immunophenotype was assessed by 
immunofluorescence with flow cytometer 
(CYTRON ABSOLUTE, Ortho Diagnostic 

Department of Hematology, Atomic Disease Institute, Nagasaki University School of Medicine, Japan 
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System, Tokyo, Japan). Monoclonal anti
bodies (MoAbs) were purchased from mul
tiple commercial sources. The mononuclear 
cells were cultured in Iscove's modified Me
dium supplemented with 20% heat inacti
vated fetal calf serum(FCS) in the presence 
of 2U/ml of EPO and observed the colony 
formation after 2-3 weeks. After washing 
with Iscove's medium, mononuclear cells 
were fixed with diaminobenzidine and em
bedded in Epon. Thin sections were exam
ined with an electron microscope. Cytoge
netic analyses was performed using the G
band method. 

Results 

Clinical and Laboratory Features 

The results are shown in Table 1. All of them 
were male, and above 50 years old. All cases 
had anemia, and the percentage of blasts in 
the peripheral blood was relatively low. 
Many of them showed hypercellular marrow 
and organomegaly. 

Leukemic Cell Morphology and Cytochemistry 

The morphology of leukemic cells is shown 
in Fig. I. The leukemic cells appeared as me
dium to large size (15-30 11m), with an ex
tremely basophilic cytoplasm. A clear zone 
was present as a thin pale crescent near the 
nucleus, and several peroxidase negative 
azurophilic granules or small vacuoles were 
present in the Golgi zone. The nucleus was 
large with one or two nucleoli. Some of them 
showed a proerythroblast-like morphology. 
The myeroperoxidase activity was totally 
negative, but acid phosphatase was positive 
and showed dot-like activity at the Golgi 
area. 

Immunophenotype 

Results of immunophenotyping are shown 
in Table 2. Three of four cases had positive 
myeloid markers(CD13 and/or CD33), and 
two had CD36 antigen(ag). 

Cytogenetics 

Cytogenetic results are shown in Table 3.All 
but one showed abnormal karyotype, and 
the abnormalities are complex and multiple. 

In Vitro Culture of Leukemic Cells 

All cases showed colony formation in EPO
containing semi solid culture, and we could 
establish an EPO-dependent leukemic cell 
line from them. 

Ultrastructural Study 

Ultrastructural studies were performed in 
two cases. Platelet peroxidase-like activity 
and ferritin-containing granules were ob
served in one of them. 

Review of Similar Cases in the Literature 

Sixteen cases of de novo acute erytheoblas
tic leukemias have been previously report
ed. Six were infant (4 Down's syndrome), 
and ten adults. All of adult cases were above 
50 years old, and five of them were above 70 
years old. Morphological and cytochemistli
cal characteristics of blast cells were similar 
to those of our cases. All cases showed nega
tive MPO activity, and 90% showed positive 
acid-phosphatase with a dot-like pattern. 
Immunophenotyping showed more than 
30% had positive myeloid markers (CD13 
and/or CD33) and 90% had positive CD36 
ago In vitro culture was performed in 8 cases, 
and colony formation in the presence of EPO 
was observed in 7 of them, and EPO depen
dent cell line had established in three of 
them. Electron microscopic study was per
formed in 7 cases, and platelet peroxidase 
activity without CD41 ag and/or ferritin 
molecule was present in six. 

Discussion 

Acute erythroblastic leukemia(AEL) or ear
ly erythroblastic leukemia is a rare subtype 
of acute leukemia which were previously 
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Fig.l. The morphologyofleukemic cells (case 1 and case 3) 
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Table 3. Kyryotypic analysis 

Case 1 
Case 2 
Case3 

Case 4 

Karyotype 

46,XY (20) 
Hypote traploid [11/13],46 XY [2/13] 
38-43,XY, 1q+,5p+,6p+, -7, -13, -16, 
19p+, -20, -22,+mar,+mar [cp20] 
43-46,X,-Y, -8,14p+, 15p+, 16q+,-16, 
19p+,21p+, +mar [cp18] 

categorized as AUL or AML-MO. These cases 
are different from AML-M6 or erythroleuke
mia, which consists of morphologicaly iden
tifiable erythloblasts in more than 50% of 
nucleated cells and myeloblasts in more than 
30% of non-erythroid cells. According to im
munophenotyping and colony formation 
with EPO, the blast cells of AEL are likely to 
be erythroid precursors arrested at CFU-E 
or BFU-E level. 

A French group has previously proposed 
the cases of leukemia with a proerythlo
blast-like or undifferentiated morphology 
and HLA-DR( -), CD36 (++), B (-), T( -), mye
loid (+/-) immunophenotype as «AML-M6 
variant" [7]. They and others included sec
ondary leukemia and CML crisis among the 
cases they described. In this report, we de
scribe four cases of de novo AEL, which 
show relatively homogeneous characteris
tics like the cases previously reported as ear
ly erythrolblastic leukemia or FAB-M6 vari
ant. These characteristics are as following: 
(1) morphology of blasts is relatively homo
geneous, showing features of erythroid pre
cursor cells, (2) negative surface T/B anti
gens, and often positive myeloid markers 
(CD13 and/or CD33), (3) many of them are 
positive for CD36 antigens, and some shows 
positive glycophorin A, (4) in vitro colony 
formation in response to EPO, (5) positive 
PPO-like activity without megakaryocytic 
maturation(CD41 negative) and ferritin
containing granules with an electron micro
scope. Further heterogeneity should be 
present in this subtype, depending on the 
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level that the blasts are arrested. Many of the 
cases showed poor prognosis, suggesting 
that the subtype belong to refractory AML. 

We propose acute erythroblastic leuke
mia as a distinct subtype of de novo acute 
myeloid leukemia. 
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Plasma Cell Leukemia in a 7-month-old Infant 

M. ZEGADLO, M MATYSIAK, and M. OCHOCHKA 

Abstract. We report a case of a very rare ma
lignant disease of the haemopoietic system. 
The clinical picture was characterized by 
anaemia, manifestations of haemorrhagic 
diathesis and marked hepatosplenomegaly. 
The child died 9 months after the diagnosis 
from progression of leukemia and haemor
rhage into the central nervous system. 

Introduction 

Plasma cell leukemia is a rare type of malig
nant disease of the haematopoietic system. It 
occasionally occurs in adults and accounts 
for 1.65% of all diagnosed cases of plasma 
cell myeloma [1]. A careful review of the lit
erature did not reveal any reports on this 
type of leukemia in children. Our patient 
was a 7-month-old infant and probably it is 
the first case ever described in the world 
medical literature. We present the case re
port not only because of a particularly rare 
occurrence of the disease, but also because 
of the interesting clinical picture, course of 
the disease and haematological and bio
chemical findings. 

Case Report 

A 7-month -old infant was born on 13 August 
1993; he was a term product of the 4th nor
mal pregnancy and delivery with a birth 
weight of 3300 g and length of 55 cm. He was 

breast-fed until the age of 4 weeks, when he 
was weaned. Until the age of 7 months, the 
child developed properly and was in good 
health. He was subcutaneously vaccinated 
with bacille Calmette-Guerin (BCG), but was 
not given other recommended immuniza
tions because his parents neglected to con
sult a doctor. 

At the age of 7 months, the boy was admit
ted to the Department of Ped. Haematology 
and Oncology, Warsaw University Medical 
School after a 5-day stay in a regional hospi
tal. On admission, he was severely ill and un
conscious. The physical examination re
vealed pallor of the skin, manifestations of 
haemorrhagic diathesis such as subcutane
ous extravasation and the enlarged liver and 
spleen 10 and 8 cm respectively. There was 
no lymphadenopathy. 

The initial examination of the peripheral 
blood revealed the following values: hemo
globine 7 g/dl ,leukocytes 18600 /mm3 and 
blood platelets 56000/mm3 . The peripheral 
blood film demonstrated myelocytes 1 %, 
metamyelocytes 3%, band cells 2%, poly
morphonuclear cells 30%, eosinophils 1 %, 
lymphocytes 37% , monocytes 6% and plas
ma cells 20%. ESR 38 mm/h. CSF NAD. Chest 
X-ray: slight parahilar consolidation on the 
right side, trace pleural effusion bilaterally 
and slight lateral enlargement of the cardiac 
silhouette. Since the diagnosis of leukemia 
was considered, bone marrow aspiration 
was performed which demonstrated uni
form blast proliferation, i.e., plasmablasts 
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and plasma cells with numerous polynucle
ar (3-4 nuclei) cells. Antigen phenotype as
say: CDl9 (-); CD7 (-), single cells (+); HLA
DR (-), single cells (+); CALLA rare cells (+); 
UL38 (Biotest) single cells (:::+:::); LCA 50% 
of cells (+), some cells (:::+:::); IgM single cells 
(+); Lambda numerous cells (:::+:::); Kappa 
single cells (+). Most cells demonstrated 
weak expression of epithelial membrane 
antigen (EMA). Serum M.-component was 
absent and Bence Jones protein was not de
tected in the urine. X-ray of the skull and 
long bones was normal. The remaining find
ings: 

Karyotype 46, XY normal; blood group 0 
Rh (-); HbsAg (-); total protein 5011; albumin 
57%; alpha 1 7.5%; alpha 29.0%; beta 11.3%; 
immunoglobulins: IgG 3.2 g/ 1, IgA 0.58 gIl, 
IgM 0.48 gIl; CMV ELISA total (-) IgM (-); in
direct fluorescent antibody (IFA) reaction 
for toxoplasma gondii (-); complement fixa
tion (CF) reaction for mycoplasma (-); latex 
rheumatoid factor (RF) (-); antinuclear anti
bodies (ANA) (-). Renal function tests were 
normal. Also, iron, total bilirubin, urine, uric 
acid and glucose concentrations remained 
within normal limits. There were increases in 
the levels of aspartate transaminase (AST): 
213 lU 11 (normal value < 40 lUll) and ALT: 
91 lUll (normal value < 40 lUll) as well as el
evated concentrations of cholesterol at 298 
mg/dl and of triglycerides at 433 mg/dl. 

Ultrasonography of the abdominal cavity 
revealed the markedly enlarged liver and 
spleen, which were uniformly echo genic. 
The lymph nodes were not enlarged. 

Plasma cell leukemia was diagnosed on 
the basis of serious general illness, clinical 
picture and bone marrow examination. In
tensive supportive treatment was instituted, 
which consisted of antibiotics (cefotaxime 
and netilmicin) and symptomatic treatment 
for respiratory tract infection. The patient 
was also given blood and blood products. 
The main problem, however, was the selec
tion of cytostatic treatment. After the child's 
general condition had improved, chemo
therapy was started employing the regimen 
used in acute lymphoblastic leukemia (ALL
BFM-86). The boy (10.5 kg b.w.; 0.3 m2 body 
surface area) was given dexametasone iv. 1 
mg/kg/24 h followed by prednisone 2 mg/k§ 
in combination with vincristine 1.5 mglm 
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and daunorubicin 30 mg/m2124 h q.i.d. eve
ry 7 days. At that time, the patient did not 
require blood or blood products. Blood test 
results varied: Hb 8,7-11,2 g/dl; leukocytes 
4300-14500 Imm3• Peripheral blood films 
revealed single plasma cells. 

A bone marrow aspirate after 4 weeks of 
treatment demonstrated slight improve
ment. Plasma cells were found (64%) as well 
as erythroblasts (c. 13%) and granulocytes 
at different stages of developement (c. 23%). 
Response to treatment was also confirmed 
by the peripheral blood film which demon
strated an increase in the Hb concentration 
while plasma cells were absent. 

However, as complete remission had not 
been induced, two-drug therapy, which is 
usually employed in adult patients, was in
troduced (melphalan 0.2 mglkg b.W'/24 h 
and prednisone 2 mglkg b.W'/24 h), admin
istered for 4 days every 4 weeks. After the 
second course the child's general condition 
returned to normal and there was a marked 
decrease in the size of the liver (+ 4 cm) and 
spleen (+ 1 cm) as compared to the findings 
on diagnosis. At that time, no plasma cells 
were found in the peripheral blood. The im
provement lasted for 6 weeks and just before 
the fourth course of chemotherapy the 
patient's general condition deteriorated 
with aggravation of the underlying disease 
(anaemia, thrombocytopenia, plasma cells 
in the peripheral blood, hepato- and sple
nomegaly). From that time on, in spite of 
treatment, the child's general condition con
tinued to deteriorate. The leukemia pro
gressed, complicated by haemorrhage into 
the central nervous system with the result
ing right -sided hemiparesis. As a last resort, 
we instituted another regimen using a com
bination of four drugs (prednisone, cyclo
phosphamide, vincristine and adriamycin) 
given for 5 consecutive days. However, the 
patient did not respond to treatment. 

The patient died in hospital after a nearly 
9-month stay from progression of lekemia 
and multiorgan insufficiency. Postmortem 
examination revealed generalized haemor
rhagic diathesis with intracranial haemor
rhage, bleeding into the gastrointestinal 
tract and peritoneal cavity, and extensive in
volvement of the liver in the course of plas
ma cell leukemia. 



Discussion 

Plasma cells (plasmacytes) are rarely en
countered in the peripheral blood of adults 
and children. They are also absent in the 
bone marrow or their proportion there is 
negligible. In some viral infections, such as 
rubeola, infectious mononucleosis (atypical 
lymphocytes) and measles, plasmacytes are 
present in the peripheral blood as single cells 
, which are a kind of reaction to the infection. 
Plasma cells are more numerous in the pe
ripheral blood and bone marrow of patients 
suffering from connective tissue disease 
(rheumatoid arthritis) and liver cirrhosis. 

Malignant proliferation of plasma cells is 
characterized by increased localized or gen
eralized multiplication of immunocompe
tent cell clones. The most typical and com
mon example of malignant plasma cell pro
liferation is multiple myeloma (plasma cell 
myeloma). Multiple myeloma occurs mostly 
in the elderly and its incidence increases 
with age [2,3,4]. Multiple myeloma accounts 
for ca. 1 % of all tumours and ca. 10% of tu
mours of the haematopoietic system [5]. It is 
characterized by widespread osteolytic skel
etal lesions (long bones, vertebral column, 
skull) , secretion of an M. component and 
Bence Jones proteinuria. Spread to extraos
seous sites (lymph nodes, thorax and na
sopharynx) may occur. Plasma cell myeloma 
is extremely rare in children. In all the world 
literature only a few cases have been report
ed in children and adolescents [6-10]. In all 
of them the diagnosis was confirmed by the 
finding of abnormal proteins. 

In our patient, the pathological line of 
plasma cells was manifested as acute plasma 
cell leukemia with the total involvement of 
the bone marrow as indicated by the initial 
manifestations of anaemia, haemorrhagic 
diathesis, marked hetatosplenomegaly and 
the presence of plasma cells in the peripher
al blood. Bone marrow examination was the 
essential investigation to confirm the diag
nosis ofleukemia; 99% of the cells were plas
macytes in different stages of development, 
ranging from plasmablasts to mature plas
ma cells, often having 3-4 nuclei. Only single 
normal bone marrow cells were found 
among abundant malignant cells. The eryth
roblasts and mature granulocytes accounted 

for ca.4% of all bone marrow cells. No mega
karyocytes were found. 

We did not detect any osteoporotic foci in 
either the long bones or the skull which are 
characteristic of multiple myeloma. Also, in
vestigations for the M protein and Bence 
Jones protein were negative. There were no 
features of renal failure or calciuria.All these 
findings favoured the diagnosis of acute 
plasma cell leukemia rather than plasma cell 
myeloma. 

It should be emphasized that in our pa
tient the disease was associated with severe 
damage to the liver, which was markedly en
larged while the levels of transaminases, 
cholesterol and triglycerides were elevated. 
Postmortem examination revealed exten
sive plasma cell infiltrations which involved 
the whole liver. 

The prognosis had been very unfavour
able since the very beginning. As in adults, 
this form of leukemia is characterized by a 
dramatic course and a fatal outcome. 

The patient responded well to melphalan 
and could be discharged home for a few 
weeks. He died 9 months after admission 
from the progression of leukemia, relapse of 
heamorrhagic diathesis and haemorrhage 
into the central nervous system. 
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Myelodysplastic Syndromes in Children: 
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Abstract. Six children (range of age 6 month 
to 11 years) with diagnosis of myelodyspla
stic syndrom (MDS) based on established 
FAB criteria were observed between 1990 
and 1995. The diagnosis and classification 
of MDS were made on the basis of peri
pheral blood smear and bone marrow ex
amination. Three children were classified 
as refractory anemia (RA), two children as 
anemia with excess of blasts (RAEB) and 
one with RAEB in the phase of transforma
tion (RAEB-t). In the peripheral blood 
smear and in the bone marrow study signi
ficant dyserytropoiesis with some dysmy
elopoietic and dysmegakaryopoietic chan
ges were observed. Cytogenetic study re
vealed karyotype abberrations in two 
children. The transformation to acute my
eloblastic leukemia was observed in all 
children initially classified as RAEB, and 
RAEB-t. All these children had been treated 
according to the protocol BFM 83 and died 
during induction of remission or after a 
short duration of achieved remission. In 
two children with RA progression of the di
sease was not observed during 2 years of 
study. They are still alive and being treated 
symptomatically. We conclude that MDS in 
children are characterized by rapid pro
gression, worse results of treatment and 
shortened life span than the same disease in 
adult. 

Introduction 

Myelodysplastic Syndromes (MDS) are clo
nal disorders of hematopoietic system cha
racterized by irreversible damage of the 
bone marrow stem cells. They cause mor
phological and functional disorders of the 
bone marrow cells which in turn lead to inef
fective hematopoietic function. In 95% of 
cases the presence of hypercellular bone 
marrow as well as cytopenia in the peri
pheral blood were determined [1]. 

In 1982 French/American/British (FAB) 
cooperative group categorized MDS into 
five morphological subtypes: refractory 
anemia (RA), refractory anemia with ringed 
sideroblasts (RARS),refractoryanemia with 
excess of blasts (RAEB), chronic myelomo
nocytic leukemia (CMML), refractoryane
mia with excess of blasts in transformation 
(RAEB-t) [2]. 

Myelodysplastic syndromes can be con
genital or acquired [1]. The latter can be fur
ther divided into primary and secondary. 
Primary myelodysplastic syndromes occur 
most frequently and 90% of them appear af
ter 40 years of age. The frequency of occur
rence of primary myelodysplastic syndro
mes in children below 15 years of age is rare 
and appears in 3.4/1000000 [3]. That is why 
majority of findings on myelodysplastic 
syndromes refers to adults. Studies on MDS 
in children are rare especially with regard to 
their differences in morphological picture 
and clinical course [4]. 

Warsaw Univeristy Medical School, Department of Pediatric Hematology and Oncology, Marszalkowska 24, 
00-579 Warsaw, Poland. 
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Material and Methods 

Six children treated in the Department of 
Pediatric Hematology and Oncology at the 
Medical School of Warsaw in the years 1990-
1996 fulfilled FAB diagnostic criteria for the 
MDS classification. All children had had 
bone marrow aspirates performed and some 
of them trephinel biopsies. Four children 
had chromosome analysis performed by di
rect and short-term culture methods with 
the use of standard techniques. Simulta
neous evaluation of the peripheral blood 
specimens and histopathological examinati
on were performed by the same doctor and 
classified according to FAB criteria. None of 
the six children examined had received che
motherapy or radiotherapy. 

Clinical Evaluation 

The initial data for peripheral blood and the 
preliminary diagnosis as well as the progres
sion of the disease are presented in Table 1. 

Patients 3-6 obtained inductive treatment 
according to BFM 83 protocol for acute my
eloblastic leukemia. No long-term remission 
has been obtained in any of the children and 
all of them died after a few months. Two of 
the children who survived (patient 1 and 2) 
obtained only symptomatic treatment and 
remained in a stable period of the disease for 
1-2 years. 

Morphological Evaluation 

Peripheral blood specimen revealed throm
bocytopenia, anemia and leukopenia. In the 
peripheral blood dysplastic changes refer-

Table 1. Clinical characteristics of MDS patients 

red mainly to granulocytes (lack of cyto
plasmic granules, pseudo Pelger-Huet an
omalies) as well as red cells (anisocytosis of 
red cells) (Fig. I). 

Bone Marrow Aspirate 

In the bone marrow aspirates dysplastic 
changes were observed mainly in the 
erythropoietic colonies (significant megal
oblastic renewal) and also in the myeloid co
lonies as well as megakaryoblasts. 

Blurring of the normal morphological ar
chitecture of the bone marrow (disturbed 
normal distribution of cells in the bone mar
row cavity) was observed in all cases in 
which bone marrow biopsy was performed 
and the so-called ALIP (abnormallocaliza
tion of immature precursors) was deter min -
ed in two children. 

Discussion 

Myelodysplastic syndromes occur rarely in 
children and according to the newest data 
constitute not more than 3% of all cancer di
seases in children [5]. Some studies revealed 
that MDS preceded acute leukemia in 20% of 
children with acute myeloblastic leukemia 
[1]. Due to the fact that more or less intensi
ve dysplastic changes in the bone marrow 
cells occur in the majority of bone marrow 
leukemias it becomes sometimes impossible 
to determine whether an acute proliferation 
of cells was preceded by a myelodysplastic 
syndrome or not. 

In our studies the most frequently occur
ring syndrome was RA and RAEB. RAS and 
CMML/JCML (juvenile chronic myeloge-

Patient Sex Age at Hb WBC Platelets Karyotype FAB Progression 
no. diagnosis 

(years) 
(gIl) (x109/l) (x109/l) diagnosis of the disease 

1. F 5 98 2.9 70 RA 
2. F 11 114 4.4 64 ? RA 
3. F 1/2 48 1.8 15 ? RA AML-M2 
4. M 1 49 20.1 19 del(13)del(5) RAEB-t AML-M6 
5. M 1 91 7.8 38 46XY RAEB AML-M2 
6. M 11 56 1.6 65 16q- RAEB AML-M2 
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no us leukemia) were not observed in the 
study group. The most frequently determi
ned disturbance of the peripheral blood 
were thrombocytopenia as well as displastic 
changes in granulocytes. Displastic changes 
in the bone marrow which were of the cha
racter of the megaloblastic renewal referred 
mainly to the erythropoietic colonies. 

Appearance of ALIP was determined in 
two children and their presence caused 
faster progression of the disease. Cytogene
tic study revealed karyotype abberations in 
two children. 

Transformation of MDS to acute myelo
blastic leukemia appeared in four children 
with the preliminary diagnosis of RAEB, 
RAEB-t and RA. Fast progression (6 months 
from the diagnosis) and resistance to con
ventional treatment were striking. Two 
children with RA remain in the stable stage 
of the disease. In one of them, however, pro
gression of the disease with RA was ob
served after 23 months. 

Myelodysplastic syndromes in children 
constitute a group of diseases which despite 
the undoubtful progress in their diagnosis 
still constitute a therapeutic challenge for 
the doctors [4,5]. 

Our treatment attempts with intensive 
BFM 83 protocol ended in failure. The only 
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effective treatment which can cause a long
term remission would be bone marrow 
transplantation, but none of our patients 
had a familiar compatible donor [5,6]. 
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Abstract. The objective of this study was 
to design DNA probe sets that enable the 
detection of chromosome abnormalities in 
AML by interphase cytogenetics using 
fluorescence in situ hybridization (FISH), 
and to compare the results of interphase 
cytogenetics with those of conventional 
chromosome banding analysis. 170 conse
cutive patients with adult AML entered on 
the German multicenter treatment trial 
AML HD93 were studied with a comp
rehensive set of DNA probes recognizing 
the most relevant AML-associated structu
ral and numerical chromosome aberra
tions: translocations t(8;21), t(15; 17), 
t(11q23), inversion inv(16); chromosomal 
deletions [5q-; 7q-; 9q-; 12p-; 13q-; 17p-; 
20q-]; and numerical chromosome abnor
malities. The incidence of clonal chromo
some aberrations was 51 % (87/170) both by 
banding analysis and by FISH. Interphase 
cytogenetics was more sensitive for det
ecting AML-specific chimeric gene fusions, 
especially inv(l6) and t(8;21) as well as 
some partial trisomies. Interphase cytoge
netics provides a powerful technique com
plementary and, with further development 
of diagnostic DNA probes, even alternative 
to chromosome banding studies for the 
cytogenetic analysis of AML, in particular 
in a reference laboratory for a multicenter 
treatment trial. 

Introduction 

In recent years, a large number of chromoso
me aberrations have been identified in acute 
myeloid leukemia (AML) which are asso
ciated with specific clinical, morphological 
and immunological features [1, 2]. The 
molecular characterization of these aberra
tions has confirmed that genes important in 
cellular proliferation and differentiation are 
affected by these chromosome aberrations 
[3]. Both, retrospective and prospective 
treatment trials showed that these chromo
some aberrations are one of the most impor
tant predictive factors for response rates and 
remission durations. Thus, cytogenetic ana
lysis has become of great importance for the 
management of patients with AML. 

Chromosome banding analyses are still 
the standard method for the identification of 
chromosome aberrations. However, chro
mosome banding studies may be hampered 
by poor chromosome morphology, low pro
liferative activity of the leukemic cells, com
plex karyotypes or reduced cell viability af
ter transport to the reference laboratory. 
More recently, molecular genetic techni
ques, such as Southern blot analysis or re
verse-transcriptase polymerase chain reac
tion (RT -PCR), have been used for the detec
tion of the AML-specific translocations or 
inversions but these techniques are restric
ted to the detection of a few aberrations. 

Fluorescence m situ hybridization 

1 Medizinische Klinik and Poliklinik V, University of Heidelberg, Hospitalstr. 3,69115 Heidelberg, Germany 
2 Organisation Komplexer Genome, Deutsches Krebsforschungszentrum, 1m Neuenheimer Feld 280, 
69120 Heidelberg, Germany 
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(FISH) techniques using genomic DNA 
probes have been increasingly applied for 
the cytogenetic analysis of leukemia [4, 5]. 
In comparison to conventional cytogenetic 
analysis, FISH allows the identification of 
chromosome aberrations in interphase 
cells, referred to as interphase cytogenetics. 
With the developments in the Human Ge
nome Project, a large number of DNA pro
bes have now become available that permit 
hybridization to DNA sequences of diffe
rent complexity. So far, the majority of 
cytogenetic studies using FISH have been 
limited to the detection of chromosome 
aneuploidies using centromere-specific 
DNA probes [4,5]. 

The objective of this study was to design 
DNA probe sets that enable the detection of 
AML-relevant structural and numerical 
chromosome aberrations and to compare 
this interphase cytogenetic approach with 
conventional chromosome banding analysis 
in a large series of consecutive patients with 
adult AML enrolled in the German multi
center treatment trial AML HD93. 

Material and Methods 

Patients 

Between December 1993 and March 1997, 
170 consecutive patients with newly diagno
sedAML were studied by metaphase and in
terphase cytogenetic analysis. All patients 
were entered on the multicenter treatment 
trial AML HD93 in which postremission 
therapy is stratified according to the karyo
type [6].83 patients were male and 87 were 
female. The and 13 patients had secondary 
AML after a primary malignancy. Leuke
mias were classified according to the 
French-American-British (FAB) criteria. G
banding analysis was performed using stan
dard methods and the karyotypes were desi
gnated according to the International Sys
tem for Cytogenetic Nomenclature (ISCN). 

DNA Probes 

Table 1 gives a summary of the DNA-clones 
which were used for the detection of AML-

220 

associated chromosome aberrations by in
terphase cytogenetics. 

Trans/ocations/lnversions: t(8;21). For the 
detection of the t( 8;21) we used a pool of two 
partially overlapping yeast artificial chro
mosome (YAC) clones (464H8 and 72H9), re
cognizing AMLl and AMLl-flanking se
quences at 21q22, and a differently labeled 
PI-phage clone (Pll64) containing the ETO 
gene. Two criteria were required for the iden
tification of the t(8;21) in interphase nuclei: 
(i) splitting of one AMLl YAC signal; and (ii) 
colocalization of one AMLl YAC and one PI 
signal. t(15;17): for the diagnosis of the 
t(15;17) we used YAC 365C12 recognizing the 
PML gene, and a pool of two overlapping cos
mids (RARAcos121 and 124) spanning the 
breakpoint region in the RARA gene. Both 
the YAC and the two cosmids are split by the 
translocation. t(11q23): YAC 13HH4; this 
YAC spans the breakpoint cluster region in 
the MLL gene. Since 11 q23 translocations are 
in some cases associated with interstitial de
letions, we applied a pool of two YACs (785C6 
and 856B9) in parallel, which spans MLL and 
approximately 1.0 Mb of distally flanking se
quences at 11q23. To identify the most fre
quent translocation partner, the AF9 gene in 
the t(9;11), cohybridization was performed 
with two overlapping cosmids (48 and 55), 
recognizing AF9 sequences distally flanking 
the breakpoint. inv(16): YAC 854E2; this clo
ne spans the breakpoint cluster region in the 
MYHll gene at 16p13. The CBF~-MYHll 
gene fusion was shown by cohybridization of 
YAC 854E2 with two cosmids (LA2-2 and 
LA4-1) spanning the breakpoints in the 
CBF~ gene at 16q22. 

Aneuploidies/Deletions. The following mo
nosomies, trisomies and deletions were de
tected by interphase cytogenetics (clone de
signation, chromosomal localization, and 
gene/DNA marker are given in parenthesis): 
±X (A24CH4; Xq28; DXS304); ± Y (yOX-57; 
Yqll); -5/5q- (773D3; 5q31; D5S89; and 
yPR411; 5q33; CSF1R); -7/7q- (HSC7E506; 
7q22; D7S240; and HSC7E124; 7q35; 
D7S688); +8/8q+ (935A12; 8q24; D8S508); 
-9/9q- (253F8; 9q13-21; D9S15); 12p
(964ClO; 12p13; TEL); 13q-/+ 13q (Rb phage 
clones; 13q14; Rb); -17117p- (TP53 cosmid 



Table 1. DNA clones, chromosomal localization and gene/locus for the detection of acute myeloid leukemia-
associated aberrations by interphase cytogenetics 

Aberration DNA-clone 

-S/Sq- yPR411 
773D3 

-7/7q- HSC7ES06 
HSC7E124 

+S/+Sq 93SA12 
t(S;21) 464HS/72H9 pool 

P1164 
-9/9q- 2S3FS 
t(l1q23) 13HH4 

7SSC6/SS6B9 pool 
t(9;11) + 4S/SS cosmid pool 
t(12p 13 )l12p- 964ClO 
13q-/+ 13q RB-1 phage pool 
t(1S;17) 36SC12 

RARAcos1211124 cosmids 
inv(16) SS4E2 

LA2-2/LA4-1 
-17/17p- TPS3 cos mid pool 
-20/20q- SOSCOS 
+21q 464HS/72H9 pool 
+22q D107F9 
-/+Xq A24CH4 
-/+Yq yOX-S7 

pool; 17p13; TP53); -20120q- (808C05; 
20q13; D20S99); +211+21q (464H8/72H9 
pool; 21q22; AMLl); +22/+22q (DI07F9; 
22qll; BCR). 

Preparation of DNA Clones 

Cosmid and PI-phage DNA was prepared 
according to the plasmid MIDI KIT protocol 
(Qiagen, Germany). Human sequences from 
YAC clones were generated by a PCR proto
col using primers directed against Alu-se
quences [7]. The probes were labeled by nick 
translation with biotin-16-dUTP or digoxi
genin-ll-dUTP. 

For interphase cytogenetic analysis me
thanol/acetic acid-fixed cell pellets from 
bone marrow or peripheral blood were used 
[8,9]. Fluorescence signals were enumerated 
in 200-300 interphase nuclei using single or 
dual band-pass filters. Images were captured 
by a cooled charged coupled device (CCD) 
camera (Xillix Technologies Corporation, 
Richmond, Canada). To define the cut-offle
vels for the diagnosis of specific chromoso
me aberrations, hybridization experiments 
for each DNA-probe or probe set were per-

Localization Gene/Locus 

Sq33 CSF1R 
Sq31 DSSS9 
7q22 D7S240 
7q3S D7S6SS 
Sq24 DSSSOS 
21q22 AMLl 
Sq22 ETO 
9q13-21 D9S1S 
11q23 MLL 
11q23 MLL, Thy1 
9p22 AF9 
12p13 TEL 
13q14 RB-1 
1Sq22 PML 
17q21 RARA 
16p13 MYH11 
16q22 CBFB 
17p13 TPS3 
20q13 D20S99 
21q22 AMLl 
22q11 BCR 
Xq2S DXS304 
Yq11 sY73 

formed (i) to blood specimens from 5 pro
bands, and (ii) to 12 leukemic samples which 
on chromosome banding analysis exhibited 
a normal karyotype. The latter experiments 
were done to consider the hybridization 
properties of the test cells. The cut-off level 
was defined by the mean + 3 standard devia
tions (SD). 

Results 

Comparison of Metaphase and Interphase 
Cytogenetic Analysis 

Evaluable metaphase spreads for G-banding 
analysis were obtained in 159 of the 170 
(94%) cases. In contrast, all 170 cases were 
evaluable by interphase cytogenetics. The 
incidence of chromosome aberrations was 
51% (87/170) both by banding analysis and 
by FISH. A comparison of the results be
tween metaphase and interphase analysis 
for specific aberrations is shown in Table 2. 

By interphase cytogenetics, more cases of 
inv(l6), t(8;21), t(llq23), -7/7q-, +8q, + llq, 
+21q, +22q and -Y were detected. These ad
ditional aberrations were identified in cases 
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Table 2. Comparison of metaphase and interphase 
cytogenetic analysis according to specific aberra
tions in 170 consecutive patients with acute myeloid 
leukemia 

inv(l6} 
t(8;21} 
t(l1q23} 
t(15;17} 
-5/5q-
-7/7q-
+8/8q+ 
Pseudo diploid 
Normal 
No evaluable metaphases 

G-Banding FISH 
no. of cases no. of cases 

16 
10 
14 
8 

14 
13 
8 

14 
72 
11 

20 
12 
15 
8 

12 
14 
14 
10 
83 

in which no evaluable metaphase spreads or 
only metaphase chromosomes of poor qua
lity were obtained on G-banding, or in cases 
with very complex karyotypes. In contrast, 
two additional cases of 5q-, three additional 
cases of 9q- and one additional case of 20q
were identified by chromosome banding 
analysis because the DNA probes we used 
obviously do not map to the critical region 
of these deletions. 

Fourteen cases of t(11q23) were detected 
by banding analysis: 8 cases of 
t(9;11)(p21;q23); and one case each of 
t(1;11)(q21;q23), t(lO;11)(p11;q23), and 
t(11;17)(q23;q21).All t(9;11) and the t(1;l1) 
were identified using YAC 13HH4. The 
translocation t(11;17) and t(10;11) were only 
detected when using the YACs 785C6/856B9. 
By FISH, an additional case of an 11q23 
aberration was identified, not by the mecha
nism of translocation but by insertion of 
part of the sequences recognized by YAC 
13HH4 into chromosome 6. Using the YAC 
13HH4 and YACs 785C6/856B9, three signals 
were identified in interphase nuclei; cohy
bridization with a whole chromosome 6 
painting probe showed a clear YAC pool sig
nal on the terminal part of 6q in metaphase 
FISH. All cases of t(15; 17) were detected by 
G-banding analysis and by FISH. 

Eighty-three cases had a normal FISH 
karyotype. In 5 of these cases, clonal 
chromosome aberrations were detected by 
banding analysis: ins(2;3)(p22;q21q26); 
t(6;9)(p23;q34); t(3;8)(q 13.2;q24.1); 
der(13;14)(ql0;qlO); and 48,XX,+2mar.All 5 
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aberrations occurred as single aberrations 
and could not be detected by the DNA probe 
sets selected for this study. 

Seventy-two cases had a normal G-band
ing karyotype. In 3 of these cases, chromo
some aberrations were detected by inter
phase cytogenetics: inv(16), nullisomy Y, 
anddel(12p). 

In 11 cases, no evaluable metaphase cells 
were found on banding analysis. In 6 of these 
cases, chromosome aberrations were detect
ed by interphase cytogenetics, i.e. 2 cases 
with +8q as sole aberration, one case with 
t(8;21), and 3 cases with a complex karyo
type: +8q,+9q,inv(16); +Y,+7q,+l1q,13q-; 
7q-,8q+,llq+,17p-,+21q. 

Discussion 

For the identification of chromosome ab
normalities in AML rapid and sensitive me
thods are needed because molecular based 
classifications and treatment strategies are 
becoming increasingly important [10 J. The 
objective of this study was to establish DNA 
probe sets that allow for a precise molecular 
diagnosis of the AML-specific numerical 
and structural chromosome aberrations by 
interphase cytogenetics. 

Interphase cytogenetics was particularly 
sensitive for the detection of the AML-speci
fic translocations and inversions. Using YAC 
854E2 which was originally isolated for posi
tional cloning of the p-arm breakpoint [11],4 
additional cases of inv(16) were identified by 
FISH. In a recent study of 29 leukemias carry
ing the inv(16), FISH was performed using 
YAC 854E2: all cases of inv( 16) were detected 
using this diagnostic probe [12]. Interphase 
cytogenetics may even be more sensitive 
than RT-PCR in detecting the inv(16), becau
se in recent studies leukemias were identified 
that cytogenetically showed the inv(16) but 
lacked a CBFI3-MYHII fusion transcript de
tectable by the PCR assay [13]. 

By analogy, interphase cytogenetics allo
wed sensitive detection of the t(8;21) and 
t(15;17). Two additional cases of AMLl-ETO 
fusion were only detected by FISH. Retro
spective analysis of one of these cases showed 
that the AMLl-ETO fusion resulted from a 
variant t(8;21) that was not identified by 



banding analysis. In the second case, no eva
luable metaphase cells were available. Using 
RT -PCR,AMLl-ETO fusion transcripts have 
also been identified in leukemias with mor
phologic features characteristic of the 
t(8;21) but without the cytogenetic presence 
of the t( 8;21) [14]. The identification of such 
cases, which presumably result from inter
stitial insertions, by FISH would depend on 
the size of the inserted genomic fragment. 
Such an insertion has recently been shown 
by FISH in a case of micro granular variant of 
acute promyelocytic leukemia, which on 
banding analysis lacked the t( 15; 17) [15]. 

Interphase cytogenetics was also more 
sensitive for the detection of aberrations in
volving chromosome band llq23. One addi
tional case of l1q23 aberration was found by 
FISH resulting from an insertion ins(6;11) 
that could not be detected by chromosome 
banding analysis. When screening for l1q23 
aberrations by FISH it is important to use a 
contig of YAC probes which span approxi
mately 1 Mb of DNA sequences distal to MLL 
since interstitial deletions distal to the 
breakpoint, which may be several hundred 
kilobases in size, have been reported in up to 
30% of the t(llq23) [16].Accordingly, two of 
our cases, a t(11;17) and a t( 10;11), were only 
detected by using the YAC pool 765C6/856B9 
but not by the 300 kb sized YAC 13HH4 alo
ne. Thus, FISH using the l1q23 YAC pool is 
an alternative to chromosome banding ana
lysis for the diagnosis of l1q23 transloca
tions,however,it will not allow for the detec
tion of more subtle rearrangements such as 
the partial MLL gene duplications. In a re
cent series of 93 AMLs exhibiting a normal 
karyotype on banding analysis, 10 (11 %) ca
ses showed MLL rearrangement on Sou
thern blot analysis [17]. All these rearrange
ments resulted from partial MLL duplica
tions as shown by a PCR assay. 

For deletion screening, we chose DNA 
probes that recognize DNA sequences which 
map to the critical regions of the deletions. 
However, the selected probes were not infor
mative in all cases. Three cases of 9q- and 
two cases of 5q aberrations were only dia
gnosed on chromosome banding analysis. 
In the latter two cases, we could show by me
taphase FISH that a translocation break
point had occurred at 5q31. The breakpoints 

in both cases were located between the two 
markers which we used for deletion scree
ning, D5S89 at 5q31 and CSFIR at 5q33. 
Thus, for the diagnosis of both 5q and 9q 
aberrations more informative probes have 
to be selected based on the precise molecu
lar deletion mapping [18]. 

Finally, more cases of trisomy 8q, 11 q, 21 q 
and 22q were detected by FISH. These aber
rations were either identified in cases with
out evaluable metaphases on banding analy
sis or in cases where partial trisomies were 
presumably masked by complex karyotypes. 

The DNA probe-sets selected in our study 
identify specific targeted chromosome regi
ons and therefore will not detect all possible 
chromosome aberrations due to the mole
cular heterogeneity of AML.Accordingly, the 
aberrations identified by banding analysis 
could not be detected by FISH in 5 cases. Ne
vertheless, our study demonstrates the po
wer of interphase cytogenetics for detecting 
the most important chromosome aberrati
ons in AML. Interphase cytogenetics proved 
to be more sensitive for detecting AML-spe
cific translocations and inversion and provi
ded a technique for the detection of chromo
some aberrations in 6 of 11 cases where no 
evaluable metaphases were found on band
ing analysis. Furthermore, these DNA probe 
sets are currently being tested for the moni
toring of residual disease. Compared to 
PCR-based tests, FISH is less sensitive, 
however, it allows the quantification of cells 
carrying the aberration and the detection of 
chromosome abnormalities for which no 
PCR assays are available. 
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Routinely Prepared Cells for Cytogenetic Analysis Stored at -20°C 
for Several Years can be Used for RT -PCR-Based Detection of 
Chromosomal Aberrations in Leukemias 
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Abstract. Reverse transcriptase polymerase 
chain reaction (RT-PCR) is a well estab
lished method to detect chromosomal ab
normalities in hematological malignancies. 
Because RT-PCR requires RNA of high qual
ity, freshly obtained cells must be processed 
immediately or have to be frozen in liquid 
nitrogen or at -80°C to prevent RNA degra
dation. However, in many cases no material 
has been stored for RNA extraction. There
fore, it would be of great advantage, if RT
PCR could be applicable to methanol/acetic 
acid fixed material, stored in many cytoge
netic laboratories. We have applied RT-PCR 
to methanol/acetic acid fixed cells from 28 
patients with acute and chronic leukemias. 
Cytogenetically prepared bone marrow cells 
had been stored frozen in methanol/acetic 
acid for up to 5 years. RNA was extracted by a 
modified guanidinium thiocyanate phe
nol/chloroform protocol without prior ma
nipulation of the cells. The patients had the 
following diagnosis: 23 patients (pts.) suf
fered from acute leukemia including 3 pts. 
with t(4;11), 9 pts. with t(8;21), 5 pts. with 
t(15;17) and 6 pts. with inv(16). Five pts. suf
fered from chronic myelogenous leukemia 
(CML) with t(9;22). RT-PCR was performed 
for the intact cABL gene to verify the inte
grity of the RNA and for the respective fu
sion gene using a nested or semi-nested 
primer system. In all cases the intact cABL 
transcript was amplified. In 3/3 cases with 
t(4;11),8/9 cases with t(8;21), 3/5 cases with 

t(15;17), 6/6 cases with inv(16) and 3/5 cases 
with t(9;22) the specific fusion genes could 
be detected (82.1%). Our results demon
strate that routinely stored cells in cytoge
netic laboratories can be a useful source for 
RT -PCR based detection of chromosomal 
aberrations in many cases. 

Introduction 

For the most common chromosomal abnor
malities in acute myeloid leukemia (AML), 
the t(8;21) [1-4], the t(15;17) [5,6], and the 
inv(16) [7,8] PCR tests are available. The PCR 
based identification of the t( 4; 11) in acute 
lymphocytic leukemia (ALL) [9] and of the 
t(9;22) in Philadelphia (Ph)-positive ALL 
and in CML is also well established [10-12]. 
The detection of these chromosomal abnor
malities is based on RNA analysis by RT
PCR, revealing a specific mRNA fusion tran
script. Generally, cells have to be frozen at 
-80°C or in liquid nitrogen within 24-48 h to 
obtain good quality RNA. Previously, we 
demonstrated that RNA for RT -PCR analysis 
can also be obtained from air-dried bone 
marrow smears [13]. Other authors showed 
that RNA for the RT-PCR based amplifica
tion of the BCR/ ABL transcript can be ob
tained from bone marrow cells prepared for 
cytogenetic analysis and stored at -20°C [14]. 

In the present study we have applied RT
PCR based detection of the most common 
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chromosomal abnormalities in acute leuk
emias and in CML to methanol!acetic acid 
fixed bone marrow aspirates from 28 
patients. Cells were routinely stored at -20 °C 
for up to 5 years. The use of this source 
gives the opportunity to perform RT-PCR 
at the time of the diagnosis in cases where 
cells have not been prepared for RNA extrac
tion. 

Material and Methods 

Patients and Cytogenetics 

Bone marrow samples were collected at di
agnosis for cytogenetic analysis and chro
mosome karyotyping was performed by 
routine methods. The samples included 
nine cases ofAML M2 with t(8;21), five cases 
of AML M3 with t(15;17), six cases of AML 
M4Eo with inv(16), three cases of ALL with 
t(4;11) and five cases of CML with t(9;22). 
Cells were stored at -20°C in methanol! 
glacial acetic acid (3:1 v/v) according to 
standard procedures for up to 5 years before 
thawing for the RNA-extraction for RT
PCR. 

RT-PCR 

Fifty to 500 fil of the methanol!acetic acid 
cell-suspension was isolated by a brief cen
trifugation-step. The RNA was extracted 
from the cell fraction with a buffer contain
ing guanidinium thiocyanate and phenol 
(RNAzol, WAK-Chemie, Germany) followed 
by chloroform purification [13, 15]. The 
RNA-pellet was precipitated once in iso
propanolol and a second time in ethanol and 
afterwards dissolved in 15 III DEPC treated 
water. The first-strand cDNA synthesis was 
carried out with 7111 of the RNA solution and 
AMV-reverse transcriptase (cDNA-Kit Ser
va) for 45 min. at 42°C using random prim
ers in a total reaction volume of 15 Ill. For 
each PCR amplification 1 III of the cDNA 
product was used. Every test was carried out 
with one primer pair for the cABL gene as a 
control that RNA has been extracted. A sec
ond primer pair was used to detect the spe
cific fusion transcript: the BCR-ABL fusion 
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transcript for t(9;22) [10], the PML-RARa 
fusion transcript for t(15;17) (5), the AML
ETO fusion transcript for t(8;21) [1,3], the 
CBFI3-MYHll fusion transcript for inv(16) 
[7] and the MLL-AF4 fusion transcript for 
t(4;11) [9]. PCR was performed with Gold
star-polymerase (Eurogentec, Seraing, Bel
gium) in a total reaction volume of 13 III at 
standard conditions with an annealing tem
perature between 50 and 60°C, depending 
on the primers used (Thermocycler 9200, 
Perkin Elmer, Foster, City, CA). The PCR 
product was diluted 1 : 100 and 1 III of this 
solution was used for a second step of am
plification with a second set of primers. The 
PCR products were run on a 1.5% agarose 
gel, stained with ethidium bromide and vi
sualised under UV-light. All samples were 
investigated twice and numerous precau
tions were made to avoid cross contamina
tions. 

Results 

We studied a total of 28 archival cell samples 
stored frozen at -20°C in methanol! acetic 
acid. The time of storage ranged from 3 to 46 
months. As illustrated in Table 1, the extrac
tion of intact mRNA was successful in all 28 
samples yielding the correct amplification 
product of the cABL mRNA. Twenty of these 
samples showed the amplification product 
of the cABL gene in the first round of am
plification (71 %). 

The specific mRNA fusion transcript for 
each chromosomal abnormality was ampli
fied in 3 out of 3 cases with t( 4; 11), in 8 out of 
9 cases with t(8;21), in 3 out of 5 cases with 
t(15;17), in 6 out of 6 cases with inv(16) and 
in 3 out of 5 cases with t(9;22) (82.1 % of the 
total number of samples). The sizes of the 
amplification products corresponded to the 
expected sizes deduced from mRNA se
quences and primer locations for each fu
sion gene and were in accordance with the 
cytogenetic findings (see Table 1). 

Discussion 

The aim of the present study was to deter
mine, whether routinely stored cells in cy-



Table 1. Diagnosis according to the FAB classification, the cytogenetic and the PCR results for each patient. 
PCR results are indicated as (+) for positive and (-) for negative. The symbols before and after the slash cor
respond with the first PCR step or the second PCR step, respectively. 

Patient Diagnosis Cytogenetic 
no. analysis 

1 ALL t(4;11) 
2 ALL t(4;11) 
3 ALL t(4;11) 
4 CML t(9;22) 
5 CML t(9;22) 
6 CML t(9;22) 
7 CML t(9;22) 
8 CML t(9;22) 
9 AMLM2 t(8;21) 

10 AMLM2 t(8;21) 
11 AMLM2 t(8;21) 
12 AMLM2 t(8;21) 
13 AMLM2 t(8;21) 
14 AMLM2 t(8;21) 
15 AMLM2 t(8;21) 
16 AMLM2 t(8;21) 
17 AMLM2 t(8;21) 
18 AMLM4Eo inv(16) 
19 AMLM4Eo inv(16) 
20 AMLM4Eo inv(16) 
21 AMLM4Eo inv(16) 
22 AMLM4Eo inv(16) 
23 AMLM4Eo inv(16) 
24 AMLM3 t(15;17) 
25 AMLM3 t(15;17) 
26 AMLM3 t(15;17) 
27 AMLM3 t(15;17) 
28 AMLM3 t(15;17) 

togenetic laboratories could be used for RT
PCR based molecular studies. In all of the 28 
investigated cases the extraction of mRNA 
was successful. The presence of the cABL 
gene product in the first round of amplifica
tion, as it is usually seen when fresh materi
al is used, was observed in a considerable 
number of cases and indicates a good qual
ity of RNA. A brief washing step of the 
stored cells with phosphate-buffered saline 
(PBS), as it is usually processed with freshly 
aspirated marrow cells, significantly de
creased the RNA yield (data not shown). 
The methanol/acetic acid fixed cells were 
therefore used without prior manipulation 
in our routinely applied protocol for the ex
traction of RNA from bone marrow smears 
[ 13]. 

Furthermore, we could demonstrate that 
the specific fusion transcripts of the most 
common chromosomal aberrations in 
acute leukemias can be detected by RT -PCR 

RT-PCR RT-PCR Molecular 
(cABL) (specific fusion rearrangement 

transcript) 

+/+ -/+ MLL-AF4 
+/+ +/+ MLL-AF4 
-/+ -/+ MLL-AF4 
-/+ -/+ BCR-ABL 
-/+ -/+ BCR-ABL 
-/+ -/- BCR-ABL 
-/+ -/- BCR-ABL 
+/+ +/+ BCR-ABL 
+/+ +/+ AML-ETO 
+/+ -/ - AML-ETO 
+/+ -/+ AML-ETO 
+/+ +/+ AML-ETO 
+/+ +/+ AML-ETO 
+/+ +/+ AML-ETO 
+/+ +/+ AML-ETO 
-/+ -/+ AML-ETO 
+/+ -/+ AML-ETO 
+/+ +/+ CBFB-MYH11 
+/+ -/+ CBFB-MYH11 
+/+ -/+ CBFB-MYH11 
+/+ +/+ CBFB-MYH11 
+/+ +/+ CBFB-MYH11 
-/+ -/+ CBFB-MYHlI 
+/+ -/ - PML-RARA 
+/+ -/- PML-RARA 
-/+ -/+ PML-RARA 
+/+ +/+ PML-RARA 
+/+ -/+ PML-RARA 

analysis in the majority of cases. The fact 
that amplification has failed in some sam
ples might be due to the small amount of 
material or degradation of RNA in these 
samples. 

According to our results, the application 
of stored cytogenetic cells might gain fur
ther importance for retrospective studies, 
but it is important to be aware that cross 
contaminations might give false positive 
results due to the handling of the speci
mens in cytogenetic laboratories. Further 
investigations to clarify this problem are in 
progress. 

In conclusion, fusion genes can be detect
ed with a high sensitivity when metha
nol/acetic acid fixed samples were analysed 
after up to 5 years of storage. The use of this 
method could increase the precision in 
identifying the genetic changes in the ma
lignant cells in large amounts of archival 
material. 
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RT-PCR-Based Detection ofTEUAML 1 Fusion Transcript in Childhood 
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Abstract. Chromosomal translocations in
volving chromosome 12p are rarely detected 
by conventional cytogenetic analysis in pa
tients with acute lymphoblastic leukemia 
(ALL). Recently, fluorescence in situ hybrid
ization (FISH) and molecular methods re
vealed that the t{12;21){p13;q22) transloca
tion is the most common genetic aberration 
in pediatric ALL. We established a reverse 
transcriptase-polymerase chain reaction 
(RT-PCR) protocol for the detection of 
TELl AMLl fusion mRNA resulting from 
this translocation. We analyzed bone mar
rowand/or peripheral blood from 54 pediat
ric patients with B-lineage ALL at diagnosis 
or relapse (pre-pre-B, n=3; common ALL, 
n=32; pre-B, n=18; B, n=l). Cytogenetic 
analyses did not reveal the t{12;21){p 13;q22) 
translocation in any of the patients. Patients 
with T-cell immunophenotype and those 
with RT -PCR proven hybrid genes BCR/ ABL 
and MLLI AF4 were excluded. For the detec
tion of TEL/ AMLl fusion transcript, we per
formed two-round RT -PCR using primers in 
exon 5 of the TEL gene and exon 3 of the 
AMLl gene. Two different PCR products 
were identifiable - either a 464 or 425-bp 
product in the first round, thus implying the 
presence or absence of the 39-bp-long exon 
2 of the AMLl gene. The one step amplifica
tion of ABL exon a2/a3 was used as a quality 
control. Out of 32 patients with common 
ALL, 12 were positive for TELlAMLl rear
rangement (34.4%). In addition, we identi-

fied this genetic lesion in 4 out of 18 (22.2%) 
pre-B ALL patients. All pre-pre-B and B-cell 
leukemic samples were negative. We con
clude that TELlAMLl fusion can be demon
strated in one fourth of the children with a B 
lineage ALL and is associated with CD 10+ 
immunophenotype. The high frequency of 
the t{12;21) provides a new tool for the study 
of minimal residual disease. 

Introduction 

Non-random chromosomal translocations 
are generally thought to be stable markers of 
leukemic cells. The most commonly tested 
translocations in pediatric ALL, t{9;22), 
t{1;19) and t{4;11),have each been shown to 
define a subgroup of patients with distinct 
clinical features_ Patients whose leukemic 
blasts carry the t{9;22) or t{4;11) respond 
poorly to therapy, with long-term event-free 
survival ranging only from 10 to 30% [1,2]_ 
Moreover, RT -PCR based methods for detec
tion of these translocations provide us a 
very convenient and powerful tool for moni
toring of minimal residual disease (MRD). 
However, all these translocations are detect
ed in less than 15% of pediatric cases [3].The 
recurrent t{12;21){p12;q22) translocation 
has recently been recognized as the most 
frequent chromosomal aberration in child
hood ALL (4,5) despite its apparent rarity 
shown by routine karyotypic analysis. The 

1 Division of Hematology, 2nd Department of Pediatrics 
2 Department ofImmunology 
3 Department of Pediatric Oncology, Charles University, Praha, Czech Republic 
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frequency of the t( 12;21) in B-cell precursor 
ALL (BCP-ALL), estimated by FISH and/or 
RT -PCR and published in current literature, 
ranges from 16 to 28% [4-7]. The t(12;21) 
fuses the helix-loop-helix (HLH) domain of 
the TEL gene to the DNA-binding and trans
activation domains of AMLl [8, 9]. Both 
these genes have been previously shown to 
be independently involved in myeloid ma
lignant proliferation and in physiologic reg
ulation of cell development [10, 11]. 

In this chapter, we evaluated the frequen
cy of TELl AMLl fusion gene in childhood 
BCP-ALL in the Czech population and as
sessed the use ofTELIAMLl RT-PCR detec
tion for the MRD monitoring. 

Material and Methods 

Patients 

Cryopreserved bone marrow (BM) and/or 
peripheral blood (PB) samples were avail
able for 54 children aged 2 to 15.5 years. All 
children with newly diagnosed ALL (n=49) 
were treated according to ALL BFM (Ber
lin-Frankfurt-Miinster) 90 or 95 protocols, 
relapsed patients (n=5) on ALL REZ 90 pro
tocol in one of the Czech Childhood Leuk
emia Working Group centers. 

Immunological Analysis 

Flow Cytometry 
The immunological analysis was performed 
in the center where the diagnosis was estab
lished (seven different laboratories within 
the Czech Republic). Fresh BM specimens 
were stained using directly labeled mono
clonal antibodies. Red blood cells were sub
sequently lysed, the cell suspension was 
washed and analyzed by flow cytometry. 
Intracellular staining was performed ac
cording to manufacturer's recommendation 
using the Fix and Perm Kit (An der Grub). 

Immunophenotype Classification 
Leukemic blasts were classified as pre-pre-B 
(CDlO-, 19+,cIgM-,sIg-),cALL (CDlO+, 19+, 
cIgM-, sIg-) or pre-B (CDlO+, 19+, cIgM+, 
sIg-). Patients with sIg+ were classified as 
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mature B-cell ALL. In several patients, cIgM 
was not assessed; these children were classi
fied according to presence or absence of other 
B-lineage differentiation specific antigens. 

RT -PCR Amplification 

Total RNA was extracted from cryopre
served BM or PB cells using modified meth
od described by Chomczynski and Sacchi 
[12]. The integrity and quantity of extracted 
RNA was controlled on ethidium bromide 
stained 1% non-denaturating agarose gel. 
Complementary DNA was prepared using 
MMLV Reverse Transcriptase (Gibco BRL) 
under conditions recommended by the 
manufacturer. The one step amplification of 
ABL exons a2/a3 was used as a quality test. 
The sequences of these primers were: A2 -
5' - TTCAGCGGCCAGTAGCAT CTGACTT -
3' and A3 - 5'- TGTGATTATAGCCTAA
GACCCGGAGCTTTT- 3'. For the detection 
of TELl AMLl transcript, primers used in 
the first amplification step were: TL667 - 5'
GCTGAGAGAGCTCAGGGACC -3' and 
AMI 130 5' - ATCTTGCCTGGGCTCAGCGC-
3'. PCR products from the first round were 
then 100x diluted and subsequently used in 
the second step amplification with primers 
TL841 5' - ATCATGCACCCTCTGATCC -3' 
and AM1109 5'- GTGGAAGGCGGCGT 
GAAGC -3'. The amplification profile on a 
DNA thermal cycler (Perkin Elmer 
9600/2400) was as follows: denaturation at 
94.5 °C for 5 min, then 40 cycles of 30 s at 
94°C, 20 s at 63°C, 60 s at 72 °C, with a 
10-min final extension at 72 °C [13]. 

Sequencing ofRT-PCR Products 

RT-PCR products were directly sequenced 
using Silver Sequence DNA Sequencing 
System kit (Promega). Sequencing primer 
was AMI 109. 

Dilution Experiments and Minimal Residual 
Disease Detection 

To assess the sensitivity of the RT -PCR, cells 
from diagnosis samples lyzed in guanidin-



ium thiocyanate were serially diluted in cell 
lysates from healthy volunteer donors. Total 
RNA was extracted and then subjected to 
RT-PCR as described above. Complete re
mission samples were analyzed at least twice. 

Statistical Aanalysis 

The distribution of clinical and biological 
features for patients with or without expres
sion of the TELl AMLl chimeric transcript 
were compared by unpaired t-test. 

Results 

RT-PCR Detection ofTEUAML 1 Chimeric Transcript 

We excluded all patients with previously de
tected BCR/ ABL and MLLI AF4 rearrange
ments and children with T-lineage pheno
type. In the remaining cohort of 54 B-lineage 
ALL patients, RT -PCR analysis revealed 
TELlAMLl fusion transcripts in 15 patients 
(27.8%). One TELlAMLl positive and 4 neg
ative patients were analyzed at relapse and 
the first diagnosis samples suitable for RT
PCR detection were not available. In all but 1 
patient we found identical PCR product of 
464 bp, representing fusion of TEL exon 5 to 
AMLl exon 2. The remaining 1 sample ex
hibited the 425-bp fragment, representing 

TEL exon 5 and AMLl exon 3 fusion. In the 
vast majority of cases expressing 464 bp 
product, we were repeatedly able to amplify 
less abundant 425 bp fragment, representing 
an alternative splicing variant (Fig. l). The 
specificity of the RT -PCR products was con
firmed by direct sequencing. 

Biological and Clinical Characteristics of the Patients 

In the group ofTELI AMLl positive patients, 
11 children were classified as cALL and 4 as 
pre-B ALL (Table 1). None patient was classi
fied as pre-pre-B ALL. Three children from 
the negative group were classified as pre
pre-B, 21 as cALL, 14 as pre-B ALL and 1 as 
mature B-cell ALL. The patient with mature 
B-cell and children analyzed only at relapse 
were excluded from the comparison of clini
cal and biological features. 

There were no statistically significant 
findings with respect to the sex, age, white 
blood cell (WBC) count and response to 
Prednison among TEL/AMLl positive chil
dren as compared with negative childhood 
BCP-ALL. However, comparison of the dis
tribution of favorable presenting features 
showed a trend towards younger age (p = 
0.065), lower leukocyte counts (p = 0.077) 
and better response to Prednison (p = 0.16) 
in patients with the fusion transcript. Since 
no fresh patient of both groups has relapsed 

Table 1. Biological and clinical features of the TELl AMLl positive ALL children at presentation 

No. CD19 CD 10 CD20 cIgM sIgM Ageatdg WBC Sex PR follow up 
(years) xl09!1 (months) 

1 + + + 4.5 0.8 M + 19 
2 + + 4 49.9 F + 18 
3 + + + 4 7.7 F + 17 
4 + + ND 12 1.4 F + 17 
5 + + 3.5 4.4 F + 15.5 
6 + + + 4 0.7 M + 12 
7 + + ND ND 6 5.2 M + 11 
8 + ND 4 8.2 F + 9.5 
9 + + 4.5 10.0 F + 9 
10 + + ND 8 0.7 F + 9 
11 + + + ND 3.5 23.7 F + 6 
12 + + + 3.5 8.5 F + 5.5 
13 + + ND ND ND 3.5 5.4 F + 4 
14 + + ND + 4.5 11.9 M + 0.5 
IS' + + ND 8.0 M 16 

, Patient examined at relapse; ND - not done; PR - Prednison response; WBC - white blood cell count at 
diagnosis 
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2 3 4 5 6 7 

• 464bp 
• 425bp 

• 269bp 

• 230bp 

Fig. 1. Agarose gel electrophoresis of TELl AMLl RT -peR products. Lane 1 Patient no. 13 expressing fusion 
transcript lacking 39 bp exon 2 of AMLl (1 st round amplification product); lane 2 patient no. 12 at diagnosis 
(lst round amplification product); lane 3 patient no. 12 at the end of induction (lst round amplification 
product); lane 4 patient no. 13 (2nd round amplification product); lane 5 patient no. 12 (2nd round amplifi
cation product); lane 6 patient no 12 at the end of induction (2nd round amplification product); lane 7 nega
tive control- no cDNA added (2nd round amplification product) 

till now (with follow-up ranging from 0.5 to 
19 months), we have found no difference in 
disease-free survival between TELl AMLl
positive and t negative children. 

Detection of MRD 

Limiting dilution experiments revealed, that 
two-round RT-PCR approach allowed us to 
detect TELl AMLl transcript up to a dilution 
of 10.5• 

Of the 15 TELIAMLl positive cases, BM 
samples at remission were available in three 
cases (nos. 12, 13 and 15). Two newly diag
nosed patients out of these three expressed 
detectable, but low levels TELIAMLl tran
script at the end of induction therapy (Fig. 
1). One of them (no. 12), became negative 5 
months after diagnosis, before starting ALL 
BFM 95 Protocol II. Patient no. 15 underwent 
the allogeneic bone marrow transplantation 
in the second complete remission and had 
two negative results over 10- and 12-month 
followup, respectively. 

Discussion 

In the present study, we used RT -PCR for the 
detection of TELl AML 1 chimeric transcript 
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in 54 children with B-lineage ALL. We con
firmed previous observations demonstrat
ing that TELl AMLl fusion is the most fre
quent genetic abnormality in childhood 
ALL. The overall frequency of 27.8% in cases 
of B-lineage ALL is similar to 28% in the re
trospective study performed by Harbott et 
al. [14], 22% reported by Romana et al. [4], 
28% found by Shurtleff et al. [5] and 23% in 
the work of Cayuela et al. [6]. Lower frequen
cies were found in studies analyzing the 
Chinese and Japanese populations - 19 and 
16%, respectively [7, 13]. Our study also con
firmed variant forms of TELIAMLl tran
scripts - one patient out of 15 exhibited only 
the transcript representing a fusion between 
exon 5 of TEL gene and exon 3 of AMLl 
gene. All other patients displayed, except for 
this variant, a major fragment representing 
TEL exon 5 and AML 1 exon 2 fusion [4, 13]. 

Although it was not definitively proven, 
TELl AMLl positive patients are likely to 
represent a homogenous subset of B-lineage 
ALL with a favorable prognosis [5, 7, 14]. 
Our data, limited both in the number of the 
patients and the length of followup, did not 
allow us to establish the independent pro
gnostic implication of this abnormality. 
However, a trend toward younger presenting 
age, lower leukocyte count at diagnosis and 
better response to Prednison seems to pre-



dict better-than-average outcome for the pa
tients with TELl AMLl chimeric transcript. 
A longer followup and larger size of the pa
tient group may clarify whether TELl AML 1 
positive cases really overcome the disease. 

Among the methods for detection of 
MRD, RT-PCR based approaches are the 
most accurate and sensitive [15]. Unfortu
nately, their use in pediatric B-lineage ALL 
was till now limited by the low frequency of 
the most common targets, the fusion genes 
BCR/ABL,E2A/PBXI andMLLlAF4 [3]. The 
high prevalence of TELl AMLl chimeric 
gene will simplify the strategy in MRD eval
uation in childhood ALL. Our data suggest 
that the two-round RT-PCR detection of 
TELl AMLl mRNA is a reliable tool for MRD 
detection with adequate sensitivity and 
specificity. 
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Abstract. The recurrent (12j21) (p 13jq22) 
translocation fuses the two genes TEL and 
AMLl that have previously been cloned 
from translocation breakpoints in myeloid 
leukemias. Using mainly reverse transcrip
tase-polymerase chain reaction (RT-PCR), 
the TEL-AMLl chimeric transcript has 
been observed in 22-27% of pediatric pa
tients with acute lymphoblastic leukemia 
(ALL), in particular in the early B-lineage 
ALL subtype, making it the most common 
genetic lesion in these patients. The vast 
majority of acute myeloid leukemias, other 
ALL subtypes and even adults with early B
lineage ALL were TEL-AMLl-negative. We 
determined whether the TEL-AMLl fusion 
gene can also be observed in leukemia cell 
lines with an early B-lineage phenotype. 
Twenty-nine cell lines established from 
children (n = 13) or adults (n = 13) with ear
ly B-lineage ALL and five cell lines derived 
from chronic myeloid leukemia in blast cri
sis or B-cell non-Hodgkin's lymphoma were 
investigated for the occurrence of the TEL
AMLl rearrangement by RT-PCR. While all 
13 adult early B-lineage ALL cell lines and 
the five cell lines from other leukemias or 
lymphomas were negative, 1/13 pediatric 
cell lines (cell line REH) was found to be 
positive for TEL-AMLl; though neither re
ciprocal AMLl-TEL, nor normal TEL, 
mRNA was detectible by RT -PCR in this cell 
line. These findings agreed with the results 

of conventional cytogenetic and FISH anal
ysis of REH which carries the der(21) part
ner only of t(12j21)(p13jq22), probably re
sulting from a complex translocation, 
t(4jI2j21jI6) (q32jpI3jq22jq24.3). Hybrid
ization with flanking cosmid clones, cover
ing exons 1 and 8 respectively of TEL, con
firmed a rearrangement accompanying the 
t( 12j21), and showed cryptic deletion of the 
residual allele resulting from an apparently 
reciprocal t(SjI2)(q31jp13). These findings 
in REH provide a further example of, and 
possible cytogenetic mechanism for, the 
paradigm of TEL-AML1 fusion accompa
nied by deletion of the residual TEL allele. 
The low rate of early B-lineage ALL cell lines 
carrying this translocation contrasts clearly 
with the relative high frequency of TEL
AMLl-positive cases in primary material. It 
is possible that expression of the fusion 
product hampers the in vitro growth and 
establishment in culture of such leukemic 
cells. The cell line REH represents a useful 
tool for the further molecular characteriza
tion of this unique breakpoint and can serve 
as a positive control in routine PCR reac
tions. 

Introduction 

Acquired chromosomal translocations have 
long been recognized in association with de-

1 German Collection of Microorganisms & Cell Cultures, Braunschweig, Germany 
2 Children's Hospital and Dana-Farber Cancer Institute, Boston, MA, USA 
3 Justus Liebig University of Giessen, Division of Pediatrics, Giessen, Germany 
4 Institute of Human Genetics, University of Heidelberg, Germany 
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fined subtypes of leukemias [1]. Identifica
tion of these chromosomal abnormalities 
has aided in characterizing patient sub
groups with specific clinical features and 
prognosis. Additionally, cloning of the genes 
involved in these translocations has provid
ed important insights into the mechanisms 
of leukemogenesis and has allowed for the 
development of molecular approaches for 
diagnostic procedures and for monitoring 
impending relapse. 

The most common translocations in pedi
atric acute lymphoblastic leukemia (ALL), 
t(1;19), t{4;11), and t{9;22), have each been 
shown to identify subgroups of patients with 
distinct clinical features; however, overall 
these translocations are detected in less than 
15% of patients [2]. While some patients 
might have either normal karyotypes, non
recurrent structural abnormalities or rare 
recurrent translocations, some of these latter 
cytogenetic lesions might not be appreciated 
due, in part, to inherent technical difficulties 
in identifying certain aberrations involving 
specific chromosomes. For instance, the 
t(12;21) is only rarely identified by classical 
cytogenetics in pediatric leukemia, account
ing for less than 0.05% of cases [3]; fluores
cence in situ hybridization (FISH) analysis 
indicated that cytogenetics may clearly 
underestimate its prevalence [4-7]. 

Recently, the t(12;21){p13;q22) break
point was cloned and shown to fuse the he
lix-loop-helix (HLH) domain of the TEL 
gene on 12p to the DNA-binding and trans
activation domains of the AMLl gene on 21 q 

[8,9]. AMLl is the DNA-binding component 
of the AMLlICBF{3 tanscription factor com
plex which is most frequently involved in 
myeloid-associated translocations includ
ing, for instance, the t{3;21), and t{8;21) [1]. 
The TEL gene was first identified after clon
ing of the t(5;12)(q33;p13) that is associated 
with one subtype of the myelodysplastic 
syndromes (MDS), namely chronic myelo
monocytic leukemia. This translocation 
leads to expression of a fusion transcript in 
which the tyrosine kinase domain of the 
PDGFR{3 gene on ch5 is coupled to the ETS
like gene TEL on ch12 [10]. ETS proteins 
constitute a family of DNA-binding proteins 
acting as transcriptional activators. Also 
here the HLH domain of TEL is retained in 
the fusion protein. TEL is also involved in 
other fusion-type translocations such as 
TELlABL-t(9;12) in ALL and AML, in 
MNl/TEL-t(12;22) in AML and MDS, and in 
t(10;12)(q24;p13) inMDS [11-14]. 

To investigate the frequency of TEL
AML1 rearrangements, several groups ana
lyzed panels of children with acute lympho
blastic leukemia (ALL) or acute myeloid leu
kemia (AML) using Southern blotting, FISH 
and reverse-transcriptase polymerase chain 
reaction (RT-PCR) [3,15-25]. Only very few 
adult ALL cases were found to carry the TEL
AMLl fusion (Table 1). The reciprocal 
AMLl-TEL transcript was detected in a sub
set of patients only suggesting that only the 
protein product encoded by TEL-AMLl 
plays a role in leukemogenesis [3,17]. It was 
further noted that the TEL-AMLl fusion is 

Table 1. Incidences ofTEL-AMLl fusions in childhood and adult acute leukemias 

Leukemias Range of frequencies Total no. of cases 
(in different series) (on aggregate) 

% 

Children: AML 0 0/67 (0% ) 
ALL 10-27 1451746 (19%) 

BCP-ALL 12-32 126/574 (22%) 
B-ALL 0 0/4 (0% ) 
T-ALL 0 0/68 (0%) 

Adults: ALL 0-3 8/455 (2%) 
BCP-ALL 0-3 2/224 (1 %) 
B-ALL 0 0/2 (0% ) 
T-ALL 0 0/34 (0%) 

Data were compiled from the literature (references 3,15-25; and unpublished data, Borkhardt et al.). BCP
ALL (B-cell precursor acute lymphoblastic leukemia) includes the various immunologically defined sub
types ( e.g., pre-pre B-ALL/pro B-ALL, common ALL, pre B-ALL). 
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accompanied in many cases by loss or dele
tion of the residual (non-translocated) TEL 
allele (= loss of heterozygosity, LOH); how
ever, none of the patients with TEL LOH had 
mutations in the residual TEL allele, suggest
ing that TEL is not a classical tumor suppres
sor gene [3,9,16,17,26-28]- the tight associ
ation between loss of one allele and rear
rangement of the other in TEL-AMLl sug
gesting a novel tumorigenic mechanism. 
Co-immunoprecipitation experiments de
monstrated that TEL-AMLl formed homo
dimers in vitro, and heterodimerized with 
the normal TEL protein when the two 
proteins were expressed together [16]. TEL
AMLl transcripts were never found asso
ciated with any other fusion transcripts or 
typical cytogenetic translocation [20, 22]. 
TEL-AMLl-positive leukemic children ap
peared to have a better treatment outcome 
when compared to the other B-lineage cases 
[3,15,16]. One study found a slightly higher 
incidence of the TEL-AMLl fusion in re
lapsed B-lineage ALL cases compared with 
the untreated cases [25]. 

It can be concluded that 
1. TEL-AMLl is the most common gene re

arrangement in childhood ALL, despite 
the t(12;21) not being evident cytogeneti
cally; this finding may have implications 
for rapid diagnosis and minimal residual 
detection. 

2.12p deletions and TEL LOH subsequent to 
the t(12;21) are likely to represent permis
sive events, possibly unmasking the activ
ity of the TEL-AMLl product and provid
ing a proliferative advantage to leukemic 
cells. 

3. the TEL-AMLl fusion identifies a sub
group of pediatric ALL patients with a 
good prognosis. 

4. the AMLl transcription factor is clearly a 
frequent target of aberrations in both pe
diatric ALL as well as in de novo AML. 

Continuous cell lines provide permanent 
sources of material for researchers in several 
areas, but may be of particular interest for 
studies on the molecular changes involving 
the recurrent breakpoints. In the event that 
no adequate cell line exists, investigators are 
restricted to using the limited amount of 
material available from patient samples. In 
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the present study, we attempted to define the 
frequency of the t(12;21) in a series of con
tinuous leukemia cell lines derived from pa
tients with early B-lineage ALL pinpointing 
cell lines with this unique chimeric mRNA 
transcript. 

Materials and Methods 

Leukemia Cell Lines 

The continuous cell lines were taken from 
the stock of the cell bank of the DSMZ (Ger
man Collection of Microorganisms and Cell 
Cultures) or were generously provided by 
the investigators who established the cell 
lines for research purposes (Table 2). The 
cell lines were grown at 37 C in a humidified 
atmosphere of air containing 5% CO2, The 
basal growth media (Gibco BRL, Eggenstein, 
Germany) were supplemented with 5-20% 
heat-inactivated fetal bovine serum (FBS) 
(Sigma, Deisenhofen, Germany). Cells were 
harvested in their logarithmic growth phase 
with viabilities of more than 90%. 

Reverse Transcriptase-Polymerase Chain Reaction 
(RT-PCR) 

Total RNA was isolated using guanidinium 
thiocyanate and ultracentrifugation meth
ods.5 Jig total RNA were used for the synthe
sis of first strand cDNA applying a RT pre
amplification kit (SuperScript; Gibco BRL). 
The RT was carried out with 50 ng of ran
dom hexamers in a final volume of 20 f-Ll RT 
buffer (20 mM Tris-HCl of pH 8.4,50 mM 
KC1, 1.5 mM MgC12, 0.1 mg/ml bovine serum 
albumin). The mixture was incubated at 
70°C for 10 min; 200 U of Moloney murine 
leukemia virus RT and 1 ml of 10 mM dNTP 
mix were added to the reaction and incubat
ed at 42°C for 50 min. The reaction was 
stopped by heating to 90 °C for 5 min and 
chilled on ice. After centrifugation, 2 U of 
RNase H were added to the reaction mixture 
and incubated for 20 min at 37°C. Two f-Llof 
the first strand cDNA (corresponding to 0.5 
f-Lg of RNA) were diluted with PCR buffer 
(10X 500 mM KC1, 15 mM MgC12, 100 mM 
Tris-HCl pH 8.8,0.8% Nonidet P40) contain-



Table 2. Early B-lineage leukemia cell lines analyzed 

Cell line 1 B-type a Agel Sample Original Stage of Trans- TEL-AMLl 
of cell line sex siteb disease' diseased locationse mRNA 

Cell lines from children with BCP-ALL: 
1ARC-31S B-II/III ?/? preB-ALL n.d. 
KOPN-S B-III IF PB ALL t(11;19) 
LILA-l B-II/III ?/? PB preB-ALL t(I;19) 
LK-63 B-III ?/? PB preB-ALL t(1;19) 
MHH-CALL-2 B-IJ 15 F PB preB-ALL D n.d. 
MHH-CALL-3 B-IJ llF BM pre B-ALL D t(1;19) 
PRE-ALP B-III 6F BM preB-ALL t(I;19) 
RCH-ACV B-II SF BM cALL t(I;19) 
REH B-IJ 15 F PB ALL R t(12;21 ) + 
SEM B-1 SF PB preB-ALL R t(4;11) 
SUP-BI5 B-III 9M BM preB-ALL R t(9;22) 
SUP-B27 B-III 15M preB-ALL t(I;19) 
UOC-B9 B-II 9F pre B-ALL D n.d. 
Cell lines from adults with BCP-ALL: 
HPB-NULL B-III 47M ALL n.d. 
LAZ-221 B-III 24F PB ALL n.d. 
NALM-6 B-III ISM PB ALL t(5;12) 
NALM-26 B-III 24M PB preB-ALL D n.d. 
NALM-271-2S B-II 3SM PB preB-ALL D t(9;22) 
NALM-301-31/-32 B-II 3SM PB preB-ALL R t(9;22) 
OM9;22 B-IJ 19 F BM ALL t(9;22) 
PC-53 B-II 33M BM cALL R n.d. 
RS4;11 B-1 32 F BM ALL R t(4;11) 
TAHR-S7 B-IJ 27M preB-ALL n.d. 
TOM-l B-II 54M BM preB-ALL t(9;22) 
Z-119 B-II/III 25 F BM preB-ALL R t(9;22) 
Z-ISI B-II/III 33M BM preB-ALL R t(9;22) 
Cell lines from other leukemias or lymphomas: 
JM-l B-II/III ?/? PB B-NHL n.d. 
MHH-PREB-l B-III 7M LN B-NHL D n.d. 
MUTZ-l B-III 6F BM MDS D n.d. 
NALM-l B-III 3F PB CML-IymBC t(9;22) 
SMS-SB B-III 16 F PB B-NHL n.d. 

a Cell lines carry an early B-lineage immunophenotype based on marker expression (CDI9, CD22, CDI0, 
cy1gM, HLA-DR, CD24) in the absence of typical T-cell or myelomonocytic-erythroid-megakaryocytic 
markers and lack of surface immunoglobulin expression. Sub categorization into pro B-type (= B-1; CD 19+ 
HLA-DR+), common B-type (= B-II; C019+ HLA-DR+ CDlO+), pre B-type (= B-III; C019+ HLA-DR+ 
CD 10+ cy1gM+), mature B-type (= B-1V); CDI9+ HLA-DR+ s1g+). The cy1gM-status is not known for cell 
lines classified as B-II/III (but cells are always CDI9+ CDI0+ s1g-). 

b According to original publication; BM: bone marrow; LN: lymph node; PB: peripheral blood;?: not given. 
C According to original publication; B-NHL: B-cell Non Hodgkin's lymphoma; cALL: common ALL; CML
Iym BC: chronic myeloid leukemia in lymphoid blast crisis. 

d According to original publication; cell lines were established prior to therapy (at diagnosis, D) or at relapse 
(R); ?: not indicated. 

e Cell line known to carry chromosomal translocations involving possibly these fusion genes; t(1;19)(q23; 
p13): PBXI-E2A; t(4;11)(q21;q23): AF4-MLL; t(5;12)(q33;p13): PDGFRB-TEL; t(9;22)(q34;qll): ABL-BCR; 
t(11;19)(q23;pI3): MLL-MLLTl (for details see ref. 1). n.d.: none described (which also means that this cell 
line might not have been analyzed at all in this regard). 

ing 20 pmol of each upstream and down
stream primer, 10 nmol of dNTP mix and 
1.25 U of Taq DNA polymerase (MBl Fer
mentas, St. Leon-Rot, Germany). For the 
TEL-AMLl fusion primers used were sense 
TEL969 (5' -GAACCACATCATGGTCTCTG-
3') and antisense NAMLl (5'-AGCGG-

CAACGCCTCGCTCAT -3') [8,17]. For the re
ciprocal product AMLl-TEL, the primers 
sense PG4 (5'-GGAGGAAGCGATGGCTT
CAGACAGC-3') and antisense NTEL (5'
AGCGGCAACGCCTCGCTCAT-3') were em
ployed. To determine the quality of the RNA, 
the RT reaction and the PCR amplification, 
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the following primers were used to amplify 
~-actin: sense F-ACTIN (5'-ATGGATGAT
GATATCGCCGCG-3') and antisense R-AC
TIN (5' -CTAGAAGCATTTGCGGTGGAC-
3'). The PCR reactions were performed with 
a DNA thermal cycler (Perkin Elmer Cetus, 
Heidelberg, Germany): denaturation for 
7 min at 95°C; 3 min at 75 °C and addition 
of the Taq polymerase; 2 min at 60°C and 
10 min at 72 °C for one cycle. The amplifica
tion was carried out in 35 cycles of 30 s at 
94 °C,30 s at 60°C and 60 s at 72 °C with 2 s of 
extension time. Nine f.ll of the reaction mix 
were electrophoresed on an ethidium bro
mide-stained 1.4% agarose gel and blotted 
with 20X SSC onto nylon filters (Gene 
Screen; DuPont, Bad Homburg, Germany) 
using standard methods. Digoxigenin
labeled oligonucleotides (TEL-AMLl: 5'
AGAATAGCAGAATGCATACT-3'; AMLl
TEL: 5'-TTCATGAGAGACTGTAGACTG-3') 
were used for the detection of the amplifica
tion products [17]. The hybridization was 
carried out overnight at 42°C. The detection 
was performed using an alkaline phospha
tase-conjugated anti-Dig antibody and the 
substrate solution CSPD (Boehringer Mann
heim, Germany). 

Cytogenetic Analysis 

For conventional cytogenetic analysis, stan
dard procedures were used. Briefly, meta
phase cells were arrested from growing cell 
cultures of REH by colcemid blockade (0.1 
f.lM for 3.5 h) and swollen for 7 min in an hy
potonic solution comprising 0.075 M KCI 
and 0.9% Na-citrate (1:1}. After centrifuga
tion, cells were fixed in ice-cold metha
nol/acetic acid (3:1} and refrigerated over
night. After two washes in fixative, suspen
sions were dropped onto chilled, pre
cleaned microscope slides. Whole chromo
some painting probes were obtained from 
Cambio (Cambridge, UK): chr 3,4,5,12,16, 
21 labelled with biotin, and chr 4,12 and 21 
labelled with fluorescein isothiocyanate 
(FITC). A probe specific for the telomere on 
chromosome 12q (Dl2S399, Dl2Z5) labelled 
with digoxigenin was purchased from Appli
gene-Oncor (Heidelberg, Germany). Com
mercial probes were hybridized and washed 
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according to manufacturers' instructions. 
Cosmid clones covering exons 1 (179A6) 
and 8 (l48B6) of TEL (donated by Prof. P. 
Marynen, Leuven, Belgium) [29] were con
trastingly labelled with digoxigenin -11-
dUTP and biotin-16-ATP by nick transla
tion. For the cosmid probes FISH was per
formed using probe DNA at a concentration 
of 4 ng/f.ll with 100-fold excess of Cot-1 DNA 
(Boehringer Mannheim) in 2XSSC, 10% 
dextran sulphate, 50% deionized formamide 
(Sigma). In all cases standard chromosome 
slide preparations were denatured (by incu
bation in 70% formamide, 2XSSC, pH 7.0, at 
74°C for 2 min), and then dehydrated in an 
ethanol series. After denaturing and prehy
bridizing probe mixtures (72 °C for 5 min 
and 37°C for 30 min), hybridizations were 
performed over 48 h at 42°C in a moist 
chamber. Standard "sandwich" detection 
was used to visualize biotin (avidin-Texas 
Red) and FITC (anti-FITC). Digoxigenin was 
visualized using a murine monoclonal anti
body against digoxin, haptenized with FITC 
(Sigma). 

Results and Discussion 

RT-PCR analysis was performed on mRNA 
specimens from 34 leukemia cell lines de
rived from 31 patients (Table 2). The speci
ficity of the PCR products was assessed with 
an internal probe after Southern blotting. 
The amplification of the house keeping ~
actin transcript was used as a quality con
trol. Samples from pediatric patients with 
early B-lineage ALL carrying a t(12;21} were 
employed as positive controls (Fig. 1). 

All cell lines display an early B-lineage 
phenotype based on immunophenotyping 
and genotyping data. The cell lines were as
signed to three different categories based on 
their origin from early B-lineage ALLs in 
children, from early B-lineage ALLs in 
adults, or from other leukemias (i.e. CML in 
blast crisis) or B-cell type non-Hodgkin's 
lymphomas (Table 2). None of the cell lines 
established from adults with early B-lineage 
ALL or from other leukemias/lymphomas 
showed the TEL-AMLl fusion in the RT
PCR. Out of 13 pediatric cell lines only the 
cell line REH carried the TEL-AMLl fusion 
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Fig. 1. Identification ofTEL-AMLl Fusion by RT-PCR. RNAs derived from three positive patients (#1-3 used 
as positive controls) and from three early B-lineage ALL cell lines were used in an RT-PCR with TELJAMLl
specific primers. Aliquots of the amplification products were separated by gel electrophoresis and visualized 
with ethidium bromide (middle panel). This gel was blotted and hybridized with a breakpoint-spanning 
probe (top panel). Amplifiable RNA and fidelity of the PCR reaction were controlled using primers specific 
for G-actin (bottom panel), The predicted 173-bp TEL-AMLl fragment was amplified in the cell line REH, but 
not in IARC-31S and not in RCH-ACV 

gene (Fig. 1). While all three primary sam
ples used as positive controls for the TEL
AMLl fusion mRNA detection were also 
positive for the AMLl-TEL peR product, 
REH does not appear to have this reciprocal 
chimeric transcript (data not shown). RT
peR with the TEL969-NTELor NAMLl-PG4 
primers showed that the non-rearranged 
AMLl allele was invariably expressed in cas
es displaying the TEL-AMLl fusion mRNA; 
on the other hand, while the patients were 
positive for the second non-rearranged TEL 
mRNA, this TEL allele was not expressed by 
the cell line REH suggesting a deletion. 

The consensus karyotype of REH was 
found to be: 46, X, -X, del(3)(p21.3p24), 
der(4)(4pter~q32: :?16q24.3~qter), t(5;12) 
(q31.2;p13), der(12)(12qter~q23::12p13~ 

q23::4q32~qter), +16, der(16)-t(16;21) 
(q24.3;q22 )x2, der( 21)t(12;21) (p 13;q22). 
Apart from the unrelated del(3), rearrange
ments fell into two groups, each involving 
12p13 from either homologue. The first 
group responsible for the t(12;2l), appeared 
to involve a complex four-way translocation, 
t(4;12;21;16)(q32;p13;q22; q24.3), with in-

version at 12p13 and q23 in the der(12) part
ner. Signal from cosmid 179A6, but not 
148B6, colocalized to the medial long-arm 
region of the der( 21), detected by simultane
ous hybridization with painting probes for 
chromosomes 12 and 21, confirming trans
location of TEL effected by the t(12;21) . eo
localization of signals from the telomere 12q 
and chromosome 12 painting probes 
showed that the t(12;2l) and t(4;12) accom
panied an inversion at 12p13 and 12q23. 
Though conventional G-banding suggested 
the t(5;12) involved a straightforward recip
rocal exchange of material between 5q31.2 
and 12p13, neither participating chromo
some yielded signal from either TEL cosmid 
indicating deletion of exons 1 to 8 of the re
sidual TEL genomic region (spanning 240 
kb), possibly as a direct result of the translo
cation. 

While the absence of any TEL-AMLl fu
sion product in the early B-lineage ALL cell 
lines established from adults accords with 
the data on primary material [18,19], the low 
percentage (8%) of TEL-AMLl-positive pe
diatric early B-lineage ALL cell lines is sur-
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prising. This might be simply due to statisti
cally random sampling of negative cell lines. 
Alternatively, as the rate of success in at
tempts to establish leukemia cell lines is rel
atively low, certainly below 5% for lymphoid 
leukemias and probably closer to 1 % for 
myeloid leukemias, it is possible that the 
TEL-AMLl fusion product hampers further 
the in vitro growth of such TEL-AMLl-posi
tive ALL cells and consequently also the 
establishment of a permanent cell line. It 
may be relevant that both examples of cell 
lines with t(12;22), namely MUTZ-3 and 
UCSD/AMLl, are dependent on growth fac
tor supplementation - a procedure rarely 
undertaken by those attempting to establish 
cell lines. 

Furthermore, some cell lines may have al
ternative breakpoints that result in a chi
meric product that could not be amplified by 
our oligonucleotide primers. In some lines, 
TEL may be fused to genes other than AMLl 
or may be partially deleted. Further studies 
are required to clarify any possible molecu
lar lesions in our cell lines panel. 

Finally, it is interesting that 9/13 child
hood ALL cell lines studied here have other 
known recurring translocations: 6 cell lines 
with t(1;19), one cell line each with t(4;11), 
t(9;22) or t(11;19). To our knowledge, the 
TEL-AMLl fusion has not yet been detected 
in patients who also have one of these com
mon recurring translocations. So, consider
ation of cell lines without these transloca
tions increases the frequency from 1/13 to 
1/4 (25%). One might speculate that the 
t(l2;21) is one of the critical events in the 
leukemogenesis of these cells. 

Two independent sets of complex chro
mosome rearrangements are responsible for 
the respective rearrangement and deletion 
ofTEL in REH: 
1. TEL-AMLl fusion by formation of 

der(21)t(12;21) with concominant loss of 
the reciprocal AMLl-TEL fusion gene due 
to the surrounding, complex four-way 
t(4;12;21;16) translocation; and 

2.10ss of the residual TEL allele by cryptic 
deletion accompanying translocation in 
the t(5;12). 

Despite their complexity, these cytogenetic 
mechanisms in REH effect the same combi-
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nation of TEL-AMLl fusion/residual TEL 
deletion consistently observed in patient 
studies [14,17]. It is thus likely that the rear
rangements in REH arose in vivo. Thus, REH 
provides an insight into possible cytogenet
ic mechanisms underlying the paradigm of 
TEL rearrangement and deletion in t(12;21) 
seldom affordable by the more limited stud
ies possible on primary leukemia cells. 

In summary, we detected a cell line, the 
pediatric early B-lineage ALL-derived line 
REH, that carries the t(12;21) fusion gene 
TEL-AMLl accompanied by deletion of the 
residual allele. As leukemia-lymphoma cell 
lines have been instrumental in the study of 
many breakpoints, this cell line represents a 
powerful tool for the characterization of this 
unique breakpoint and can be used as a per
manently available (standardizable) posi
tive control in the PCR analysis of TEL
AMLl fusion transcripts. 
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Abstract. Chromosomal abnormalities on 
6q,9p, 11q and 12p have been reported fre
quently in acute lymphoblastic leukemia 
(ALL). In order to define regions that may 
contain tumor suppressor genes more pre
cisely, the loss of heterozygosity (LOH) was 
analyzed on respective chromosome arms 
in childhood ALL. Using highly informative 
micro satellite markers, LOH was found in 17 
of 112 (15%) ALL samples on 6qj in 29 of 54 
(54%) on 9pj in 14 of 112 cases (13%) on 11qj 
in 33 of 100 (33%) on l2p. The commonly 
deleted region on 6q was flanked by the 
markers D6S468 and D6S2831D6S449 at 
6q21. In 27 of the 29 cases with LOH on 9p 
the critical region was characterized by 
D9S1747 and D9S1748. Homozygous dele
tions of the CDKN2/INK4A/p16 gene resid
ing in this region were found in 14 of the 27 
patients. Two cases revealed LOH at the 
IFNA locus. Two distinct commonly deleted 
regions were identified on llq and 12p, re
spectively. One region at 11q22 was flanked 
by DllS901 and DllS1391, and the other at 
llq23 by DllS614 and DllS924. On chro
mosome 12p, one critical region was flanked 
by the markers Dl2S77 and Dl2S98 includ
ing the TEL gene, and the other was localized 
around the p27/kip110cus. Our data narrow 
down regions on chromosomes 6q, 9p, llq 

and 12p containing putative tumor suppres
sor genes which may play an important role 
in leukemogenesis of childhood ALL. 

Introduction 

Cytogenetically, non-random chromosomal 
aberrations have been frequently observed 
in acutelymphoblasticleukemia (ALL) [1,2]. 
Cytogenetic deletion mapping revealed that 
the loss of entire chromosomes most com
monly affects nos. 7, 20, 21, X and Y in ALL. 
Structural aberrations resulting in the dele
tion of distinct chromosomal regions have 
been reported at 6q15-27, 7p13-22, 9pl1-24, 
llq22-25, 12p12-13, 19p13 and 22qll-13 
with frequencies of8-17,3-4, 7-16,3-5, 9-10, 9 
and 4%, respectively. These observations 
seem to indicate the presence of tumor sup
pressor genes residing in these regions that 
may play an essential role in leukemogenesis. 
The application of polymerase chain reac
tion (PCR) strategies to analyze the loss of 
heterozygosity (LOH) using highly informa
tive microsatellite markers allows a detailed 
deletion mapping of chromosomes since this 
method permits the identification of small 
interstitial deletions which are beyond the 
sensitivity of conventional cytogenetic anal-
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ysis. Our previous allelotype analysis of 
childhood ALL using 101 microsatellite 
markers that covered all autosomal chromo
somes pinpointed LOH on chromosome 
arms 6q, 9p, l1q and 12p with frequencies of 
13,40,8 and 26%, respectively [3). 

In this study, we performed detailed dele
tion mapping by means of LOH analysis, fo
cusing on these four chromosome arms, and 
determined the smallest commonly deleted 
regions. 

Material and Methods 

Cells 

After informed consent, bone marrow (BM) 
and peripheral blood (PB) samples were ob
tained from 113 children with ALL (93 pre
cursor-B ALL and 20 T-ALL) enrolled in the 
multicenter ALL trial ALL-BFM 90 of the 
German Berlin-Frankfurt-Miinster (BFM) 
study group, as well as from healthy individ
uals. These patients were selected based on 
the availability of cryopreserved cell samples 
from initial diagnosis and complete remis
sion. Methods and criteria for the definition 
of immunophenotypes have been previously 
described [4,5). The blast content of the leu
kemia cell samples was more than 90%. 

Analysis of LOH Using Microsatellite Markers 

The LOH analysis was performed by PCR
amplification of micro satellite sequences. 79 
markers (31 on chromosome 6q, 18 on 9p, 14 
on 11 q and 16 on 9p) were used in this study. 
The genetic map of chromosome 6,9, 11 and 
12 was compiled mainly from the Genethon 
micro satellite map [6-8). High molecular 
weight genomic DNA was prepared from 
cryopreserved BM and PB cells. Each PCR 
reaction contained 5-20 ng of DNA, 10 pmol 
of each of the primers, 2 nmol of each of the 
four deoxyribonucleotide triphosphates, 0.5 
units of Taq DNA polymerase, 3 /-lCi of 
[(X-3Zp) dCTP, in 20 /-ll of the specified buffer 
with 1.5 mM MgClz• Samples were amplified 
by 30-35 cycles of denaturing for 40 s at 
94°C, annealing for 30 s at 55°C and extend
ing for 1 min at 72 °c in a programmable 

thermal controller. After amplification, PCR 
samples were diluted 5-fold in loading buf
fer containing 20 mM EDTA, 96% forma
mide and 0.05% of both bromophenol blue 
and xylene cyanol. The products were heat
ed to 95°C for 5 min and 1.5 /-ll of each sam
ple was electrophoresed through a 6% poly
acrylamide gel containing 8.3 M urea for 3-4 
h at 85 W. Subsequently, the gels were dried 
and exposed on X-ray film at -80°C. Loss of 
heterozygosity was inferred when visible re
duction was measured in the ratio of allele 
radiographic signal intensities in the tumor 
sample relative to those in the correspond
ing normal sample. 

Southern Blot Analysis 

Ten /-lg of DNA were digested with an appro
priate restriction enzyme, separated on 0.6% 
agarose gel and transferred onto nylon mem
branes (Nytran 13N; Schleicher & Schuell, 
Dassel, Germany). After hybridization with 
radiolabeled probes the filters were washed 
and exposed on X-ray film using intensifying 
screens as previously described [9). 

Results 

Analysis of LOH on Chromosome 6q 

We first screened 48 ALL samples for LOH of 
chromosome 6q using 22 micro satellite 
markers. Six samples showed LOH at least at 
one locus on chromosome 6. Based on the 
results from the 6 patients, a commonly de
leted region on 6q was determined between 
markers D6S284/D6S286 and D6S267/ 
D6S2871D6S3031D6S3024 (Table 1). In order 
to identify the smallest commonly deleted 
region in the above determined region, we 
examined 112 ALL samples for LOH of the 
region between D6S2841D6S286 and D6S262 
using 19 highly informative micro satellite 
markers. LOH was found at least at one locus 
in 17 of 112 (15%) ALL patients (2/19 T-ALL, 
15/93 precursor-B ALL). Six cases showed 
LOH at all informative loci. Five samples re
vealed relatively large interstitial deletions 
(D6S2751D6S417-D6S268). Three very in
formative samples lost alleles at D6S468 or 
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Table 1. Microsatellite and polymorphic markers used for the LOR analysis on chromosome arms 6q, 9p, llq 
and 12p. Markers are sorted according to their positions on respective chromosomes and the smallest com
monly deleted regions are indicated 

q 9p llq 12p 

Centromere 9pter Centromere 12pter 

D6S313 D9S168 DllS901 D12S91 
D6S280 D9S156 DllS2179 ~ D12S100 
D6S284 D9S157 DllS1391 D12S93 
D6S286 D9S162 DllS897 D12S99 
D6S275 IFNA :=J DllS29 D12S77 ~ 
D6S417 D9S1749 DllS1356 D12S89 
D6S300 D9S1747~ DllS1341 D12S98 
D6S424 (p16) DllS976 p27lKipl:=J 
D6S468~ D9S1748 DllS614 D12S358 
D6S283 (pI5) DllS1364 ~ D12S320 
D6S449 D9S1752 DllS924 D12S364 
D6S268 D9S171 DllS528 D12S269 
D6S278 D9S126 DllS925 D12S308 
D6S302 D9S265 DllS933 D12S310 
D6S261 D9S259 llqter D12S363 
D6S266 D9S169 D12S87 
D6S267 D9S270 Centromere 
D6S287 D9S161 
D6S303 D9S165 
D6S304 D9S163 
D6S262 Centromere 
D6S270 
D6S292 
D6S308 
D6S310 
D6S314 
D6S290 
D6S305 
D6S264 
D6S297 
D6S281 
6qter 

D6S300/D6S424, but maintained heterozy
gosity at the distal neighboring locus 
D6S283/D6S449. The other two samples lost 
alleles at D6S268, but maintained heterozy
gosity at the proximal neighboring locus 
D6S468. Thus, the smallest commonly delet
ed region is flanked by the markers D6S468 
and D6S283/D6S449, comprising 2cM. A de
letion at this region was identified in 16 of 17 
samples with 6q LOH. 

terminal deletions and 9 cases showed inter
stitial deletions. Twenty-seven of the 29 
samples lost alleles in the region flanked by 
D9S1747 and D9S1748. This area contains 
the CDKN2/INK4A/pI6 gene [10]. In 2 cases 
LOH was restricted to the IFNA locus [11] 
while heterozygosity was retained at the 
CDKN2/INK4A/pI6 locus. 

Analysis of LOH on Chromosome 9p 

Using 18 highly polymorphic markers, LOH 
was found at least at one locus on the short 
arm of chromosome 9 in 29 of 54 (54%) ALL 
samples. Sixteen cases showed LOH at all in
formative loci on 9p. Four samples revealed 
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Analysis of the CDKN2/INK4A1p16 and 
CDKN2B/INK4B/plS Gene by Southern Blot 
Hybridization 

Southern blot analysis showed that 14 of the 
29 patients with 9p LOH had homozygous 
deletions of the CDKN2IINK4A/pI6 gene, 
and 7 of the 14 cases had homozygous dele
tions of the CDKN2BIINK4B/pI5 gene [12], 



as well. Not a single case showed a homo
zygous deletion of just the CDKN2BI 
INK4B/p15 gene. All of the 14 patients ex
hibited large LOH surrounding the CDKN21 
INK4A/p16 and CDKN2B/INK4B/p15 loci. 
This result suggests that homozygous dele
tions of the putative tumor suppressor 
genes result from the loss of a large segment 
on one allele and a small deletion on the 
other. 

Analysis of LOH on Chromosome llq 

Using 14 highly informative microsatellite 
markers located between 11q14 and 11q24, 
LOH was found at least at one locus in 18 of 
113 (16%) ALL samples (3/20 T-ALL, 15/93 
precursor-B ALL). Eight cases showed LOH 
at all informative loci. Two samples revealed 
relatively large deletions between markers 
D11S901 and D11S925. Four cases showed 
small deletions between markers D11S614 
and D11S924. Two very informative cases 
revealed small deletions at D 11 S2179. 
The other two patients showed deletions 
around D11S2179 but not at D11S614. Thus, 
two distinct commonly deleted regions were 
identified on chromosome 11q. The first 
region is flanked by markers D11S901 and 
D11S1391 at 11q22, containing the ATM 
gene [13],and the second region by D11S614 
and D11S924 at 11q23, including the MLL 
gene [14]. 

Analysis of the Mll Gene by Southern Blot 
Hybridization 

Alterations of the MLL gene were examined 
by Southern blot analysis in 14 ALL samples 
that showed LOH at 11q23. A PstI/SacI frag
ment from exon 8 of the MLL gene was used 
as a probe (kindly provided by Dr. P. Domer). 
All 14 patients revealed a germline configu
ration of the MLL gene on the second allele. 

Analysis of LOH at Chromosome 12p 

Using 16 highly polymorphic markers, LOH 
was found at least at one locus on the short 
arm of chromosome 12 in 33 of 100 ALL 

samples (33%) (Fig. O. It was observed 
more frequently in precursor-B ALL (32/80; 
40%) than in T-ALL (1/20; 5%) (p = 0.0027). 
Four cases showed LOH at all informative 
loci on chromosome 12p. Six cases revealed 
large terminal deletions. Ten samples 
showed large interstitial deletions between 
D12S89 and D12S308. Four very informa
tive samples lost alleles at D12S89, but 
maintained heterozygosity at the distal 
neighboring locus D12S77. Two of these 
samples also maintained heterozygosity at 
the proximal neighboring locus D12S98. 
LOH at D12S89 was identified in 21 of 82 
(26%) informative patients. Thus, this 
smallest commonly deleted region is 
flanked by Dl2S77 and D12S98, and has a 
size of 4cM. 

Seven other informative samples showed 
LOH at p271Kip1 [15,16], but one of these 
samples retained both alleles at the proximal 
neighboring locus D 12S358. Another sample 
maintained heterozygosity at the distal 
neighboring locus D 12S98. Moreover, five of 
these samples retained heterozygosity at 
D12S89, which lies in the smallest common
ly deleted region as defined above. Thus, a 
second smallest commonly deleted region 
resides around the p271Kip1 locus. LOH at 
the p271Kip1 locus was found in 15 of 34 
(44%) informative patients. 

Analysis of the TEL Gene and the p27/Kipl Gene by 
Southern Blot Hybridization 

Using a PCR amplified exon 5 of the TEL 
gene as a probe, alterations of the TEL gene 
[17] were examined in 21 ALL samples that 
showed LOH at 12p13 by means of Southern 
blot hybridization of BamHI-digested DNA 
samples. A rearrangement was detected in 8 
cases. One common ALL revealed a homozy
gous deletion of the TEL gene. The deleted 
regions on chromosome 12p in 8 of the 
9 ALL cases with TEL rearrangements or 
homozygous deletion covered the TEL 
locus. 

Alterations of the p271Kip1 gene were an
alyzed in the 100 ALL cases by Southern blot 
hybridization. All of the patients revealed a 
germline configuration of the p271Kip1 
gene. 
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Fig.l. Representative autoradiograph showing loss of heterozygosity at D 12S89. LOH is found in samples 30, 
32 and 41 (indicated by arrowhead). The weak radiographic signals at deleted positions in tumor DNA sam
ples stem from contaminating normal cells. The sample numbers are shown above the diagrams. T tumor 
DNA, N normal DNA 

Discussion 

Detailed deletion mapping of four chromo
some arms identified in previous studies [3) 
was performed by usage of highly informa
tive micro satellite markers in childhood pri
mary ALL. In 15% of cases LOH was found 
on 6q; in 54% on 9p; in 16% on 11q; in 33% 
on 12p. The frequency of deletions in this 
study is higher than that reported for those 
chromosome arms in previous cytogenetic 
analyses, suggesting that the PCR-mediated 
approach allows a more sensitive detection 
of deletion events. 

On the long arm of chromosome 6, the 
smallest commonly deleted region is flanked 
by D6S468 and D6S2831D6S449 at 6q21. The 
genetic distance between these 2 loci is ap
proximately 2cM. 

On the short arm of chromosome 9, the 
region was localized between markers 
D9S1747 and D9S1748, including the puta
tive tumor suppressor gene CDKN2/INK4A/ 
p16 at 9p21. Twenty-seven of the 29 patients 
with 9pLOH lost alleles in this region. Four
teen of the 27 cases exhibited homozygous 
deletions of the CDKN2/INK4A/pI6 gene. 
However, the other 13 cases showed a reten
tion of both CDKN2/INK4A/pI6 and 
CDKN2B/INK4B/pI5 genes, suggesting that 
an additional tumor suppressor gene resides 

246 

in this region. The relationship between ho
mozygous deletions of the CDKN2/INK4A/ 
p16 gene and LOH on 9p was analyzed in 14 
cases with homozygous deletions. A sur
rounding larger LOH on the second allele 
was found in all 14 cases. These results show 
that homozygous deletions at 9p21 occur af
ter a loss of a large chromosome segment on 
one allele. Two cases showed LOH at the 
IFNA locus and no LOH in the above-deter
mined region. Deletions of the IFN genes 
have been reported in 29% of ALL patients 
[18). These results suggest that a second 
commonly deleted region resides around 
the IFNA locus. 

On the long arm of chromosome 11, one 
critical region is flanked by D11S901 and 
D 11 S 1391 at 11 q22 and the other by D 11 S614 
and Dl1S924 at l1q23, suggesting that in this 
area two different tumor suppressor genes 
are localized on chromosome 11q. A rear
rangement of the MLL gene residing in the 
critical region at 11q23 was not found in pa
tients with LOH at this area. This finding in
dicates that the MLL gene is probably not the 
critical target for the deletion event in llq23. 

On the short arm of chromosome 12, one 
regions is flanked by D12S77 and D12S98 
containing the TEL gene, and the other is 
around the p27/Kipl locus at 12p13. Rear
rangements of the TEL gene were observed 



in 8 of the 21 patients with 12p LOH around 
the TEL locus, suggesting that the TEL is an 
actual target for some ALL cases with 12p 
LOH, and in one patient, the TEL gene was 
homozygously deleted. However, 12 cases 
showed a germline configuration of the TEL 
gene in spite of 12p LOH. Furthermore, all 
patients with LOH at the p27/Kipllocus re
vealed a germline configuration of the gene. 
These results pinpoint the existence of two 
novel tumor suppressor genes on chromo
some 12p. 

In summary, our detailed mapping efforts 
provide important information toward the 
cloning of novel tumor suppressor genes 
that may play an essential role in leukemo
genesis of childhood ALL. 
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Deletions of Human Chromosome Region 6q23-24 
in 8-Lineage Neoplasias 

R. SIEBERT, Y. ZHANG, P. MATTHIESEN, K. WEBER-MATTHIESEN, W. GROTE, 

B.SCHLEGELBERGER 

Abstract. Deletions of the long arm of chro
mosome 6 (6q) are among the most frequent 
chromosome aberrations in B-lineage leu
kemias and lymphomas and often occur as 
secondary changes in addition to typical 
translocations, such as t(14;18). Using flu
orescence in situ hybridization (FISH) with 
two YAC-DNA probes hybridizing to human 
chromosome region 6q23-24 and with the 
centromeric probe D6Z1 as internal control, 
we studied 31 low-grade and 8 high-grade B
cell lymphomas. Deletions in 6q23-24 were 
detected in 21 cases (54%) by FISH, compa
red to 13 cases (33%) by chromosome analy
sis. Deletions in 6q23-24 were found by FISH 
in 5/13 small lymphocytic lymphomas, 2/3 
mantle cell lymphomas, 10/14 t(14;18)-posi
tive follicular lymphomas and in 4/8 centro
blastic lymphomas, three of the latter carry
ing a translocation t(14;18). This study de
monstrates that in B-celllymphomas deleti
ons in 6q23-24 are present more frequently 
than suggested hitherto and that they can be 
detected more sensitively by FISH than by 
chromosome analysis. In contrast to pre
vious reports suggesting the region 6q23-24 
to be preferentially deleted in low-grade 
lymphomas lacking the translocation 
t( 14; 18), our results indicate that deletions in 
6q23-24 appear to be also common in other 
pathological subsets of B-cell lymphomas, 
especially in follicular lymphomas carrying 
the translocation t(14;18). 

Introduction 

Deletions of the long arm of chromosome 6 
(6q) are among the most frequent chromo
some aberrations in malignant lymphomas, 
in acute leukemias as well as in some solid 
tumors, e.g. ovarian cancer and melanoma 
[1]. Therefore, the existence of one or more 
tumor suppressor genes involved in the pa
thogenesis or progression of these malig
nancies is presumed in 6q. In non-Hodgkin's 
lymphomas (NHL), deletions of 6q fre
quently occur as secondary changes in addi
tion to typical translocations, e.g. the trans
location t(14;18), and define a subgroup of 
patients with a poor prognosis. By loss of he
terozygosity (LOH) analyses, three regions 
of minimal molecular deletions (RMD) in 6q 
have been defined in NHL [2, 3]. These 
RMDs were reported to be associated with 
certain pathological subtypes of NHL, na
mely RMDI at 6q25-27 with intermediate
grade NHL, RMD2 at 6q21 with high-grade 
NHL and RMD3 at 6q23 with low-grade 
NHL lacking the translocation t(14; 18). In 
order to determine the frequency of dele
tions of this latter region in different subty
pes of NHL we investigated 39 low-grade 
and high-grade B-celllymphomas with and 
without translocation t(14; 18) by means of 
interphase fluorescence in situ hybridiza
tion (FISH) using two 6q23-24-specific YAC
DNA probes. 

Department of Human Genetics, University of Kiel, Schwanenweg 24,24105 Kiel, Germany 
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Material and Methods 

Patients 

39 patients (18 male, 21 female) with B-cell 
NHL were studied. Thirteen patients were 
diagnosed with small lymphocytic lympho
mas including nine cases of B-CLL and four 
cases of lymphoplasmocytic lymphomas, 
three patients with mantle cell lymphomas, 
one patient with a marginal B-celllympho
rna, 14 patients with follicular lymphomas 
(corresponding to follicular center lympho
ma, follicular type, grade II in 13 patients 
and grade III in one patient) and eight pati
ents with high-grade centroblastic lympho
ma (corresponding most likely to diffuse 
large B-celllymphoma). At the time of chro
mosome analysis, one B-CLL had already 
underwent transformation into a high-gra
de immunoblastic lymphoma; one patient 
presented with a low-grade follicular lym
phoma which evolved to a high-grade lym
phoma within two months. 

Cytogenetic Analyses 

Chromosome analyses and interphase cyto
genetics were performed on short-term cul
tures of lymph node biopsies or peripheral 
blood. For chromosome banding, a fluores
cence R-banding technique was applied. 

Fluorescence in Situ Hybridization (FISH) 

As probes for interphase cytogenetics two 
YACs, yWPR108 and yWPR 255 mapping to 
human chromosome region 6q23-24, were 
kindly provided by Dr. D. Schlessinger (Cen
ter for Genetics in Medicine, MI, USA). YAC
DNA was amplified by Alu-PCR and biotiny
lated using a random primed labelling kit 
(GibcoBRL, Eggenstein, Germany). In order 
to determine the copy number of chromoso
me 6 the digoxigenin-labelled alpha-satellite 
probe D6Z1 (Oncor, USA) specific for the 
centromere of chromosome 6 served as in
ternal control in each experiment. Dual-co
lor FISH was performed with one of the YAC
DNA probes and D6Z1 as previously descri
bed [4]. Biotinylated YAC probes and digoxi-

genin-labelled D6Z1 were visualized by 
AMCA (blue) and FITC (green) fluorescent 
dyes. More than 200 cells for each YAC probe 
were analysed per case. Evaluation of slides 
was performed in a blind fashion, i.e., the 
persons who evaluated the slides did neither 
know the diagnoses of the patients, nor the 
results of previous chromosome studies. 

Results 

Cytogenetic Analyses 

By cytogenetics, clonal chromosome aber
rations were detected in 32 patients. A trans
location t(14;18)(q32;q21) was found in all 
14 tumor samples classified as follicular 
lymphoma and in 5 of 8 samples classified as 
centroblastic lymphoma. A translocation 
t(11;14)(q13;q32) was observed in two of 
three mantle cell lymphomas. By chromoso
me analyses, structural alterations of chro
mosome 6 were seen 17 lymphoma samples. 
In 12 of these samples, the clones contained 
deletions affecting 6q. Single cells with a de
letion in 6q were found in two patients. In 
three patients, the whole long arm of chro
mosome 6 was deleted due to the formation 
of an isochromosome i(6)(p10). Except for 
two tumor samples containing clonal deleti
ons of 6q13-?21 and 6q27-qter, respectively, 
the deletions affecting the long arm of chro
mosome 6 always encompassed the region 
6q23-24. Thus, by cytogenetics a clonal loss 
of chromosome region 6q23-24 was detect
edin 13 patients (33.3%). 

Control Studies for the Detection of a Deletion 
6q23-24 by Interphase FISH 

By our FISH assay for the detection of deleti-
0ns in human chromosome region 6q23-24, 
interphase nuclei of diploid cells without al
teration of chromosome 6 should display 
two green hybridization signals for D6Z1 
and two blue hybridization signals for either 
yWPR 108 or yWPR 255. Deletions in chro
mosome region 6q23-24 are indicated by 
lack of one of the two blue signals (Fig. 1). 

In order to define the thresholds for the 
detection of a deletion 6q23-24 by interpha-
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Fig. 1. Schematic illustration of the interphase cytogenetic approach for the detection of deletions in human 
chromosome region 6q23-24 
Metaphase chromosomes and interphase nuclei without (left) and with (right) deletion in human chromo
some region 6q23-24. The interphase nucleus carrying a deletion in 6q23-24 displays two signals derived 
from the probe D6Z1 hybridizing to the centromere of chromosome 6 (bright dot), but only one signal deri
ved from the respective YAC (dark dot). 

se FISH 1200 peripheral lymphocytes from 
five healthy donors were analysed. Among 
these cells, 12 nuclei (1.1 %) contained one 
hybridization signal for D6Z1, 9 nuclei 
(0.8%) and II nuclei (0.9%) displayed only 
one signal for the yWPR 108 and yWPR 255 
probes, respectively. Based on these control 
experiments, the cut-off limit for detecting 
deletions of 6q23-24 was set at 5 %. Thus, a 
deletion in 6q23-24 was diagnosed, if more 
than 5 % oflymph node cells showed two hy
bridization signals for D6Z1, but only one 
hybridization signal for YAC DNA probe, or
in case of triploid or tetraploid cells- three or 
four hybridization signals for D6Z 1, but only 
two or three hybridization signals for the 
YAC DNA probes. 

Detection of Deletions 6q23-24 in Lymphoma 
Specimen by Interphase FISH 

By interphase FISH, a deletion in chromoso
me region 6q23-24 was detected in 21 pati
ents (57%). In each case the percentages of 
cells displaying a deletion in 6q23-24 agreed 
completely for both YAC-DNA probes used. 
A deletion in 6q23-24 was observed in five of 
13 patients with small lymphocytic lympho
ma (4 B-CLL, one lymphoplasmocytic leu
kemia), in 2 of 3 patients with mantle cell 

250 

lymphoma, in 10 of 14 patients with follicu
lar lymphoma and in 4 of 8 patients with 
centroblastic lymphoma. In all 13 patients 
with a clonal deletion of 6q23-24 identified 
by chromosome analysis, these deletions 
were confirmed by FISH. In the two patients 
with single cell deletion in 6q, interphase 
FISH revealed deletions in 6q23-24 in 27.7 
and 20.1 % of cells, respectively. In the two 
lymphoma samples, which were thought to 
carry deletions of 6q 13-?21 and 6q27-qter by 
chromosome analysis, respectively, FISH de
tected loss in 6q23-24 in 18.7% and 46.9% of 
cells. Four patients without cytogenetic alte
rations of 6q were found to have a deletion in 
6q23-24 by FISH. Among the 19 lymphomas 
carrying a translocation t(14; 18), deletions 
in 6q23-24 were detected by FISH in 13 sam
ples. Of theses, 10 samples were classified as 
follicular lymphoma and three as centro
blastic lymphoma. A deletion in 6q23-24 was 
also present in one centroblastic lymphoma 
without a translocation t(14; 18). 

In the different cases, 16.1 to 91.0% of 
cells contained deletions in 6q23-24. The 
mean percentages of cells with the deletion 
were 31.1 % in small lymphocytic lympho
mas, 39.2 % in follicular lymphomas and 
45.1 % in centroblastic lymphomas. The per
centages of cells with the deletion was higher 
in the cases with cytogenetically visible de-



Table.l. Deletions of 6q23-24 detected by cytogenetics and FISH 

No.of cases Cytogenetics FISH 

Small lymphocytic lymphoma 
Mantle cell lymphoma 
Marginal cell lymphoma 
Follicular lymphoma 
Centroblastic lymphoma 

Total 

13 
3 
1 

14 
8 

39 

letion in 6q, as compared to the cases with
out a cytogenetically detectable deletion 
(46.8 % vs. 20.7 %, p=0.016), suggesting that 
in these cases deletions in 6q had occured in 
a minority of the tumor cells, probably as se
condary changes. 

Discussion 

Cytogenetically detectable deletions of the 
long arm of human chromosome 6 have 
been reported in 13 % to 20 % of B-celllym
phomas with a translocation t(14; 18) [5,6]. 
LOH analyses revealed deletions of chromo
some regions 6q21-23 and 6q25-2 7 in 22.5 % 
and 20.5% of NHLs, respectively [2,7]. By 
FISH, deletions of human chromosome regi
ons 6qI6.3-21 and 6q23.1-27 have been re
ported in 4/7 and 7/7 NHL cases [8, 9]. 
Moreover, in 7/7 Burkitt's lymphoma cell li
nes deletions of 6q25-27 have been descri
bed [10]. In the present study, FISH revealed 
deletions in 6q23-24 in 54 % of B-ceIllym
phomas, compared to 33 % detected by chro
mosome analysis. Therefore, deletions in 
6q23-24 appear to exist even more frequent
ly than suggested hitherto. Additionally, 
FISH turned out to be much more sensitive 
than chromosome analysis in detecting de
letions in 6q. 

Based on cytogenetic analyses, Offit et al. 
[3] suggested deletions of human chromo
some region 6q23-24 to characterize a sub
set oflow-grade small lymphocytic lympho
mas lacking the translocation t(14;18). In 
contrast to these karyotype studies, our 
FISH analyses revealed deletions in 6q23-24 
in 71% of low-grade follicular lymphomas 
with t(14;18) as compared to 39% of small 
lymphocytic lymphomas. In total, 13 of 19 
t(14;18)-positive lymphomas contained 

4 (31 %) 
2 (67%) 

o 
5 (36%) 
2 (25%) 

13 (33%) 

5 (39%) 
2 (67%) 

o 
10 (71 %) 
4 (50%) 

21 (54%) 

cells carrying a deletion in 6q23-24. Thus, in 
the present study deletions in 6q23-24 were 
observed even more frequently in follicular 
lymphomas carrying a translocation 
t(14;18) than in other low-grade B-celllym
phomas. In order to define the critical re
gions of deletion in different subtypes of B
cell lymphomas further studies with addi
tional YAC DNA probes spanning other re
gions of 6q are in progress. These analyses 
will provide the prerequisite for the identifi
cation of putative tumor suppressor genes 
involved in the pathogenesis or progression 
of B-lineage neoplasias. 
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Abstract. t(8;21) is a chromosomal abnorma
lity found in a part of AML-M2 cases and ex
ceptionally in other blood disorders. Accor
ding to literature data, CR in this form of M2 
is easy to obtain and therefore BMT is not re
commended in the first remission. We report 
here on 3 patients observed in the past 3 
years, in whom blood disease was firstly dia
gnosed as blast crisis/acceleration of CML, 
because of an excessive differentiation of 
their leukemic cells and low FAG scores. 
These results prompted us to diagnose 
BC/ ACC-CML and to administer a proper 
therapy. However, cytogenetic examination 
of BM cells of the patients did not confirm 
the diagnosis: t(8;21) and no Ph chromo
some was found in all samples examined, 
which enabled us to change the diagnosis. 
During the course of the disease a disappea
rance of t(8;21) in remissions and reappea
rance in relapses was revealed. t(8;21) is very 
rarely seen in BC-CML of M2 type and was 
never described in Ph( -) CML. Our observa
tion confirm that of Yamasaki and co. that 
t(8;21) M2 may show an excessive differen
tiation of the myeloid cell line. 

Introduction 

t(8;21)(q22;q22) giving rise to AML 1/ETO 
fusion gene formation is an acquired chro
mosome aberration seen in about 1.5 % of 
acute myeloid leukemia (AML) cases, espe-

cially of M2 type [M2/t(8;21) according to 
MI C] [1, 2]. The leukemic cells often have a 
characteristic morphology (large, often mo
nocytoid blasts with Auer rods, with greater 
tendency to maturation to neutrophils, and 
also to eosinophils, than in M2 without 
t(8;21)), cytochemistry (high MPO and low 
NAP activity) and immunophenotype 
(CD13+, CD15+, CD19+, CD34+, HLA-DR+ 
and often CD56+) [3,4,5,6,7]. 

t(8;21) is rarely seen as the sole abnorma
lity, in 80 % of cases it is accompanied by se
condary aberrations, mainly a loss of a sex 
chromosome [1]. 

t( 8;21) is considered as a good prognostic 
factor in AML M2, 96 % of patients achieve 
complete remission (CR) and have a long 
overall survival time [1,8,9]. They relapse, 
however, frequently during the first year of 
CR. Moreover, an occurrence of a granulocy
tic sarcoma, seen in > 35 % of patients, in 
probable association with CD 56+, as the first 
manifestation of the disease or of the relapse 
worsens the prognosis of this type of AML 
[5,8,10]. 

t(8;21) is not restricted to AML M2, it is 
also found in some cases of other types of 
AML e.g. M4, M1 [1,11]. Recently, t(8;21) 
was described in MDS RAEB-t, similar to 
M2/t(8;21) with respect to cytomorphology, 
immunophenotype and clinical features, 
and different from it only with respect to 
percentage of blasts « 20%) [9,12, 13],and 
the authors proposed to name this form of 
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MDS t(8;21) positive smoldering leukemia 
[9]. There are only single observations of the 
presence of t(8;21) in chronic myeloprolife
rative disease [14,15] and Ph-positive CML 
[16,17]. The presence of t(8;21) in blast pha
se of Ph-negative CML was described only 
once in a patient in whom molecular investi
gation showed BCR positivity [l1].This 
spectrum of diseases and laboratory fea
tures suggests an occurrence of t( 8;21) at 
multipotential stem cell level [7, 11]. 
M2/t(8;21) shares with CML several fea
tures, such as leukemic cells maturation, low 
levels of NAP in mature granulocytes, fre
quent loss of a sex chromosome; the diffe
rential diagnosis between both diseases may 
be sometimes difficult [10]. 

We describe here 3 patients with 
M2/t(8;21) and an excessive differentiation 
of their leukemic cells as compared to other 
M2/t(8;21) patients. In all three patients an 
initial haematological diagnosis was blastic 
crisis or acceleration of CML (CML-Be), but 
subsequent laboratory studies (e. g., cytoge
netics) and clinical course of the disease en
abled us to change this diagnosis. 

Material and Methods 

Patients 

Among 14 patients with final diagnosis of 
AML-M2 cytogenetically examined in the 
years 1993-1996 at diagnosis/admission to 
the Department of Haematology there were 

Table 1. Clinical data of AML-M2 patients 

No. 

1. 

Date of 
symptomsl 
diagnosis 
sex/age 

11.1993 
F/43 

Initial 
diagnosis 

BC-CML 

Therapy 

HU 

Course of 
the disease 

Only short-
lasting 

4 patients with t( 8;21). Among other patients 
8 had normal karyotype, one had trisomy 3 
and one add(l1)(p15). One of the patients 
with t(8;21), a 19 years old female, had a typi
cal form of AML, with> 30 % of blasts, hiatus 
leukaemicus and features of M2, myeloid 
differentiation, leukemic cells with Auer 
rods, low NAP activity etc. Three others had 
cytomorphology, hematogram and myelo
gram typical of blastic or accelerated phase 
of CML and were first diagnosed as having 
this disease. Clinical and haematological 
data of the patients are summarized in 
Tables 1 and 2. 

Case Reports 

Patient 7. Forty three-year-old woman not 
exposed previously to any environmental or 
professional mutagens fell ill in Nov. 1993, 
when weakness, headache, sweating as well 
as bruising appeared. On admission to our 
Dept. of Haematology muco-cutaneous hae
morrhagic diathesis was present, but with
out organomegaly. Because of elevated leu
kocyte count (20G/l) with 26% of blasts and 
Ph chromosome absence in microscopic 
cytogenetic analysis Ph( -) CML in blastic 
phase was diagnosed and therapy with hy
droxyurea (HU) was started. The myelob
lasts contained Auer rods, and a part of neu
trophils showed Pelger-Huet anomaly. In the 
subsequent detailed cytogenetic analysis a 
t(8;21) was shown. Because no remission 
was obtained the cytostatic therapy was 

Symptoms 
at diagnosis 

Weakness 
Haemorrhagical 

FAG Remarks 
at 
diagnosis 

28 Not fitting criteria 
ofAML 

Epi-DX, amelioration diathesis 
Ara-C,6TG Ex.02.94 

2. 10.1995 Acc-CML Epi-DX PR -,,- 2 -,,-
F/36 Ara-C Relapse 

Alive (16 months) 

3. 01.1995 BC-CML HU CR (5 months) Weakness, 27 -,,-
M/23 Relapse oral mucositis, 

DNA,Ara-C Ex.04.96 nausea, vomiting 
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changed to DAT protocol, but it did not 
result in remission. The patient died in 
Feb.1994 after a 4-month course of the dis
ease. 

Patient 2. Thirty six-year-old woman, a che
mist, was referred to the Dept. in Nov.1995 
because of suspicion of leukaemia. The dis
ease presented with weakness, dyspnoe, 
bone aches, tachycardia. On admission a 
high degree of anaemia was found, with 
highly elevated leukocyte count and throm
bocytopenia. The differential WBC count 
with 8 % of blasts and 15 % of monocytoid 
cells was consistent with accelerated phase 
of CML (Table 2). Immunophenotyping of 
the cells showed HLA DR( +) and CDl5( +). 
Cytogenetic examination revealed t(8;21). 
Ph chromosome was absent. The patient was 
treated with epirubicin (Epi-DX) and Ara-C 
and a partial remission (PR) was obtained in 
April 1996, sustained with LD Ara-C applied 
subcutaneously. During the PR Hb level was 
within the normal limits, the platelet count 
increased to 516G/l,but the granulocytic li
neage did not recover and showed an eleva
ted percentage of BM myeloblasts (22 %) 
with stable leukopenia in the peripheral 
blood. Cytogenetic analysis did not show at 
that time the presence oft(8;21). Because of 
the resistance of leukaemia to the applied 
cytostatics, chemotherapy was changed to 
etoposide and amsacrine (VP-16 + AMSA), 
which appeared to be uneffective. In Octo
ber 96 the PR finished and the percentage of 
blasts (M2 type) increased to 93 % and the 
leukocyte count to 56G/l. The karyotype was 
t( 8;21)-positive. Intermediate-dose Ara-C 
with Epi-DX was administered with onlymi
nimal effect. The patient is still alive, karyo
type of her leukemic cells shows the presen
ceoft(8;21). 

Patient 3. Twenty seven-year-old man, an 
electrotechnicist, was admitted to our 
Dept.in March 1995 because of recently (in 
Feb.1995) diagnosed CML presented with an 
elevated WBC count, prominent anaemia 
and thrombocytopenia and low NAP activi
ty. Chromosome Ph was absent in micro
scopic cytogenetic analysis. The patient was 
treated with HU with a good, but only short
lasting response. In May 1995 the leukocyte 
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count rose to 168G/I with 92 % of M2 
blasts. The karyogram from March 1995 
showed t(8;21). Cytostatic therapy, consist
ing of daunorubicin (DNR), Ara-C and VP-
16, was started resulting in PR in July 1995 
and CR with a cytogenetic remission a 
month later. In spite of consolidating 
cytostatic courses the disease relapsed 3 
months later. During the relapse there was 
evidence of CNS leukemia, treated intrathe
cally, as well as of hepatic infiltrations. The 
patient died in April 1996 because of bilate
ral pneumonia, his survival time was 
16 months. 

Methods 

Cytogenetic examinations were performed 
on bone marrow cells from 24 h unstimula
ted cultures at 37°C under 5 % CO-2. A cul
ture medium was RPMI 1640, supplemented 
with 15% FCS and antibiotics. Cells were 
harvested with colcemid, treated with hypo
tonic KCI (0.075 M) and fixed with 75 % me
thanol / 25 % acetic acid. Five-day-old 
airdried slides were treated with trypsin so
lution and stained with Giemsa stain. At 
least 20 GTG-banded metaphases were ana
lysed according to ISCN'91 and ISCN'95 [18, 
19]. 

Results 

Cytogenetic analyses at diagnosis did not 
reveal the presence of chromosome Ph. A 
BC/acceleration of Ph-negative CML was 
thus suspected, suggested by haematologi
cal, cytomorphological and cytochemistry 
data. In patients 1 and 3 the first microscopic 
cytogenetic analyses did not reveal the pre
sence of t(8;21) because of a poor quality of 
metaphases. The abnormality was found 
only on subsequent analysis made 1-2 
months later (Fig. 1). In patient 2 the first 
analysis already showed the presence of 
t(8;21). There was neither cytogenetic nor 
clinical remission in patient 1, and the aber
ration was present in in each examination 
until the patient's death. In patient 2, still ali
ve, partial clinico-haematological remission 
was accompanied by a cytogenetic remis-
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sion. Subsequent cytogenetic analyses 
showed normal karyotypes of bone marrow 
cells. The analyses done at relapse of the di
sease disclosed again t(8;21}. In the patient 
no.3 CR was achieved along with a disappea
rance of t(8;21). The translocation reappear
ed at relapse. Surprisingly, the last cytogene
tic examination, done during the relapse of 
the disease, showed a disappearance of the 
aberration. 

No additional chromosome aberrations 
were found in the patients karyotypes. All 
cytogenetic data are shown in Table 3. 

Discussion 

For many years t( 8;21) was regarded as 
connected with AML M2, although it was 
also found in other AML types, especially 
M1 and M4 (l,11). Recent data showed the 
presence of t( 8;21) in MDS and chronic my
eloproliferative disorders including CML. 
Multilineage involvement of the cells bea
ring t(8;21) and heterogenous immunophe
notypic character of the cells are in favour of 
the occurrence of this aberration at the mul
tipotent stem cell level [3,7,14]. Probably a 
next genetic or regulatory "hits" (e. g., CSF-s 
action) are necessary to push a cell to a par
ticular cell compartment, preferentially the 
myeloid one [11]. Recent data directly pro
ved that t(8;21)-positive cells can undergo 
granulocytic as well as monocytic differen
tiation [3]. 

Our patients primarily diagnosed as hav
ing BC/acceleration of CML showed an ex
cessive differentiation of myeloid cells along 
with low NAP activity. The percentage of my
eloblasts was insufficient to diagnose an 
overt leukemia as well as a blastic crisis in pa
tient no. 2, so an acceleration was suspected. 
The following clinical course - a progression 
of the disease to an overt leukemia, as well as 
permanent lack of Ph chromosome and the 
presence or absence of t( 8;21) according with 
clinical state - enabled to change the diagno
sis, which was supported by the fact that 
t(8;21) is extremely rare in BC of Ph-positive 
CML [16,17] and practically absent in Ph-ne
gative CML [11]. An adverse suggestion was 
given by the lack of additional aberrations, 
what is rare in AML M2 and frequent in CML 
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Fig.l. Karyotype of bone marrow cells of patient no. 3: 46,XY,t(8;21). Arrowheads sfiow abnormal chromo
somes 

Table 3. Sequential cytogenetic data in patients with AML-M2 with excessive myeloid differentiation 

No.of 
patient 

1. 

2. 

3. 

PR 

PR 
CR 

Clinical 
course 

Diagnosis - 11.1993 
- 01.1994 
-02.1994 

Diagnosis - 11.1995 
- 04. 1996 
- 07.1996 

Relapse - 11.1996 
- 01.1997 

Diagnosis - 02.1995 
- 03.1995 
- 05.1995 
-09.1995 

Relapse - 11.1995 
-12.1995 

PR - partial remission, CR - complete remission 

(1). Some other clinical data of our patients -
young age, easily obtained remission, but 
with rapid relapse - were consistent with 
those concerning M2/t(8;21), described by 
other authors [8,9,10). 

Although AML M2 shares some haemato
logical, cytomorphological, cytochemical 

Karyotype 
of bone marrow 
cells 

Ph( -) - microscope analysis 
46,XX,t(8:21)[26] 
46,XX,t(8;21)[22] 

46,XX,t(8;21)[26] 
46,XX[29] 
46,XX[21] 
46,XX,t(8;21)[33] 
46,XX,t(8;21)[20] 

Ph( -) - microscope analysis 
46,XY,t(8;21) [16]/46,XY[ 6] 
46,XY,t(8;21)[32] 
46,XY[39] 
46,XY,t(8;21) [16]/46,XY[ 4] 
46,XY[20] 

and cytogenetic features with CML-BC (10), 
a differential diagnosis of both diseases is 
possible on the basis of cytogenetic, molecu
lar and haematological changes during the 
course of the disease. Presented results 
showed that having such an approach it was 
possible to diagnose properly our patients. 
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The Prognostic Impact of Trisomy 8 in Acute Myeloid Leukemia: 
Do Accompanying Aberrations Influence Prognosis? 
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Abstract. Trisomy 8 is the most common nu
merical chromosome aberration in acute 
myeloid leukemia (AML). It occurs either as 
the sole anomaly or together with other clo
nal chromosome aberrations. Since inter
phase cytogenetics with centrometric pro
bes for chromosome 8 have become more 
popular as a diagnostic tool in AML, we ad
dressed the question whether the informa
tion of the existence of trisomy 8 alone is suf
ficient for the prediction of prognosis. Since 
1986 847 patients with AML were successful
ly karyotyped within the AMLCG-trials. The 
overall incidence of trisomy 8 was 8.5%. For 
51 patients complete follow-up data were 
available. Patients were divided into three 
different categories: group 1: trisomy 8 as 
the sole cytogenetic anomaly (n = 20), group 
2: trisomy 8 in addition to favorable chro
mosome aberrations (t(8;21)(q22;q22), 
t{l5;17)(q22;q21), inv{l6)(p13q22)) (n = 10) 
and group 3: trisomy 8 accompanied by 
other anomalies, in most cases of complex 
type (n = 21). Event-free survival (EFS) at 3 
years differed significantly between patients 
with trimosy 8 as the sole cytogenetic an
omaly (EFS 37.5%), patients with trisomy 8 
in combination with t(8;21)(q22;q22), 
t{l5;17)(q22;q21) or inv{l6)(p13q22) (EFS 

55%) and patients with trisomy 8 and 
other accompanying anomalies, mostly 
complex chromosome aberrations (EFS 
9%). Therefore, patients with trisomy 8 as 
the sole cytogenetic anomaly have an inter
mediate prognosis. Patients with favorable 
chromosome aberrations and trisomy 8 
maintain a good clinical outcome. Trisomy 8 
in combination with complex anomalies 
leads to the worst prognosis. The detection 
of trisomy 8 using interphase cytogenetics is 
not sufficient to determine prognosis. A 
complete karyotype analysis is necessary to 
define the biological entities in AML. 

Introduction 

Chromosome aberrations have been shown 
to constitute markers of diagnostic and pro
gnostic value in acute myeloid leukemia 
(AML). For several cytogenetic anomalies a 
correlation with patients outcome was ob
served in larger series. Under currently used 
treatment protocols patients with 
t(8;21)(q22;q22), inv(16)(p13q22) or 
t{l5;17)(q22;q21) show high complete re
mission rates and achieve long-term dis
ease-free survival [1,2]. In contrast, patients 
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with -515q-,-717q- or complex karyotype an
omalies respond badly to therapy resulting 
in short survival times [3,4]. 

Although trisomy 8 is the most common 
numerical chromosome aberration in acu
te myeloid leukemia (AML) only few data 
are available concerning its prognostic im
plication. Trisomy 8 occurs as a solitary 
change in 5-6% of all cytogenetically ab
normal acute myeloid leukemias. If those 
with +8 and additional aberrations are 
counted, this frequency doubles [5]. Most 
studies show an intermediate [6-10] or 
bad prognosis [11-15] of patients with +8. 
Due to the small number of cases reported 
in each study, patients were not further 
subdivided according to the chromosome 
aberrations that occurred in addition to 
trisomy 8. Since interphase cytogenetics 
with centromeric probes for chromosome 8 
became more popular as a diagnostic tool 
in AML, we adressed the question whether 
the only information of the existence of tri
somy 8 in AML using FISH is sufficient to 
define prognosis. 

Material and Methods 

Since 1986, 847 patients were sucessfully 
karyotyped within the multicenter trials of 
the German cooperative AML study group. 
The overall incidence of trisomy 8 was 8.5%. 
Twenty-one patients were excluded due to 
various reasons (secondary AML, contrain
dications against therapy protocol, protocol 
violations). complete follow-up data were 
available for 51 patients with de novo AML. 

All patients were treated according to the 
protocols of the German cooperative AML 
study group AMLCG using 6-thioguanine, 
cytosine arabinoside, daunorubicin and 
mitroxantrone [16, 17]. Chromosome analy
ses were performed according to standard 
protocols using G- or R-banding. The chro
mosomes were classified according to the 
ISCN [18]. 
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Results 

Clinical, Morphological and Cytogenetic Data 

Fifty-one patients with complete follow-up 
data and trisomy 8 were divided into three 
different categories: group 1: trisomy 8 as 
the sole cytogenetic anomaly, group 2: tri
somy 8 in addition to favorable chromo
some aberrations and group 3: trisomy 8 ac
companied by other anomalies. 

Group 1. In 20 patients the gain of one chro
mosome 8 was the only chromosome aber
ration observed. Fourteen patients were 
male, 6 female. The median age was 57 years 
(range 24 to 76 years). According to FAB-cri
teria bone marrow specimen of five patients 
each were classified as AML Ml, M2 and M5, 
in three patients AML M4 and in one patient 
AML M6 was diagnosed. Figure 1 shows a 
karyotype of a patient with trisomy 8 as the 
sole anomaly. 

Group 2. In ten patients trisomy 8 was obser
ved in addition to a favorable chromosome 
aberration, in two patients each in addition 
to t(8;21)(q22;q22) and (15;17)(q22;q21) 
and in six patients together with 
inv(16)(p 13q22). The sex ratio was balanced. 
The median age was 47 years (range 24 to 53 
years).AML of both patients with t(8;21) was 
classified as AML M2. Both cases with 
t(15;17) showed AML M3 and in all six pati
ents with inv(16) AML M4eo was diagnosed. 
In Fig. 2 a karyotype of a patient with 
t(15;17) and +8 is presented. 

Group 3. In 21 patients trisomy 8 was accom
panied by other anomalies. In 18 cases tri
somy 8 occured within complex karyotype 
(three or more numerical andlor structural 
chromosome anomalies). Seven patients 
were male, 14 female. The median age was 57 
years (range 26 to 75 years). All FAB-subty
pes were observed in this group with the ex
ception of AML MO and AML M3. Figure 3 
shows a complex aberrant karyotype inclu
ding trisomy 8. 

Patients with +8 and favorable chromoso
me aberrations were significantly younger 
than patients with only +8, or +8 and other 
abnormalities (median age 47 vs. 57 vs. 57 
years) (p < 0.05). While the sex ratio was ba-
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Fig. 1. G-banded karyotype of a patient withAML M2: 47,XY,+8 (example for group 1) 
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Fig. 2. G-banded karyotype of a patient with AML M3: 47,XY,+8,t(15;17)(q22;q21) (example for group 2) 

lanced in the group of patients with trisomy 
8 in addition to favorable anomalies male 
gender predominated in the group with 
only +8 (male: female = 2.3:1) and female 
gender in the group with +8 and other an-

omalies (male: female = 1:2). No significant 
differences between the groups were obser
ved concerning leukocyte count, platelet 
count and hemoglobin concentration at 
diagnosis. 
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Fig. 3. G-banded karyotype of a patient with AML M4: 47,XX,del(6)(q21q2S), +S, del(1l)(q21q2S), 
del(lS)(q24) (example for group 3 with complex anomalies) 

Clinical Outcome 

Patients with +8 and favorable anomalies 
(group 2) had the highest complete remis
sion rate (90%) and the lowest relapse rate 
(11 %) compared to patients with only +8 
(group 1: CR 70%, relapses 50%) and pati
ents with +8 and other abnormalities (group 
3: CR 67%, relapses 78.6%). Median event
free survival differed significantly between 
group 1 and group 3 (5 vs. 2 months, p = 
0.005) and between group 2 and group 3 (not 
reached vs. 2 months,p = 0.05). 

Figures 4 and 5 show the event-free and 
the overall survival curves of 51 patients 
with trisomy 8 divided in three prognostic 
subgroups. 

Table 1. Clinical outcome 

Group n CR EFS 

Therefore, patients with trisomy 8 as the 
sole cytogenetic anomaly have an inter
mediate prognosis. Patients with favorable 
chromosome aberrations and trisomy 8 
maintain a good clinical outcome, while tri
somy 8 in combination with complex an
omalies determines the worst prognosis. 

Discussion 

Data on clinical outcome of patients with 
AML and trisomy 8 are reported from sever
al large cytogenetic studies. Percentages of 
patients with +8 who achieved CR varied 
between 29% and 91 % (Mrozek et al. 1997). 
These differences may be related to the very 

EFS OS OS 
(median) (at 3 years) (median) (at 3 years) 

Only+S 20 70% Smonths 37.S% 20.Smonths 49.0% 
+S and favorable 10 90% Not reached SS.O% Not reached S6.0% 
+S and other/complex 21 67% 2 months 9.0% Smonths 1S.0% 

EFS: event-free survival, OS: overall survival. 
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small number of patients in some reports 
and to the cytogenetic heterogeneity of the 
cases. In most studies not only cases with 
isolated trisomy 8 were included but also pa
tients who had other anomalies in addition 
[6,9, II, 14, 19,20,21]. Only four studies re
port on survival data with +8 as the sole an
omaly [7,8, 10, 15]. Complete remission rates 
vary from 51 to 91 % and long term survival 
in first complete remission from 5 to 37.5%. 

These variances maybe either due to differ
ences in patient characteristics or in treat
ment protocols. Using a therapy protocol 
with double induction combined with con
solidation and bone marrow transplanta
tion or maintenance therapy as in our study 
yields a high remission rate of 70% resulting 
in an overall survival of 49% at 3 years. 

Furthermore, our study shows that the 
chromosome anomalies accompanying tri-
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somy 8 have a crucial influence on clinical 
outcome. Therefore, the detection of tri
somy 8 alone using interphase cytogenetics 
(FISH) is not sufficient to determine pro
gnosis. A complete karyotype analysis also 
detecting the accompanying anomalies is 
necessary to define the biological entities in 
AML. 
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G-CSF Increases the Number of Trisomy 8 Metaphases in Vitro in Patients 
with Acute Myeloid Leukemia or Myelodysplastic Syndrome 

C. SCHOCH, E. CREMER, D. HAASE, B. W ORMANN, and W. HIDDEMANN 

Abstract. G-CSF (granulocyte colony stimu
lating factor) is either used to shorten the 
duration of neutropenia after cytotoxic 
therapy or as an agent to induce prolifera
tion in malignant blasts to increase their 
susceptibility to chemotherapy ("priming" 
concept). We addressed the question, wheth
er in vitro G-CSF stimulation of bone mar
row cells of patients with myelodysplastic 
syndrome (MDS) or acute myeloid leukemia 
(AML) induces proliferation of normal cells 
and/or the malignant clone. Therefore, we 
incubated bone marrow samples of ten pa
tients with trisomy 8 for 24,48 or 72 h in par
allel in medium with or without addition of 
G-CSF (Neupogen, Fa. Amgen). G-CSF in
creased the total number of mitosis signifi
cantly 1.3- to 13-fold. Furthermore analyses 
by fluorescence in situ hybridization with a 
chromosome 8 specific centromer probe 
showed an increase of the percentage of 
aberrant metaphases. The absolute number 
of aberrant metaphases increased signifi
cantly in patients with AML after G-CSF
stimulation (p = 0.02). In the interphase 
compartment no shift was observed 
between the normal cell population and the 
aberrant cell clone. Our in vitro data show 
that G-CSF in patients with trisomy 8 prefe
rentially stimulates the aberrant cell clone to 
proliferate and therefore a G-CSF applica
tion before cytotoxic treatment may have 
the potential to recruite malignant blasts 
into a susceptible state in this subgroup of 
patients. 

Introduction 

Several clinical trials showed that G-CSF de
creased the duration of neutropenia in pa
tients treated for acute myeloid leukemia 
(AML) [1,2,3]. No significant increase in the 
incidence of drug-resistent leukemia was ob
served in trials using G-CSF after completion 
of chemotherapy. Other trials administered 
G-CSF or GM-CSF [1,2] either before or si
multaneously with chemotherapy to en
hance chemosensitivity and decrease drug 
resistance ("priming" concept). There are 
data from 10 clinical studies using growth 
factors before or simultaneously with chem
otherapy and results are contradictory [1,2]. 
This may be due to treatment protocols and 
heterogenous patient groups leading to the 
speculation that some subgroups of patients 
may benefit and some do worse. 

Heil et al. [4] supported this hypothesis, 
they observed an age-dependent effect of 
GM-CSF on treatment outcome in their trial. 
While outcome of patients younger than 50 
years appeared to be improved by GM-CSF, 
the survival rate of patients aged over 50 years 
seemed to be impaired under GM-CSF. Buch
ner et al. [5] concluded from their data that 
age and karyotype may determine the thera
peutic or adverse effects of GM-CSF multiple 
course priming in patients with AML. In vitro 
data from Jahns-Streubel et al. [6] also 
strengthen the hypothesis that only certain 
subgroups of patients may benefit from pre
therapeutic stimulation with GM-CSF. 

Department of Hematology, University of G6ttingen, Germany 

265 



Therefore, we decided to investigate G
CSF stimulation of bone marrow cells in vi
tro in a defined subgroup of patients with 
myelodysplastic syndrome (MDS) or acute 
myeloid leukemia (AML). 

Material and Methods 

Bone marrow samples of ten patients with 
trisomy 8 and five patients with normal kar
yotype were incubated for 24, 48 or 72 h in 
medium with or without addition of G-CSF 
(Neupogen,Amgen). 

Fluorescence in situ hybridization (FISH) 
was performed on bone marrow cells pre
pared as for conventional cytogenetics. An 
alpha satellite chromosome 8 specific DNA 
probe detecting the highly repeated alphoid 
sequences on the centromeric region of 
chromosome 8 was used (CEP 8 labeled with 
spectrum orange, VYSIS, Stuttgart, Germa
ny). The hybridization was performed ac
cording to the protocol of the manufacturer. 

Specimens from 5 patients with AML and 
normal karyotype (controls) and from 10 
patients with trisomy 8 were analysed. In 
eight patients trisomy 8 was the sole anoma
ly (2 MDS, 2 AML de novo, 4 secondary 
AML), in two cases trisomy 8 was accompa
nied by other clonal aberrations. Signals 
were counted in 500 interphase nuclei in con
troIs and in 1 000 interphase nuclei in pa
tients with +8. All detectable meta phases 
were analysed as well. 

Results 

Controls 

In the five control patients two signals were 
detected in 94.0-97.0% (mean 95.6%), one 
signal in 1.6-4.1 % (mean 2.5%) and three sig
nals in 0.2-2.5% (mean 1.1 %). No differences 
were observed in specimens prepared from 
cultures with or without G-CSF stimulation. 

Patients with Trisomy 8 

Clinical and cytogenetic data of ten patients 
with trisomy 8 are shown in Table 1. 
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Table 1. Clinical and cytogenetic data 

Patient Diagnosis 
no. 

Karyotype 

1 MDS RAEB 47,XX, +8[IS]/46,XX [2] 
2 MDS RAEB 47,XY,+8[2S] 
3 AML after MDS 47,XX,+8[19]/46,XX[S] 
4 AML after MDS 47,XY,+8[S]/46,XY[20] 
5 AML after MDS 47,XY,+8[20]/46,XY[3] 
6 AMLafter 47,XY,+8[21]/46,XY[4] 

chemotherapy 
7 AML 47,XY,+8[8]/46,XY[17] 
8 AMLMSa 47,XY,+8[13]/46,XY[1l] 
9 AML M4eo 46,XX,inv(16)(p13q22)[19] 

47,idem,+8[3] 
10 MDSRA 46,XY,t(20;21)(qlO;qll)[I]/ 

47;idem,+8[9]/47, 
idem,t(7;8)(p22;q22),+8[3] 

In the interphase compartment the ratio of 
normal and aberrant cells did not differ 
between cultures with or without G-CSF. 
Specimens obtained from cultures without 
G-CSF showed two signals in 28.3 to 90.9% 
(mean 62.3%) and three signals in 6.6 to 
71.2% (mean 36.3%). Cells after G-CSF stim
ulation showed two signals in 25.5 to 95.3% 
(mean 63.5%) and three signals in 3.4 to 
73.4% (mean 35.3%). 

G-CSF increased the total number of de
tectable metaphases significantly 1.3- to 13-
fold. In unstimulated cultures 3 to 20 meta
phases (mean 11) were detectable compared 
to 4 to 70 (mean 35.9) in the stimulated cul
tures (p = 0.026). 

The mean percentage of aberrant meta
phases increased in G-CSF stimulated cul
tures. The mean propotion of aberrant met
aphases was 42.5% in unstimulated cultures 
and 55% in G-CSF stimulated cultures. The 
absolute number of aberrant metaphases 
also increased significantly after G-CSF 
stimulation (p = 0.02). The mean number of 
aberrant metaphases generated from un
stimulated cultures was 6.25 and 12 in G-CSF 
stimulated cultures, respectively. 

Discussion 

G-CSF is administered to patients with AML 
in order to overcome two limitations of 
chemotherapy, myelotoxicity as well as 
chemoresistance. The latter concept is based 



Table 2. Results ofFISH-analysis 

Patient no. Cultivation Interphase nuclei Metaphases 

Total 2 signals 3 signals Total 2 signals 3 signals 
(0/0) (0/0) (0/0) (0/0) 

Without G-CSF 1000 68.7 29.0 3 0 100 
WithG-CSF 1000 75.0 23.0 4 25 75 

2 Without G-CSF 1000 42.1 56.5 5 40 60 
WithG-CSF 1000 33.0 65.9 70 0 100 

3 Without G-CSF 1000 58.3 40.2 15 67 33 
WithG-CSF 1000 56.7 41.4 23 48 52 

4 Without G-CSF 1000 90.3 6.6 16 100 0 
WithG-CSF 1000 95.3 3.4 39 95 5 

5 Without G-CSF 1000 38.7 59.7 20 5 95 
WithG-CSF 1000 25.5 73.4 28 3 97 

6 Without G-CSF 1000 28.3 71.2 0 No data No data 
WithG-CSF 1000 34.7 64.2 0 No data No data 

7 Without G-CSF 1000 90.8 8.7 10 90 10 
WithG-CSF 1000 90.8 8.9 35 80 20 

8 Without G-CSF 1000 41.6 57.1 0 No data No data 
WithG-CSF 1000 64.5 31.6 0 No data No data 

9 Without G-CSF 1000 90.9 7.1 14 79 21 
WithG-CSF 1000 86.6 12.0 75 71 29 

10 Without G-CSF 1000 72.9 26.4 5 80 20 
WithG-CSF 1000 70.5 29.2 l3 38 62 

Table 2 gives detailed data on the results of FISH -analysis. 

on the asumption that G-CSF recruites 
chemoresistant resting leukemic cells into 
sensitive phases of the cell cycle. In vitro 
studies showed that growth factors are able 
to promote growth of AML cells. In vivo ef
fects of G-CSF on AML cells were examined 
byBaer etal. [7].In 27 of28 analysed patients 
an increase in at least one of the following pa
rameters after 72-hour intravenous infusion 
of G-CSF was observed: blood blasts, bone 
marrow blasts, leukemia cells in S-phase or 
interphase cells with leukemia-specific 
markers shown by FISH. The authors con
clude that the percentage ofleukemic cells in 
S-phase increases and that leukemic cell pop
ulations undergo expansion during short
term administration of G-CSF in almost all 
AML patients. 

Although experimental data seem to sug
gest that therapy protocols using "priming 
strategies" may be more effective than con
ventional treatment protocols, data obtained 
from clinical trials are controversial [1, 2]. 
This may be due to the fact that the beneficial 
effects of priming regimens in certain sub
groups of patients may be balanced or out
weighed by deleterious effects in certain oth
er subgroups. The aim of our study was to es-

tablish an in vitro system that allows to ana
lyse, whether G-CSF stimulates preferentially 
the proliferation of leukemic or of normal 
hematopoietic cells in a cytogenetically de
fined subgroup of patients. Our data show 
that G-CSF in patients with trisomy 8 stimu
lates the proliferation of the aberrant cell 
clone to a greater extent than the normal he
matopoietic cell population detected by 
metaphase analysis. Therefore, a G-CSF ap
plication before cytotoxic treatment may 
have the potential to recruite malignant 
blasts into a susceptible state in this subgroup 
of patients. Correlation with clinical data are 
needed to determine whether an in vitro test 
could help to differentiate between patients 
who might benefit from G-CSF use in a prim
ing setting and those who might not. 
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Abstract. Successful cytogenetic examina
tions were performed in 362 pts. with MDS, 
diagnosed according to the FAB-criteria. 
Only cases with unequivocal morphology 
and cytogenetics were included in this 
study. Evaluation, classification and docu
mentation of karyotype abnormalities were 
performed according to the ISCN. A total of 
535 examinations was performed. 161 pts. 
were of female-, 20 1 of male gender. Patients' 
age ranged between 0.2 and 86 years with a 
median of 59 years. Three age groups were 
examined: <16 years, 16 - 60 years and >60 
years. The distribution of MDS-subtypes 
was: RA (65 pts./18%), RARS (2817.7),RAEB 
(68/18.8), CMML (41111.3), RAEB-T 
(48/13.3),AML after MDS (61116.9),ALL af
ter MDS (3/0.8), biphenotypic AL after MDS 
(l/O.3),no classification (47/13)_21 pts_had a 
secondary MDS. The median number of 
metaphases analyzed was 27 (range 3 to 
194).191 (52.8%) ofpts.showed clonal chro
mosome abnormalities. Frequency of clonal 
anomalies in MDS-subgroups was 43.1 % in 
RA,28.6% in RARS,52.9% in RAEB,41.5% in 
CMML, 68.8% in RAEB-T, and 63.1% in 
akute leukemias following MDS (MDS-AL). 
Non-clonal karyotype instability occurred 
in 47 (13.0%) pts .. The mean number of ab
normalities per case was 1.5 in RA, 2.5 in 
RARS, 3.8 in RAEB, 1.6 in CMML, 3.3 in 
RAEB-T, 5.1 in MDS-AL. The most frequent 

karyotype abnormalities were: 5q- in 58 pts. 
(30.5% of abnormal cases), -7 in 43 (22.6%) 
pts., +8 in 39 (20.5%), -20/20q- in 19 (10.0%) 
pts., trisomy of 1q in 18 (9.5%) pts., 12p-ab
normalities in 18 (9.5%) pts., -18118q- in 17 
(8.9%) pts. , 3q2113q26-abnormalities in 15 
(7.9%) pts .. Complex chromosome anoma
lies occurred in 58 (l6.0%) pts .. An evolution 
of karyotype was observed in 48 (l3.3%) 
pts.. Seven pts. displayed independent 
clones. Median survival was> 60 months in 
pts. with a normal karyotype, 18.6 months in 
pts. with one or two abnormalities and 3.4 
months in pts. with complex karyotype ab
normalities; differences were highly signifi
cant (normal vs. complex p<O.OOOl; non
complex abnormal vs. complex abnormal 
p < 0.0001. Further cytogenetic findings and 
their clinical correlations are discussed. 

Introduction 

Myelodysplastic syndromes (MDS) com
prise a heterogenous group of clonal disor
ders affecting hematopoietic stem cells [1,2, 
3]. The clinical picture ofbi- or pancytope
nia is caused by qualitative and quantitative 
bone marrow dysfunction. MDS are classi
fied on a morphological basis [4] and are 
considered preleukemic disorders since in 
one third of cases a transformation to acute 
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40,37075 G6ttingen, Germany 
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leukemia occurs [5]. Clonal chromosome 
abnormalities have been observed in up to 
80% of patients with MDS [6] and prove 
these syndromes to be real neoplastic. In 
clinical studies it was demonstrated that 
some karyotypic changes are strongly corre
lated with a high risk of leukemic transfor
mation [6, 7] irrespective of the FAB-sub
type. In multivariate analyses distinct kar
yotype abnormalities like chromosome s
and 7 -anomalies turned out to be the most 
important factors for remission rate and 
survival [8,9,10]. However, since karyotype 
abnormalities in MDS show a marked het
erogeneity little is known about the prog
nostic impact of distinct single abnormal
ities which can be regarded as delineating 
genetic entities. 

It was our aim to examine the prognostic 
impact of general karyotypic changes and 
distinct cytogenetic subgroups in MDS. 
Their relation to the FAB-classification, age 
and clinical course was analysed in a popula
tion of 362 patients with MDS. 

Material and Methods 

Patients 

In this study, cytogenetic findings of 362 pa
tients with MDS were evaluated. Only pa
tients with unequivocal diagnosis of MDS 
according to the FAB -criteria were taken 
into account. Patients' blood and bone-mar
row specimens were sent for cytogenetic ex
amination to the Medical University of 
Lubeck and the University of Gottingen 
between 1982 and 1996. Patients' age ranged 
between 0.2 and 86 years with a medium of 
59 years. Based upon the age, they were cate
gorized into three groups: < 16 years, 16 -
60 years, > 60 years. 201 patients were of 
male gender, 161 of female gender. The dis
tribution of MDS-subtypes was: RA (65 pts. 
/18.0%), RARS (28/7.7 ), RAEB (68 / 18.8), 
CMML (41 / l1.3),RAEB-T (48/13.3),AML 
after MDS (61 / 16.9), ALL after MDS (3 / 
0.8), biphenotypicAL after MDS (1/ O.3),no 
classification (47 / 13). Patients with MDS
AML, MDS-ALL and MDS-biphenotypic AL 
were summarized in one group: MDS-AL 
(65 pts. / 18%).21 patients had a secondary 
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MDS after radiation, chemotherapy and / or 
other mutagen exposure. 

Cytogenetics 

Chromosome analyses were performed on 
short-term (0.5,24,48 and 72 h) cultures of 
bone marrow and unstimulated peripheral 
blood. The number of completely analyzed 
metaphases ranged between 3 and 194 with 
a median of 27 metaphases. Evaluation and 
documentation of cytogenetic findings was 
performed according to the ISCN [11]. A to
tal of 535 examinations were completed. The 
first succsessful one of each patient was tak
en into account. A successful examination 
was defined as a minimum of 10 evaluated 
normal metaphases or the proof of a clonal 
abnormality in abnormal metaphases. In 
patients with a normal karyotype, deletions, 
translocations, gain of whole chromosomes 
and double minutes in single cells as well as 
chromosome- and chromatid breaks were 
classified as non-clonal karyotype instabil
ity. Abnormalities per case were counted as 
published [12]. 

Statistics 

For the calculation of survival-prop ability 
the Kaplan-Meier method [13] was used. 
Significance testing was performed using 
the Mantel-Haenszel-Chi-square test. 

Results 

General Karyotypic Changes 

The overall rate of clonal chromosomal -
aberrations was 52.8% (191 of 362 pts.). 
There were significant differences within 
the age- and FAB-subgroups. The highest 
rate of aberrations was found in secondary 
MDS, where 17 of 21 pts. had clonal aberra
tions (81 %). Within the FAB-subgroups, the 
highest incidence was found in RAEB-T 
(68.8% aberration rate), followed by MDS
AL (63.1%), RAEB (52.9%), RA (43.1%), 
CMML (41.5%) and finally, RARS (28.6%). 
In the age groups, older patients had a high-



Table 1. General cytogenetic findings in FAB and age groups 

n Aberr.' NN' NA' AA' Com.' Evol.' N-cl.l.' A/ case 

RA 65 43.1 56.9 33.8 6.2 4.6 12.3 27.7 1.5 
RARS 28 28.6 71.4 17.9 10.7 3.6 3.6 17.9 2.5 
RAEB 68 52.9 47.1 36.8 16.2 20.6 16.2 14.7 3.8 
CMML 41 41.5 58.5 22.0 19.5 4.9 7.3 7.3 1.6 
RAEB-T 48 68.8 31.3 41.7 27.1 27.1 14.6 4.2 3.3 
MDS-AL 65 63.1 36.9 30.8 32.3 33.8 21.5 6.2 5.1 
No class. 47 59.6 40.4 36.2 17.0 6.4 8.5 10.6 2.2 
s-MDS 21 81.0 19.0 28.6 52.4 52.4 23.8 9.5 4.8 
< 16 years 35 42.9 57.1 25.7 14.3 0.0 2.9 5.7 1.3 
16-60 years 152 48.7 51.3 30.3 17.8 12.5 11.2 ll.8 2.7 
> 60 years 167 56.9 43.1 36.5 20.4 22.8 17.4 16.2 3.9 
All pts. 362 52.8 47.2 32.6 18.8 16.0 13.3 13.0 3.2 

• Percentage of all patients; Aberr: Aberrations; NN: Only normal cells; NA: Mosaic of normal and abnormal 
cells; AA: Only abnormal cells; Com: Complex aberrations; Evol: Evolution of karyotype; N -cl.I: Non-clonal-
karyotype instability; A/case: Aberrations per case (mean value). 

er frequency of aberrations as compared to 
younger ones. Aberration rates were 42.9% 
«16 years), 48.7% (16-60 years) and 56.9% 
(>60 years). Complex abnormalities were 
absent in pts. <16 years, amounted to 12.5% 
in pts. between 16 and 60 and showed the 
highest frequency with 22.8% in pts. >60 
years. Comparable correlations were ob
served for the phenomenon of karyotype 
evolution. In the MDS-subtypes the percent
age of karyotypic evolution ranged between 
3.6 % in RARS and 21.5 % in MDS-AL. More 
details are shown in Table LA mosaic of nor
mal and abnormal cells (NA) was observed 
in 118 pts., 68 pts. had only abnormal cells 
(AA) in their cytogenetic examination. 
Complex aberrations occured in 58 pts. 
(16.0%). Due to the overrepresentation of 
NN-karyotypes, non-clonal karyotype in
stability was high in early stages ofMDS.Ab
errationsl case ranged between 1.5 in RA and 
5.1 in MDS-AL (mean value). 

Distinct Cytogenetic Abnormalities in FAB and 
Age Groups 

Most frequent distinct chromosome abnor
malities in our study were 5q- (30.5% of ab
normal cases), -7 (22.6%), +8 (20.5%), 
-20/20q- (10%), + 1q (9.5%), abnormal 12p 
(9.5%), -18/18q- (8.9%), 3q211q26-abnor
malities (7.9%). 

The deletion of parts of the long arm of 
chromosome 5 (5q-) with different break-

points but the commonly deleted band 5q31 
is the most frequent abnormality in patients 
with MDS, affecting all FAB-subgroups with 
the highest relative frequencies in RA 
(39.3%), RAEB (33.3%), RAEB-T (39.4%), 
secondary MDS (47.1 %), patients aged 16-60 
(29.7%), and patients aged> 60 (33.7%). 
This abnormality is considered to have a 
good prognosis as single abnormality. In 
RA, it was mostly present as a sole abnor
mality (7 of 11 pts. I 63.6 % of all RA-pts. 
with 5q- ; data not shown) while in ad
vanced stages of MDS 5q- occurs mainly 
within complex abnormal karyotypes (9 of 
l3 pts.1 69.2% of all RAEB-T - patients with 
5q- ). 

As published, [14, 15] monosomy of chro
mosome 7 is the most frequent clonal abnor
mality in pediatric patients suffering from 
MDS. In this study, -7 occurred in more than 
one half of patients aged younger than 
16 years (53.3%). For further details, see Ta
ble 2, in which the percentage of the most 
frequent clonal abnormalities within age
and subgroups is given: 

Correlation of Cytogenetic Findings with Survival 

Followup data of 166 pts. were correlated 
with cytogenetic findings. In 70 pts. with a 
normal karyotype the mean survival was 
not reached as yet,S years survival was 52%. 
Pts. with a mosaic of normal and abnormal 
cells (NA) had a mean survival of 16.4 
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Table 2.Distinct cytogenetic abnormalities in subgroups 

n 5q-( % a) -7( % a) +8(%a) -20/20q-( % a) +lq( % a) 

RA 28 39.3 7.1 14.3 21.4 10.7 
RARS 8 25.0 25.0 25.0 12.5 0.0 
RAEB 36 33.3 27.8 22.2 13.9 19.4 
CMML 17 5.9 35.3 17.6 0.0 17.6 
RAEB-T 33 39.4 21.2 12.1 12.1 6.1 
MDS-AL 41 29.3 19.5 34.1 7.3 7.3 
s-MDS 17 47.0 29.4 0.0 11.8 0.0 
< 16 15 6.7 53.3 20.0 0.0 6.7 
16-60 74 29.7 13.5 23.0 lO.8 9.4 
>60 95 33.7 25.3 20.0 11.6 10.5 
All pts. 191 30.5 22.6 20.5 10.0 9.5 

a Percentage of patients with clonal chromosomal abnormalities. 

months as compared to 8.2 months in pts. 
with only abnormal cells (AA). The differ
ences between NA and AA were significant 
and highly significant between AA and NN. 
The presence of an evolution of the karyo
type (KE) lead to a mean survival of 3.9 
months as compared to 19.3 months in pts. 
without KE, the difference was highly signif
icant. Pts. with complex abnormalities (CA) 
had a mean survival time of 3.4 months 
while mean survival in pts. with abnormal
ities other than complex was 18.6 months. 
The differences between normal karyotype 
and complex abnormalities and complex ab
normalities and other than complex abnor
malities were highly significant. More de
tails are given in Table 3, see also figs. 1 to 7. 

Discussion 

The overall rate of clonal chromosomal ab
normalities (52.8%) in this study is in good 
confirmity with those from other extended 
studies [10,16]. Within the FAB groups, the 
highest rates were found in advanced stages 
of MDS (RAEB : 52.9% RAEB-T: 68.8%), 
while in RARS only 28.6% of pts. had an ab
normal karyotype. This is in line with the as
sumption that RARS seems to own the high
est (cyto)genetic stability [17]. We observed 
a correlation between the frequency of com
plex abnormalities and clonal evolution on 
the one hand and advanced MDS-stage and 
pts. age >60 on the other hand with the ex
ception of CMML. Remarkably, none of the 
pediatric patients had complex cytogenetic 
changes. The assumption that cytogenetic 
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abnormalities accumulate in old patients is 
furthermore supported by the finding that 
not only complex abnormalities and clonal 
evolution but also non-clonal-instability is 
increased pts. >60 years as compared to pe
diatric patients (16.2 vs. 5.7%). The prognos
tic impact of a mosaic of normal and abnor
mal cells (NA-karyotype) is discussed con
troversally [18, 19]. We found a statistically 
significant survival benefit for pts. with NA
vs. AA-karyotype (p = 0.0387). An evolution 
of karyotype highly significant worsened 
the prognosis (p = 0.00031) as compared to 
pts. without this cytogenetic finding. 

We furthermore examined the prognostic 
impact of the most frequent abnormalities 
as sole changes, as changes accompanied by 
other single abnormalities and as part of 
complex abnormalities. As yet we could not 
find statistically significant differences for 
5q- (data not shown) and monosomy 7 
under the above mentioned conditions, 
which might possibly be due to the low num
ber of pts. examined. However, differences 
were significant for trisomy 8 alone vs. 
trisomy 8 + complex abnormalities 
(p = 0.0402). The prognostic impact of a 
20q- abnormality is discussed controversal
ly [20,21]. We found a significant survival 
benefit for pts. with -20120q- alone vs. 
-20120q- and complex abnormalities pos
sibly explaining the discrepancies found in 
the literature of the outcome of pts. with this 
abnormality. Comparing the extent of cy
togenetic changes measured as aberrations 
per case a significant disadvantage was ob
served whenever more than 4 abnormalities 
were present. 



Table 3. Prognostic impact of cytogenetic subgroups 

Category 
(n = number of pts.) 

NA 
(n=S9) 
AA 
(n=34) 

Karyotype evolution (k.e.) 
(n=26) 
Nok.e 
(n=139) 

Complex anomalies 
(n=31) 
Not complex 
(n=6S) 

+8 alone 
(n=8) 
+8 and complex 
(n=S) 

-20/20q- alone 
(n=S) 
-20120q- and complex 
(n=9) 

p 

Mean survival 
(months) 

16.4 
8.2 

3.9 

19.3 

3.4 

18.6 

12 

3.7 

36.7 

2.2 

Comparison 

NA vs. NN 
NA vs. AA 
AA vs. NN 

k.e. vs no k.e. 

NN vs. complex 
complex vs. not 

+8 vs. +8-complex 

-20120q- vs. -20120q- comp 

Significance 

No 
Yes (p=0.0387) 
High (p=0.0002) 

High (p=0.00031) 

High (p<O.OOOl) 
High (p<O.OOOl) 

Yes (p=0.0402) 

Yes (p=0.0491) 
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Fig.l.Survival curves of patients with normal, non-complex and complex abnormal karyotype Median survi
val was >60 months in patients with normal karyotype (n=70), 18.6 months in pts. with one or two aberra
tions (n=6S) and 3.4 months in pts. with complex (n=31) abnormalities. Differences were highly significant 
for normal vs. complex (p< 0.0001) and for non-complex vs. complex abnormalities (p< 0.0001) 

We conclude that cytogenetics can provide 
decisive prognostic informations which 
might lead to therapeutic decisions. The aim 
to calculate the clinical course in the individ
ual patient however can only be achieved if 
the impact of real single abnormalities (ge-

netic entities) is delineated within large 
scale studies which are rare as yet. From our 
results it can be derived that an individual 
profile of prognostic factors in each patient 
has to consider general and distinct cyto
gentic findings. 
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Fig. 2. Survival curves of patients with NN, NA and AA karyotype. Median survival was >60 months in NN 
karyotype (n=70), 16.4 months in pts. with NA-karyotype (n=59) and 8.2 months in pts. withAA-karyotype 
(n=34). Differences between NN and AA were highly significant (p=0.0002) and significant between NA and 
AA (p=0.0387) 
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(p=0.00031) 
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Abstract. An attractive therapeutic goal in 
the treatment of acute leukemias is to induce 
relatively immature and rapidly growing 
malignant cells to undergo differentiation 
towards a more mature quiescent pheno
type. Various agents have been considered 
for the potential to initiate this process. Two 
related compounds that have potent diffe
rentiation-inducing activities in many cell 
types are the seco-steroid hormones vita
min D3 and retinoids. These compounds 
bind to specific nuclear receptors that act as 
ligand inducible transcription factors and 
thereby initiate a cascade of genomic re
sponses that include inhibition of prolifera
tion and promotion of differentiation. All
trans retinoic acid has proved remarkably 
successful in the clinical treatment of acute 
promyelocytic leukemia. The use of vitamin 
D3 analogs and conformationally restricted 
retinoids have resulted in many advances in 
the understanding of the cellular and molec
ular biology of these potent compounds. 
Many of these developments have great clin
ical potential for the treatment of myeloid 
proliferative disorders. 

Introduction 

Human acute myeloid leukemia (AML) cells 
have a growth advantage as a result of neo
plastic transformation at the stem cell level. 
The resulting cells do not achieve terminal 

differentiation, but rather are interrupted in 
their normal differentiation and remain in 
an immature, proliferative stage, thus rapid
ly accumulating. This results in a variety of 
abnormalities in the peripheral blood 
which include increased susceptibility to 
anemia, infection and abnormal bleeding. 
Various strategies for the treatment of AML 
have been utilized including cytotoxic 
drugs to kill aberrantly proliferative clones, 
chemotherapy and bone marrow trans
plants [1]. However, the high incidence of 
disseminated intravascular coagulation, 
which is often made worse by chemothera
py, initiated a search for alternative thera
pies. In the 1970s, phenotypic reversion by 
induction of differentiation was proposed 
[2]. 

Promotion of differentiation of immature 
malignant clones to a mature, quiescent phe
notype and possibly initiating programmed 
cell death (apoptosis) may eliminate the ma
lignant clones. Studies with either fresh leu
kemic cells and cell lines derived from these 
cells have identified many initiators of diffe
rentiation. Differentiation of these cells can 
be stimulated along various lineages that in
clude the granulocytic or monocytic path
ways. These pathways have various morpho
logical, antigenic, histochemical and func
tional markers that serve as signposts to 
monitor differentiation. 

Various agents have been recognized for 
inducing differentiation to a mature pheno-
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type, including polar-planar drugs, hexa
methylene bisacetamide, prostaglandin Ez, 
interferon [3,4,5,6]. Other physiologic com
pounds include vitamin D3, the vitamin A 
derivatives known as retinoids, and tumor 
necrosis factor alpha. 

Vitamin D and Retinoids Are Seco-Steroid 
Hormones 

la,25 dihydroxyvitamin D3 [la,25(OHhD3] 
and the natural retinoid ligands (All trans 
retinoic acid (ATRA) and 9 cis retinoic acid 
(9cRA» mediate their activity by binding 
with specific nuclear receptors; for instance, 
la,25(OH}zD3, interacts exclusively with 
the vitamin D3 receptor (VDR); ATRA and 
9cRA with the retinoic acid receptor (RAR), 
and 9cRA also binds with the retinoid X re
ceptor (RXR). Furthermore, each of the 
RAR and RXR receptors has three isoforms; 
a,~ and y [7]. The exact function of the vari
ous retinoid receptor isoforms are being 
elucidated by murine receptor-knockout 
studies which have shown that certain com
binations, for example a double knockout of 
RAR a and ~, are lethal [8]. An examination 
of various cancer cell lines where abnormal 
patterns of expression are often observed 
has also been informative[9]. These nuclear 
receptors are part of the steroid hormone 
superfamily and act as ligand inducible 
transcription factors. They exert specific 
cellular effects by binding to hexameric re
sponse elements within the promoter/en
hancer regions and thereby regulating tran
scription of target genes some of which are 
associated with inhibition of proliferation 
and induction of differentiation (reviewed 
in [7,9,10)). 

The genes for the steroid hormone recep
tors share a high degree of homology and 
each displays a characteristic structure with 
five to six separate regions; A/B, C, D, E, and 
F. The function of the A/B region is unclear, 
it encodes the autonomous activity func
tion (AF-l) which can activate transcrip
tion in the absence of the ligand binding do
main. Region C encodes the DNA-binding 
domain containing two zinc fingers; D is a 
hinge region; and E encodes the ligand
binding and the heterodimerization surface 
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[11]. In general, the DNA-binding domains 
tend to be the most conserved amongst the 
steroid hormone receptors and the ligand 
domain show less homology [12]. Very high 
homology between the RAR alpha and beta 
isoforms and the thyroid hormone recep
tors alpha and beta has been shown suggest
ing an evolutionary link by duplication 
from a common ancestor. 

The receptors readily undergo dimeriza
tion principally with the RXR receptor 
which thus plays a pivotal role in this family 
as a co-factor in regulation of target gene 
transcription [13]. For example, in studies 
ofkeratinocytes [14] as well as other tissues 
[15], the RAR-RXR has been demonstrated 
to be the major functional retinoid recep
tor-dimer and VDR-RXR the major func
tional vitamin D3 receptor-heterodimer 
[16]. Others have demonstrated the combi
nation of9cRA and la,25(OHhD3 is able to 
synergistically up-regulate a murine osteo
ponitin promoter reporter gene construct 
that had been transfected into Drosophila 
SL-3 cells [17]. Co-operation between these 
two receptor pathways has been the basis 
for combinational therapy; and we have 
previously demonstrated synergistic inhi
bition of proliferation of AML cells by a po
tent vitamin D3 analog in combination with 
9cRA [18]. 

The RXR does not exclusively control 
seco-steroid hormone mediated gene ex
pression as up-regulation of the human os
teocalcin gene by la,25(OHhD3 has been 
shown to occur in an RXR- independent 
manner, possibly through the action ofVDR 
homodimers [19]. VDR homodimer activity 
has also been suggested in several in vitro 
[20] and in vivo [21] studies; and hetero
dimerization of VDR with other steroid 
hormone receptors, such as with RAR [22] 
or the thyroid receptor [23], has been ob
served experimentally, although the biolog
ical significance of these receptor-dimers is 
as yet unclear. Other mechanisms by which 
retinoids and vitamin D3 might additively 
or synergistically control target genes in
clude multiple response elements in the 
gene; for example, the gene encoding 
p21 waf!, a cyclin-dependent kinase inhibitor 
(CDKI), contains both a vitamin D3 re
sponse element (VDRE) and a retinoic acid 



response element (RARE) within its pro
moter/enhancer region [24,25]. 

A wide variety of transcriptional events 
are mediated through the steroid hormone 
receptors. Recent research has shown that 
nuclear proteins (CBP, p300, TFIID) act to 
link the steroid hormone receptor, bound to 
its cognate response element, to the basal 
transcription machinery [26, 27]. These 
very large nuclear proteins have many bind
ing sites to which different steroid hormone 
receptors and other transcription factors 
can compete and co-operate for binding 
and thus regulate gene transcription. For 
example, factors such as cytokines [28] can 
effect activity of seco-steroids; and the ster
oid hormone receptors can act to repress 
AP-l protein (c-Jun/c-Fos) mediated events 
[29]. Response elements of different recep
tors which are apparently widely spaced on 
a promoter can have the capacity to display 
"crosstalk" thus allowing for interaction 
between different classes of transcription 
factors [30]. 

This apparent flexibility of receptor dim
erization coupled with their abilities to 
interact with other transcription factors re
sults in greater spatial and temporal speci
ficity of gene regulation and thus provide 
fine-tuning of biological responses to allow 
for the possibility of synergistic positive 
and negative effects. 

Vitamin D3 and Retinoids in Normal 
Hematopoieses 

VitaminD3 

The la,25(OHhD3 plays a fundamental role 
in the regulation of calcium metabolism in 
humans and the major source of production 
of 1 a,25( OH)2D3 is the kidney in responce to 
serum calcium levels [10]. Extrarenal syn
thesis of la,25(OH}zD3 can occur under 
both physiological and pathological condi
tions. For example, during pregnancy serum 
levels of la,25(OH}zD3 frequently rise due to 
ectopic production by the placenta and de
cidua. We have shown that normal hu
man macrophages can be stimulated by 
gamma-interferon (yIFN), or other agents to 
produce 1,25(OHhD3 [31]. Furthermore, 

la,25(OH}zD3 inhibits the production of cy
tokines by normal human lymphocytes 
[32]. These findings together with the results 
obtained from expression studies ofVDR in 
macrophages and T-Iymphocytes would 
suggest a possible interaction between mac
rophages and T-Iymphocytes in a paracrine 
fashion using la,25(OHhD3 and yIFN as sig
nals [10,31]. Interestingly, pulmonary alveo
lar macrophages (PAM) from patients with 
sarcoidosis synthesize la,25(OH}zD3 in cul
ture and probably are the source of elevated 
serum levels of la,25(OHhD3 associated 
with hypercalcemia in these patients [33, 
34]. 

Cells of the hematolymphopoietic tissue 
contain VDR, for example it is expressed 
constitutively in monocytes and certain 
subsets of thymocytes [35,36]. Bone mar
row-derived stromal cells express VDR and 
exposure to la,25(OH)2D3 results in their 
reduced proliferation. The la,25(OH}zD3 
can induce normal human committed mye
loid stem cells selectively to differentiated 
to macrophages in soft agar culture or in 
liquid culture [37, 38]. In further studies, 
these macrophages were functionally com
petent, and were able to release large 
amounts of tumor necrosis factor-a (TNF
a), IL-6 and showed reduced production of 
IL-l [39]. Furthermore, the terminal diffe
rentiation of monocytes into mature mac
rophages can be obtained in vitro by cultur
ing these cells in the presence of serum or in 
a serum-free medium with the addition of 
vitamin D3 compounds [39, 40]. Both T
helper and -suppressor lymphocytes ex
press similar concentrations ofVDR. In par
ticular, T-Iymphocytes express high levels 
of VDR mRNA, while resting B-Iympho
cytes express very low or non-detectable 
levels ofVDR transcripts [35,41], but stimu
lation of B-Lymphocytes by the lectin phy
tohemagglutinin-A (PHA) for 24 hours re
sults in their upregulation. This suggests 
that in lymphocytes transcriptional control 
ofVDR expression is the principal route of 
their upregulation [35,42]. 

Indeed, 1,25(OH}zD3 is able to regulate 
many lymphokines. For example, we [43] 
showed that expression of the lymphokine 
GM-CSF is regulated by la,25(OH)2D3 
through cellular VDR by a process indepen-
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dent of IL-2 production. In particular, we 
demonstrated that 1,25(OHhD3 is able to in
hibit both GM-CSF mRNA and protein ex
pression in PHA-activated normal human 
peripheral blood lymphocytes (PBL) by 
concentrations of la,25(OHhD3 similar to 
those reached in vivo. A 50% reduction of 
GM-CSF activity occurred at 10-10 M 
la,25(OHhD3 In addition, IL-2 did not af
fect the modulation of GM-CSF production 
by la,25(OHhD3 in these PBLs co- cultured 
with la,25(OHhD3 (10-7 - 10-10 M) and high 
concentrations of IL-2. Interestingly, 
la,25(OHhD3 decreased the accumulation 
of GM -CSF mRNA; and this occurred at least 
in part by destabilizing and shortening the 
half-life of the GM-CSF mRNA [43]. 

Retinoids 

Retinoids as group of substances are impor
tant for many biological processes that in
volve differentiation, for instance embryo
nal development where it contributes to es
tablishing polarizing activity during limb 
formation [44], epidermal cell growth [45] 
and hematopoiesis. Deprivation experi
ments in vivo produces anemia which could 
be reversed with the administration of vita
min A and thus indicate that this compound 
was required for normal hematopoieses. 
More recently, various studies have shown 
that retinoids play an important role in nor
mal cell growth and differentiation process
es for several tissues [46,47,48,49]. 

Not all the different isoforms of the reti
noid receptors are expressed in the hemato
poietic system. For example, RARa is ex
pressed constitutively; and during ATRA-in
duced differentiation, RAR~ is expressed. In 
contrast, whereas RAR often is not ex
pressed [50] . Retinoids (ATRA and 9cRA) 
both enhance clonal growth of normal hu
man myeloid and erythroid precursors and 
inhibit their proliferation under different 
culture upon culture conditions [51,52]. 
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Vitamin D3 and Retinoids Receptor 
Expression in Leukemia 

Vitamin D3 Receptors 

Examination of a large array of myeloid leu
kemia cell lines blocked at various stages of 
maturation showed that they all expressed 
VDR, albeit at different levels [35]. In addi
tion, lymphocytes of patients with vitamin 
D resistant rickets type II have various alter
ations of the VDR [52,53]. Also,fewer recep
tors have also been detected in the peripher
al blood mononuclear cells of patients with 
X-linked hypophosphatemic rickets [54]. 
Low levels ofVDR expression were detected 
in low-grade, non-Hodgkin's lymphoma 
(NHL) tumor samples and in the follicular 
lymphoma B-celilines, SU-DHL4 and SU
DHL5 [55]. 

RetinokAdd and Retinoid X Receptors 

One of the retinoic acid receptors appears to 
playa major role in the pathology of acute 
promyelocytic leukemia (APL). This disease 
is characterized by a reciprocal translocation 
between the long arms of chromosomes 15 
and 17: t(l5;17)(q22;qI2-21) This transloca
tion, which is diagnostic for APL, is present 
in 100% of cases [56]. Molecular examina
tions of the breakpoint revealed it to involve 
the RARa gene which maps to 17 q21.1, distal 
to the APL breakpoint region, and in the first 
intron of RARa resulting in a fusion protein. 
The chimeric fusion protein encoded by the 
15q+ derivative retained the DNA- and li
gand-binding domains of RARa, whereas 
the transcription-activating function of the 
amino-end of RARa will be replaced with 
PML [56,57]. PML-RARa appears to disrupt 
transcription at physiological concentra
tions of ATRA and thus interferes with gra
nulocytic differentiation [58]. The involve
ment of RARa in the fusion product may ex
plain why pharmacological concentrations 
of ATRA has the ability to induce differentia
tion of APL cells into mature granulocytes in 
the treatment of acute promyelocytic leuke
mias and lead to a remission in nearly 100% 
of APL cases but these spectacular results ap
pear to be limited to APL. 



Furthermore, an ATRA-resistant HL60 
sub clone (HL60-R) was shown to be insen
sitive to retinoid stimulated differentiation 
because of a mutation in the RARa recep
tor which resulted in an aberrant ligand 
binding domain [59]. Introduction of the 
same mutated RARa gene into a retinoid
sensitive, multi-potent cell line alters its 
differentiation characteristics implying a 
significant role for RARa in hematopoieses 
[60]. 

The function of the PML protein is begin
ning to be elucidated. It appears to have 
some transcriptional activity; and as the 
chimera with RARa, it is present in large ex
cess, and therefore may exert a dominant 
negative effect. The chimera disrupts the 
sub-nuclear organelle known as PML onco
genic domains (PODs). Treatment with 
ATRA restores wild-type POD structure and 
reduces levels of PML-RARa (RR 94 96) 
through a process that requires cyclic AMP 
(cAMP) [61]. 

In a minority of cases, translocation oc
curs at t(11;17)(q23;q21) resulting in a chi
meric protein PLZF/RARa [62,63,64] or at 
t( 11; 17) (q22;21) [65] resulting in another 
chimeric protein. Each chimera contains 
proteins (PML, PLZF and NuMA) that al
though unrelated, contain domains impli
cated in transcriptional regulation. Of sig
nificance, in these three translocations the 
RAR receptor is targeted underscoring the 
importance of this receptor in the normal 
differentiation processes. In the latter two 
translocations the cells are resistant to diffe
rentiation induced by retinoic acid which 
has been attributed to the different function 
of the PLZF and NuMA proteins [66]. 

Inhibition of Proliferation of Leukemia by 
Vitamin D3 and Retinoids 

Both of these compounds can inhibit the 
growth in vitro of cancer cells from several 
different tissues, including glioma, breast, 
colon, prostate, as well as myeloid leukemia 
[67,68,69, 70, 71, 72]. Retinoids have also 
been demonstrated to control the growth of 
various cancers in patients, including those 
with acute promyelocytic leukemia, head 
and neck and skin cancer [73,74,75]. 

VitaminD3 

The role of 1a,25(OH}zD3 in cell differen
tiation was first described by Abe [76] in 
the murine leukemia cell metabolite line 
M1 which was induced to differentiate into 
more mature cells by 1a,25(OH)2D3' 
1a,25(OH}zD3 and related vitamin D3 com
pounds have a similar, potent effect on in
ducing differentiation and inhibiting pro
liferation of several acute myeloid leukemia 
cell lines such as HL-60, U937, THP-1, HEL 
and NB4. In contrast, more immature mye
loid leukemia cell lines such as HL-60 blasts, 
KG1, KG1a and K562 do not respond. HL-60 
cells treated with 1a,25(OH)2D3 acquire the 
morphology and functional characteristics 
of macrophages. They become adherent to 
charged surfaces, develop pseudopodia, 
stain positively for non -specific esterase and 
reduce nitroblue tetrazolium (NBT) and ac
quire the ability to phagocytose yeast during 
incubation with 1a,25(OH)2D3 [73, 77]. In 
addition, the treated cells acquired the abil
ity to degrade bone marrow matrix in vitro, 
raising the possibility that the cells may have 
acquired some osteoclast -like characteris
tics. The proliferation of HL-60 cells is also 
inhibited by 1a,25(OH}zD3; in fact, colony 
formation in soft agar is reduced by 50% 
(EDso) in the presence of about 1O-9M 
1a,25(OH)2D3 [78]. Cells of other leukemia 
cell lines are also inhibited with similar effi
ciency in their clonal growth, such as U937, 
HEL, THP-l and Ml after their exposure to 
1a,25(OH}zD3 [78]. Diverse effects of the dif
ferent cell lines may reflect the higher num
ber of receptors present on the more differ
entiated cell lines [77]. 

Also, leukemic cells from AML patients 
respond to vitamin D3 compounds when 
cultured in vitro; however, they are often less 
sensitive than the cell lines. They are still 
able to undergo monocytic differentiation 
as assessed by NBT reduction, morphology, 
and phagocytic ability. Furthermore, their 
clonal growth is often inhibited [73, 78].An 
antiproliferative effect of 1,25(OH}zD3 was 
reported by Hickish [55] in the non-Hodg
kin lymphoma (NHL) cell lines SU- DHL4 
and SU-DHL5; however, this effect was ob
served only using high concentrations of the 
compound. 
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In spite of the promising data obtained 
from in vitro studies, results of clinical trials 
with 1a,25(OH)2D3 are limited in scope and 
thus far have exhibited only mediocre re
sults. For example, the myelodysplastic syn
drome (MDS) is associated with anemia, 
thrombocytopenia and leukopenia and an 
increased number of myeloid progenitor 
cells in the bone marrow. Some of these pa
tients develop acute myeloid leukemia. We 
treated 18 MDS patients with increasing 
doses of 1a,25(OH)2D3' for up to 12 weeks; 
and although eight patients displayed limit
ed improvements, the response was not dur
able and not detectable at the end of the 
study. Dose-limiting hypercalcemia was a 
problem [78]. In another shorter study with 
seven MDS patients; no beneficial effects 
were observed [79]. 

All trans and 9-ds Retinoic Add 

Many transformed cell lines, and fresh pa
tient samples may undergo differentiation 
in the presence of retinoids. The dose of 
ATRA require to inhibit colony formation of 
HL-60 in soft agar by 50% (ED so) was 10-7 M, 
with ATRA being considered the most po
tent modulator of hematopoiesis , binding 
with high affinity to RAR's and altering gene 
expression [80,81,82,83]. 9cRA is the ligand 
for RXR receptors. We have compared both 
of these natural ligands in AML cell lines and 
fresh leukemic cells and found that generally 
9cRA had a similar activity profile to ATRA 
being equally potent; but each was equally 
ineffective at inhibiting growth of chronic 
myelogenous samples [84]. The myeloblast
promyelocytic cell lines such as HL-60 and 
NB-4 differentiate along the granulocytic 
pathway when cultured with retinoids, 
whereas the monoblastic cell lines such as 
THP-1 and U-937 mature along the mono
cytic pathway. Differentiation is generally 
associated with a decreased proliferative ca
pacity. However, some myeloblastic cell lines 
(KG 1) and fresh leukemia samples are 
growth inhibited but do not differentiated 
when exposed to ATRA [85]. 

The dramatic effects observed in vitro on 
APL-derived cells lead to APL being the first 
example of a human cancer to be success-
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fully treated with a differentiating agent 
(ATRA) [86]. This mode of therapy for APL 
has recently been extensively reviewed [87]. 
ATRA induced remissions in about 85% of 
the patients; but these only last 2-3 months 
and then retinoid -resistant cells emerged. At 
this time remission induction is accom
plished with ATRA, and then while in remis
sion chemotherapy is administered with 
very good results. 

Although RARa is clearly implicated in 
the etiology of APL, as it is involved in two 
separate translocation, the exact mechanism 
by which ATRA can remediated the effects of 
this condition is unclear. The PML/RARa 
oncoprotein is directly down-regulated by 
ATRA in NB-4 and U937 cells. This down 
regulation is at the protein level and appears 
to be posttranscriptional, possibly as a result 
of ATRA transcriptionally increasing ex
pression of a PML degrading protein. The 
consequence of this is to change the ratio of 
PML/RARa to wild-type RARa [88]. 

Combinations of Vitamin D3 and Either All 
trans or 9-ds Retinoic Add 

The toxic hypercalcemic effects mediated by 
1a,25(OH)2D3 have lead investigators to ex
amine combinations of this compound with 
other chemotherapeutic agents that might 
synergistically promote leukemic cell diffe
rentiation yet decrease toxicity. 
1a,25(OH)2D3 and retinoids can co- operate 
together or separately with other differen
tiating agents such interferons (IFNs). For 
example, 1a,25(OH)2D3 can potentiate IFN-y 
action to induce the expression of CD 11 b 
and CD14. Also, the combination of 
1a,25(OH}zD3 and either ATRA or 9cRA can 
potentiate the terminal differentiation pro
cess of HL-60 cells down the monocytic/ 
macrophage pathway (-100% induced to ex
press cells CD14+) [18,89,90,91]. Cells cul
tured in the presence of the combination of 
1a,25(OH}zD3 and ATRA develop atypically 
having a neutrophilic morphology; but in 
other properties the cells have monocytic 
features including CD14 expression, the abil
ity to bind to bacterial lipopolysaccharide, 
and develop sodium-fluoride-inhibited non
specific esterase [91]. 



In the promyelocytic cell line NB4, carry
ing the translocation t( 15; 17) typical of APL, 
la,25(OH}zD3 as single agent was weakly 
able to induce monocytic differentiation 
[92). Bathia [93) showed that the combina
tion of la,25(OH}zD3 and TPA resulted in a 
synergistic response of NB4 cells exhibiting 
complete differentiation to fully functional 
macrophages with rapid arrest of cell 
growth in the first 24 h, with an increasing 
proportion of cells becoming adherent. 

Mechanism of Action of Inhibition 

Vitamin 03 

Despite the intense research that has been 
focused on la,25(OH}zD3 since it was first 
characterized in 1971 [94) the exact mode of 
action by which it inhibits cancer cells re
mains largely unknown. This seco-steroid 
hormone can mediate direct transcriptional 
and post-transcriptional regulatory events. 
In normal tissues not directly involved in 
calcium regulation for example, the well
studied system ofkeratinocytes exposure to 
la,25(OH)2D3 results in various changes 
that allow the cell to undergo differentiation, 
these include increases synthesis of TGF-~1 
and ~2 [95), decreases EGF receptor expres
sion [96) and dephosphorylation of the 
retinoblastoma protein [97). 

The HL-60 myeloblastic cell line cultured 
in the presence of la,25(OH)2D3 has a 50% 
decrease ofVDR protein levels at about 24 h 
which returned to normal levels after 72 h; 
no change of VDR mRNA expression oc
curred [35). These data indirectly suggested 
that a potential site of regulation ofVDR ex
pression occurs at the posttranscriptional 
level. Other non-tissue specific, non-classi
cal effects of la,25(OH}zD3 have been asso
ciated with cell cycle arrest in GO/G I • Many 
factors can lead to a cell cycle arrest, but 
CDKIs p21 (waf I) and p27(kipl) have been 
shown to be pivotal in this process. Recently, 
investigators have shown that p21 (waf I) con
tains a VDRE within its promoter region 
[24). Others as well as ourselves have dem
onstrated both transcriptional and transla
tional up regulation of p21 (waf I) and p27(kipl) 

in the myeloid leukaemia cell lines HL-60 

and U-937 after their exposure to 
la,25(OHhD3 [24,98,99). The marked in
crease of p21 (wafl) protein expression may be 
due in part to enhanced posttranscriptional 
stabilization of p21 (waf I) mRNA [97). The up
regulation of p21 (waf I) mRNA occurred inde
pendently of de novo protein synthesis, 
further supporting the hypothesis that 
p21 (waf I) is an early response gene of 
1,25(OH}zDiVDR. A transient over expres
sion of p21(wafl) and p27(kipl) in U937 
cells promoted the expression of cell surface 
molecules, CD 14 and CD 11 b, which are spe
cific for monocytes/macrophages. One se
ries of experiments showed that the 
p21(wafl), p27(kipl), pIS p16, p18 CDKIs 
were all upregulated in a time-dependent 
manner after the addition of 1a,25(OHhD3 
[24). This induction occurred within 4 h of 
the addition of 1,25(OHhD3 in the presence 
of cycloheximide (CHX) suggesting a direct 
transcriptional activation byVDR. In recent 
studies the protein expression of different 
G1-phase regulators has been examined in 
HL-60 cells exposed to different concentra
tions of 1,25(OH)2D3' A strong up-regula
tion of p27(kipl) protein expression was ev
ident after 72 h of exposure to the com
pound; and it was dependent on the concen
tration. This up-regulation was also asso
ciated with increased levels of D- and E-cy
clins, coinciding with the G 1 arrest. These 
results suggested a prominent role for 
p27(kipl) in mediating the antiproliferative 
activity of 1,25(OHhD3 in this cell line [98, 
99). Interestingly, upregulation of p27(kip 1) 
was shown to result from an increase in both 
the translation rate and half-life of the pro
tein; the mRNA level remained unchanged 
implying that post-transcriptional effects of 
1,25(OH)2D3 are at least as important as the 
transcriptional ones. 

Cells that are arrested in their progression 
through the cell cycle often exhibit an induc
tion of differentiation or apoptosis. Apopto
sis may occur after the process of differenti
ation as a mechanism of controlling the 
number of mature cells by inducing cell 
death within this population. The role of this 
process in hematopoiesis and leukemia has 
been extensively reviewed [100). 
1,25(OHhD3 has a protective effect against 
apoptosis in HL-60 cells [101). This effect 
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lends support to the observation that mono
cytic differentiation interferes with pro
grams leading to apoptotic death. In other 
cell types, inhibition of apoptosis correlates 
with elevated levels of BCL-2; but this does 
not appear to be the case with myeloid cells. 
In fact, after culture with 1,25(OH)2D3' a 
down-regulation of BCL-2 was observed 
both at the mRNA and protein levels [10 1]. 
Previously, studies showed that upregula
tion of p21 (waf 1) may playa role in the pre
vention of differentiating myocytes from 
undergoing apoptosis [102]. Only a few re
ports exist of 1a,25(OH)2D3 triggering 
apoptosis, and these involve the hormonal
ly-dependent breast cancer cell line MCF-7 
[103]. 

Other effects of 1,25(OHhD3 include up
regulation of Jun and Fos proto-oncogenes 
[104]. Jun-D DNA binding activity is in
creased during cell cycle arrest in the human 
chronic myelogenous leukemia cell RWLeu-
4 cultured with 1,25(OHhD3 suggesting that 
Jun D binding activity may playa role in the 
regulation of cell proliferation by 
1,25(OHhD3 [105]. Moreover, the binding 
activity of the proto-oncogene Jun D is en
hanced by 1,25(OH)2D3 in these cells during 
their cell cycle arrest, while it was not de
creased in a 1,25(OH)2D3-resistant variant 
cellline [105]. 

Other factors appear to be regulated by 
1,25(OH)2D3. For example, the levels of ex
pression of c-MYC, c-JUN, c-FMS, p53, N
RAS and protein-kinase C are modulated by 
1,25(OHhD3, but this modulation may not 
be a direct effect may reflect the entire pro
cess of differentiation [106, 107, 108, 109, 
110]. 

Activation of the proto-oncogene c-MYC 
by retroviral insertion or chromosomal re
arrangement is a typical feature of human 
leukemias. The HL-60 leukemia cell line is 
characterized by high levels of expression of 
c-MYC due to gene amplification [111, 112]. 
Treatment of this cell line with 1,25(OH)2D3 
results in a down -regulation of expression of 
this oncogene related to stimulation of cell 
differentiation. 

The cell lines HL-60 and U937 have been 
used to attempt to identify early response 
genes directly regulated by VDR. Bories 
[113] identified a cDNA coding for fructose 
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1-6 biphosphatase whose expression is up
regulated by 1,25(OH)2D3 in HL-60 cells and 
peripheral blood monocytes. Interestingly, 
but of unclear significance, 1,25(OH)2D3 in
duced differentiation of AML cells from pa
tients resulted in their increased expression 
of RXRa receptor [114]. 

All trans and 9-cis Retinoic Acid 

The effects of these two ligands are similar to 
1,25(OH)2D3 in so far as they mediate a cell 
cycle arrest and initiate differentiation. The 
pattern of this process shares certain simi
larities with 1,25(OH)2D3. A central protein 
in these processes is the CDKI p21 (waf 1). Re
cently, a retinoic acid response element 
(RARE) has been characterized within the 
promoter/enhancer region of the gene. It has 
been shown to be upregulated during mono
cytic differentiation of U937 cells [25]. The 
same investigators found distinct regions 
for 1,25(OH)2D3 and ATRA mediated upreg
ulation. Furthermore the RARE was shown 
to respond to RAR-RXR heterodimers; a fact 
which is reflected by differentiation studies 
undertaken with conformationally restrict
ed retinoids. 

Events that follow the induction of 
p21 (waft) are clearly different depending if 
HL-60 cells differentiate along either the 
monocytic lineage in the presence of 
1,25(OH)2D3 or the granulocytic lineage in 
the presence of ATRA. Other specific effects 
of retinoids that are observed in U937 cells 
include the increased expression of CD49f, 
and CD66a. In human promyelocytic cells a 
rapid induction of CD-38 is observed [115], 
and stimulation of M-CSF and GM-CSF in 
AML cells [116]. 

ATRA directly regulates the transcription 
of members of the HOX gene family which 
have a central role in morphogenesis and 
bone marrow differentiation. Other proteins 
that are effected include the cell adhesion 
molecules (e.g., Laminin B), growth factors 
(e.g., TGF-P) and growth factor receptors 
(e.g.,EGF receptor) [117,118]. 

Various groups have looked for early re
sponse genes induced by ATRA by differen
tial display and subtractive hybridization 
techniques. The genes cloned include RI G-E, 



which has a suggested role in signal trans
duction [119],andE3 with an as yet undeter
mined function [120]. In our own laboratory 
we have cloned from a promyelocyte-late 
myeloblast cDNA library, a gene [C/EBPE] 
that is a CCAAT/enhancer-binding protein 
transcription factor. It plays a role in the reg
ulation of a subset of myeloid-specific genes 
and is up regulated during myeloid differen
tiation [121]. Prominent expression of 
C/EBPE mRNA occurred in the late myelo
blastic and promyelocytic cell lines (NB4, 
HL60, GFD8), the myelomonoblastic cell 
lines (U937 and THP-l), the early myeloblast 
cell lines (MU, KCL22 and MDS92), and low 
expression occurred in the T-cell lympho
blastic leukemia cell lines CEM and HSB-2. 
No C/EBPE mRNA was detected in eryth
roid, B lymphoid or non-hematopoietic cell 
lines. Most acute myeloid leukemia samples 
(11 of 12) from patients expressed C/EBPE• 

Northern blot, RT-PCR and immunohisto
chemical staining showed that myeloblasts 
to metamyelocytes express C/EBP but gran
ulocytes and macrophages express very 
little of this transcriptional factor analyses. 

Synthetic Vitamin D3 Analogs and 
Conformationally Restricted Retinoids 

Vitamin D3 Analogs 

An extensive body of research has examined 
the effects of novel vitamin D3 analogues on 
various malignant cell types and highlight
ed various structural motifs that have in
creased antiproliferative effects [122, 123, 
124]. Structure-function analysis of 
1a,25(OH)2D3 has centered on the four main 
structural motifs of the seco-steroid: the A 
ring, seco-Bring, C/D ring, and the side
chain. Of the 278 previously investigated an
alogs, 80% were variants involving structu
ral changes to the side-chain. 

The reason for the increased potency of 
the analogs is becoming clearer and is illus
trated in Fig. l. Vitamin D3 analogs usually 
bind less well to the D-binding protein in the 
blood and therefore are more readily avail
able to enter the cell [as measured by the rel
ative ability of this compound to compete 
with 3H-1,25(OHhD3 for binding to the vita-

min D-binding protein (RCIDBP)] [41]. In 
theory this would facilitate the availability of 
the unbound compounds for the VDR of the 
target cells thereby, explaining their potent 
activity on specific tissues in vivo. In addi
tion, the free compounds might also be 
cleared faster, explaining in part the lower 
calcemic activity, or have a different binding 
affinity for critical VDRE-containing genes 
such as the VDRE for osteocalcin and the 
VDREs specific for hematopoiesis [126]. An
alogs may also extend the half-life of the 
VDR [127] or they may induce novel VDR 
conformations [128], which may in turn al
low either more efficient interactions with 
vitamin D3 response elements and/or ex
pand the array of vitamin D3 response ele
ments that can be activated. In addition , 
metabolic products of analogs may result in 
potent intermediates in vivo. For example, 
compared with the parental analogs, the 24-
oxo metabolites have the same in vitro anti
cancer activities but have less effect on ser
um calcium levels [129]. 

The thrust of vitamin D3 analog research 
is to develop compounds with greater anti
leukemic activity and less hypercalcemic 
toxicity. To date, more than 50 vitamin D3 an
alogs have been identified in vitro which 
have higher differentiating and antiprolife
rative activities, but lower abilities to cause 
hypercalcemia than 1,25(OH)2D3' These an
alogs could provide a larger therapeutic 
window for the treatment of hematologic 
malignancies, retaining the useful proper
ties of 1,25( OHhD3 [123]. 

The first attempts using analogs focused 
on 1a-hydroxy-D3 (la-OHD3), a vitamin D3 
analog that is efficiently converted to 
1,25(OHhD3 in vivo by D3-25-hydroxylase. 
This compound was therapeutically more 
active than 1,25( OH)2D3 [130]. Its conversion 
to the active form resulted in a more pro
longed elevation of plasma levels of 
1,25(OH)2D3; and the dose produced insig
nificant elevation of serum calcium. Also, the 
administration of 1a-OHD3 has been shown 
to produce tumor regression in follicular 
NHLs in rats [55]. Clinical applications have 
been limited to studies with MDS patients 
where the treated group had a greater pro
portion of patients who did not progress to 
leukemia as compared to the control group. 

289 



1. Analog binds poorly to D-binding protein and more readily enters cells. 

2. Analog induces novel conformation and/or extends half-life of vitamin D receptors. 

VitmD3 

GO 
VDRE I TARGET GENE A --l VDRE I TARGET GENE B f-

3. Analog undergoes conversion to potent metabolites. 

24-o.o-metabolita 

Summation Of Effects Is To Inhibit Proliferation And Induce Differentiation Of Transformed Cells. 
Fig. 1. Mechanism by which vitamin D analogs may have enhanced cellular effects. DBP, D-binding protein; 
VDR, vitamin D receptor; VDRE, vitamin D response element 

Calcipotriol (MC903) has a cyclopropyl 
group at the end of the side-chain formed by 
the fusion of the 26th and 27th carbons, a hy
droxyl group at carbon 24 and a double bond 
at carbon 22_ This compound was equipo
tent to 1,25(OH}zD3 at inhibiting the prolife
ration and inducing the differentiation of 
the monoblastic cell line U937 [58,131] and 
HL-60 myeloblasts [132]. In bone marrow 
cultures, this compound was able to promote 
the formation of multinucleated osteoclast
like cells. The effects of this compound on 
the immune system were very similar to 
those induced by 1,25(OH}zD3. By interfer
ing with T-helper cell activity, Calcipotriol 
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reduced immunoglobulin production and it 
blocked the proliferation of thymocytes in
duced by IL-I [133,134]. Follicular NHL B
cell lines SU-DUL4 and SU-DUL5, carrying 
the t(14;18) characteristic of the disease, 
were inhibited in there proliferation by MC 
903 only at high concentrations of the com
pound (10-7 M) [55].At the same time, it was 
100-fold less active than 1,25(OH)2D3 at in
ducing hypercalcemia and mobilizing bone 
calcium in rats [135]. 

Another promising analog is 1,25(OH)2-
16ene-D3 which is over 1000-fold more ac
tive than 1,25(OH)2D3 in inhibiting clonal 
growth of HL-60 cells and 5-fold more po-



tent in inducing their differentiation [126]. 
This compound has high binding affinity for 
VD R and has about 50-fold lower affinity for 
the D-binding proteins present in the serum, 
therefore increasing the availability of this 
compound for target tissues. This com
pound induced hypercalcemia in mice at a 
comparable rate to that of 1,25(OH}zD3. This 
analog, as well as other vitamin D com
pounds, did not inhibit the clonal growth of 
normal human granulocyte-macrophage 
committed stem cells [126]. 

We have shown that 1,25(OH}Z-16 ene-23 
yne-D3 has potent antiproliferative and dif
ferentiating effects on leukemic cells in vitro 
[l36]. In preventing HL-60 clonal growth, 
1,25 (OH}z-16 ene- 23 yne-D3 has a potency 
about 1000-fold more than 1,25(OH}zD3. We 
had previously shown that this compound 
potently inhibited the clonal growth of a va
riety of human leukemic cell lines, had low 
calcemic potential, and was able to cure 
leukemia in one third of mice [122]. This 
compound administered to vitamin D-defi
cient chicks is about 30 times less effective 
than 1,25(OH}zD3 in stimulating intestinal 
calcium adsorption and about 50 times less 
effective in inducing bone calcium mobiliza
tion [58]. A synergistic antineoplastic effect 
of this compound and ATRA has been 
shown in HL-60 cells [l37]. A HL-60 clone 
resistant to ATRA (HL-60R) was more than 
20-fold more sensitive to inhibition of pro
liferation by 1,25 (OH)z-16 ene-23 yne-D3 
than was 1,25(OH}zD3. In addition, the in
duction of differentiation ofHL-60R cells by 
1,25 (OH}z-16 ene-23 yne-D3 was much 
stronger in these cells than in the wild-type 
HL-60 cells [l38]. 

The 1,25(OH}z-20epi-D3 analog is charac
terized by an inverted stoichiometry at car
bon 20 of the side chain. The mono blastic 
cell line U937 cultured with this compound 
showed a strong induction of differentiation 
[l39]. It was also a potent modulator of cyto
kine-mediated T-Iymphocyte activation 
and exerted calcemic effects comparable to 
1,25(OH}zD3 in rats. A recent study by our
selves suggested that 1,25(OH}z-20epi-D3 is 
the most potent vitamin D3 compound at in
hibiting the clonal growth ofHL-60 cells and 
at inducing cell differentiation. In fact, it 
was about 2600-fold more potent than 

1,25(OH}zD3 in preventing the clonal 
growth of HL-60 cells and about 50oo-fold 
more effective in inhibiting clonal growth of 
fresh human leukemic myeloid cells [140]. 
1,25(OH}z-20epi-D3 exerts its effects by 
binding directly to VDR as shown by a T
lymphocytic cell line established from a pa
tient with vitamin D-dependent rickets Type 
II, lacking a functional VDR. Clonal growth 
was not inhibited after treatment of these 
cells with high doses of either 1,25(OH}z-
20epi-D3 or 1,25(OH}zD3 (10-7 M). 

The PML-RARa fusion protein can hete
rodimerize with RXR. In NB4 cells, the RXR 
is localized to the APL-specific substruc
tures that includes the PML-RARa protein. 
As mentioned previously, the sequestration 
of RXRa by PML-RARa is reversed when 
these cells are treated with ATRA, resulting 
in RXR returning to a diffuse nuclear pat
tern [141]. The interaction of PML-RARa 
with RXR may interfere with other nuclear 
receptor pathways that involve RXR. One 
study suggested that, by competing for RXR, 
PML-RARa can inactivate the vitamin D3 
receptor [142]. The 20- epi-analogs can effi
ciently enhance homo- and heterodimeriza
tion of VDR with VDR and RXR as com
pared to 1,25D, which predominately forms 
VDR/RXR heterodimers [19]. The competi
tion between the RAR and VDR for associa
tion with RXR may provide an additionally 
important control step for these ligands 
[20]. 

KHI060 is a potent vitamin D3 20-epi ana
log with an oxygen placed at carbon 22 and 
three additional carbons added to the side 
chain. It is about 14000-fold more potent 
than 1,25(OH}zD3 in inhibiting the clonal 
growth of the monoblastic cell line U937. It 
has also a powerful antiproliferative effect 
on other leukemic cells [51,100,101]. It has 
the same hypercalcemic activity and the 
same receptor binding affinity as 
1,25(OH}zD3 [142]. 

We have recently investigated a novel se
ries of vitamin D3 analogs and found several 
new structures that are highly effective at in
hibiting the clonal growth of HL-60 cells 
[ 143]. One particularly potent analog is 
(22R)-la,25-( OH}Z-16,22,23-triene-D3 
(EDso HL60 2 X 10-11 M). This compound in
corporates several of the motifs we had pre-
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viously shown to be important for analog 
potency; a C-16 double-bond and a C-22 or 
C-23 double or triple bond. The incorpora
tion of two double-bonds on the side-chain 
appears further to increase activity. The rel
ative competitive index of this compound 
for VDR (RClvDR) was 154% as measured by 
its ability to compete with [3H]_ 
1a,25(OHhD3 for binding to the VDR. This 
is one of the highest RClvDR reported to date, 
consistent with formation of a stable com
plex between the analog and the receptor 
[l25]. The RCIDBP of this compound was 9% 
of 1a,25(OHhD3. Theoretically, this low 
RCIDBP increases its potency, because it is 
available to enter the cell rather than remain 
in the serum bound to DBP. We have also in
vestigated the stereo isomer of this com
pound (22S)-la,25-( OH)z-16,22,23-triene
D3 and found that it was more than a thou
sand times less effective at inhibiting clonal 
proliferation of HL-60. This raises some in
triguing questions about stereo-selectivity 
of vitamin D3 mediated action. 

Studies by others as well as ourselves have 
shown that the lengthening of the side-chain 
by one or several carbon atoms can slightly 
increase the activity of the analog [124, 
144, 145]. Likewise, replacement of six hy
drogens by fluorines at the end of the side
chain can also increase potency of 
1a,25(OH)zD3 analogs [146,147]. Thus, com
pounds were investigated that encompassed 
all these modifications, such as, 1,25(OH)r 
22E,24Z-diene-24-homo,26,27- F6-D3; This 
analog was very active, approximately 30-
fold more potent than 1a,25(OH)zD3 at in
hibiting HL-60 clonal growth. Interestingly 
orientation of the side chain in the 20-epi
conformation 1a,25-(OH)z- 16,23E-diene-
26,27- F6-20-epi-D3' was no more potent 
1a,25-(OH)z-16,23E-diene-26,27- F6-D3 In 
recent studies with LNCaP human prostate 
cancer cells, we noted that the structural 
benefit gained by the 20-epi -conformation is 
lost by the addition of either the C-26,27 
hexafluorines and/or the C-16 ene [148]. 

This study has helped to decipher structu
ral features that are important to increase 
the potency of the vitamin D3 analogs. At 
least for HL-60 cells, the more potent ana
logs have a C-16 double bond and either a C-
22, -23, or -24 double or triple bond. The 
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most potent analog [(22R)-la,25- (OH)2-
16,22,23-triene-D3] has the C-16, C-22, and 
C-23 double bonds incorporated into the pa
rental 1,25(OH)zD3 structure. This appears 
more important than lengthening the side
chain, adding fluorides or the 20-epi-confor
mation. Furthermore, we showed that this 
active compound markedly inhibited clonal 
growth of committed myeloid leukemic 
stem cells from patients. Many of these ana
logs merit a more thorough evaluation of 
their antileukemic activities in vivo. In con
clusion of this section, new vitamin D ana
logs have potent antileukemic activity and 
lower hypercalcemic effects and should be 
considered for the treatment of hematologic 
malignancies either alone or in combination 
with other differentiating agents. Phase I 
trials are necessary to assess the safety and 
effectiveness of these treatments. 

Conformationally Restricted Retinoids 

Conformationally restricted receptor selec
tive retinoids have been used to dissect some 
of the mechanism of action of the naturalli
gands. Differentiation and apoptosis are in
timately associated processes in the matura
tion of precursor cells with apoptosis a pro
cess for controlling the numbers of mature 
cells. For example one investigative group 
provided some evidence that a RAR selec
tive retinoid, such as TTNPB, stimulated dif
ferentiation and a RXR selective retinoid, 
such as AGN191701, initiated apoptosis; and 
apoptosis (RXR-mediated events) was great
est after differentiation (RAR mediated 
event) had been initiated [149]. Retinoids 
induced differentiation leads to a reduction 
in BCL-2levels [150] and levels of RXRP in
crease [151,152]. 

We have shown that synthetic retinoids 
that are selective for RXR-RXR homodimers 
(SRl1217) are ineffective at inhibiting clonal 
growth and inducing differentiation of HL-
60 cells, whereas retinoids which transact i
vated both RAR-RXR and RXR-RXR could 
inhibit clonal growth (SRl1256, 9cRA). Fur
thermore, these compounds in combination 
with ATRA showed synergistic effects. Thus, 
we conclude that the RAR-RXR pathway is 
more important than the RXR-RXR pathway 



for inhibition of proliferation and induction 
of differentiation of AML cells. RARa ap
pears to have a pivotal role as an RARa an
tagonist could significantly inhibit the cellu-
1ar response mediated by the combination of 
AM580 (RARa selective) and an RXR selec
tive ligand. AM580 demonstrated a greater 
ability than ATRA to induce granulocytic 
maturation in NB4, but not in HL-60 cells. 
Furthermore RAR and RARy selective reti
noids were not effective in the same assay 
systems. These data correlate with the great
er ability of AM580 than ATRA to transacti
vate a RARE containing reporter gene in the 
presence ofPML-RAR [153]. 

Another synthetic retinoid 4-HPR has po
tent antiproliferative activity against leu
kemic cells which occurs in an unique man
ner. The mechanism of its inhibition re
quires both RNA transcription and protein 
synthesis and is regulated by the activity of 
protein kinase C. This retinoid potently in
duces apoptosis, although this is not thought 
to be a direct effect [154]. 

Antileukemic Effects of the Combinations of Vitamin 
D3 Analogs and Conformationally Restricted 
Retinoids Either Together or with Other Agents 

Patients with acute promyelocytic leukemia 
(APL) relapse after ATRA-treatment be
cause the therapy often fails to eradicate 
completely the malignant clone and the cells 
becoming insensitive to the differentiating 
effects of ATRA. The cause for this insensi
tivity may be multifactorial including ab
normal ligand binding and altered tran
scriptional activation [ISS]. Interestingly, 
we have shown that mutations of the RARa 
gene are comparatively rare in ATRA-resist
ant APL, MDS and cell lines [156]. 

Combining two effective drugs is a mech
anism for increasing potency while decreas
ing toxicity. We have investigated the use of 
various potent analogs of 1,25(OH}zD3 and 
9cis RA. The combination of ATRA (10-9 M) 
and the vitamin D3 analogs 1,25(OH}z-
16ene-23yne-D3 or 1,25(OH}z-23yneD3 (10-9 

to 10-10 M) showed a synergistic effect on the 
induction of differentiation and the inhibi
tion of proliferation of HL-60 cells [137]. In 
addition, the inhibition of DNA synthesis of 

HL-60 cells correlated well with their reduc
tion in a soft-gel clonogenicity assay. A de
crease of c-MYC expression was also ob
served in the presence of ATRA and 
1,25(OH}z-16ene, 23yne D3. This downregu
lation of c-MYC was stronger than that ob
served using single agents and correlated 
with the initiation of differentiation [137]. 

Our data showed that KH 1060 alone was a 
potent inhibitor of clonal growth of NB4 
cells, (EDso 5 X 10-12 M). The combination of 
KH 1060 and 9-cis-RA synergistically and ir
reversibly enhanced this effect (ED so' 1 X 
10-12 M). Neither 9-cis-RA nor KH 1060 (10-6 

M, 3 days) were strong inducers of differenti
ation of NB4 cells. However, 98 % of the cells 
underwent differentiation to a granulo
monocytic phenotype after exposure to a 
combination of both compounds. Immuno
histochemistry and Western blot analysis 
showed that the bcl-2 protein expression de
creased and bax protein increased after incu
bation with a combination of KH 1060 and 
9-cis-RA.After exposure to both analogs, p53 
protein strongly decreased, and apoptotic 
cells increased. Our data demonstrated that 
nearly all of the NB4 cells can be irreversibly 
induced to differentiate and some of cells 
undergo apoptosis when exposed to the 
combination of KH 1060 and 9-cis-RA. Study 
of APL blasts from one patient before thera
py paralleled our results with NB4. 

Other combinations that have been re
ported include ATRA and interferon which 
act together, but not alone, to inhibit granu
locyte-macrophage colony formation of pe
ripheral blood progenitors from patients 
with CML [157].ATRA also potentiated cells 
to undergo differentiation with hexameth
lyene bisacetamide (HMBA), 1,25(OH}zD3, 
and butyrates [158]. 

Future Directions 

One major focus of research in the field of 
vitamin D3 and cancer has been to identify 
analogs of 1,25(OH}zD3 that have prominent 
antiproliferative effects against cancer cells 
without resulting in lethal hypercalcemia 
when administered in vivo at pharmacologi
cally active doses. The overwhelming major
ity of analogs examined thus far have been 
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derived by chemical synthesis. Within a cell, 
1,25{OHhD3 readily undergoes metabolism 
along several different metabolic pathways 
as described recently [159] All of these path
ways were thought to be catabolic and the 
intermediate metabolites were believed to 
have little or no biological activity. 

Recently, a major natural intermediate of a 
potent precursor analog 1a.,25{OH)2-16-
ene-D3 formed through the C-24 oxidation 
metabolic pathway has been isolated by us
ing a rat kidney perfusion biotransformation 
system [129]. This intermediary metabolite, 
1a.,25{OHh-24-oxo-16- ene-D3' is signifi
cantly resistant to further metabolism and 
therefore accumulates. This metabolite 
shares approximately the same level of po
tency as its parental analog [1a.,25{OH)z-16-
ene-D3], in inhibiting proliferation and in
ducing differentiation of the human leukem
ic cell line RWLeu-4, and in transactivating a 
VDRE reporter construct [129]. Most inter
estingly, the 24-oxo metabolite had reduced 
calcemic activity as compared to its parental 
analog [160]. Therefore, the 24-oxo metab
olites appear to allow a separation of the 
anti-proliferative genomic effects of vitamin 
D3 compounds from their hypercalcemic 
side-effects. We have investigated a series of 
analogs and their 24-oxo metabolites with a 
variety of cell lines and found with HL-60 
that both 1a.,25-{OHh- 20-epi-D3 and 1a.,25-
{OHh-24-oxo-20-epi-D3 were equally able to 
inhibit clonal growth, arrest the cells in GofG! 
of the cell cycle and induce CD 11 b, but they 
differed in their effects on the expression of 
p21 (waf 1) as the 24-oxo metabolite {la.,25-
(OHh-24-oxo-20-epi-D3) significantly in
creased expression of this CDKI compared to 
its precursor analog [161]. 

Other mechanisms for enhancing steroid 
hormone action to allow therapeutic effects 
at lower doses is to recruit additional path
ways. For example, HL-60 differentiation 
can be primed with a pre-treatment with an 
antiinflammatory drugs such as indometha
cin [162]. This compounds inhibit cyclooxy
genase activity [163] and also inhibit other 
enzymic activities that may act to suppress 
steroid hormone action providing an attrac
tive approach. 

The active conformation of steroid hor
mone receptors is maintained by heterodim-
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erization with other receptors such as RXR 
[164] and various chaperone and coactivator 
proteins, the mechanism of which is begin
ning to be elucidated [165]. One group of 
these has been identified as the heat shock 
proteins (HSP). In particular, HSP90 has 
been shown to be intimately associated with 
the retinoid receptors and low expression of 
this protein abolished high affinity hormone 
binding, and therefore transactivation by the 
receptor [166, 167]. A synergistic effect of 
ATRA and 1,25{OHhD3 to induce monocytic 
differentiation of U937 promonoblasts was 
observed [168], and preexposure of these 
cells to a moderate thermal stress enhanced 
the 1,25{OHhD3 and ATRA mediated diffe
rentiation, possibly as a result ofHSP activity 
[169]. Possibly synthetic peptides could be 
designed to mimic HSP activity in vivo and 
thereby increasing steroid hormone activity. 

A large array of orphan receptors has re
cently been cloned for which the naturalli
gand has been identified [170]. Many of 
these appear to interact with other steroid 
hormone receptors. For example, LXRa. has 
recently been cloned [171] and 9cRA ap
pears to be a natural ligand of it. This recep
tor is only expressed in certain organs, in
cluding the spleen, and in the presence of 
9cRA appears to activate biological path
ways different from those mediated by 
RXR/RXR or RAR/RXR. Furthermore with
in the LXR-RXR heterodimer, the RXR is not 
a silent, non-ligand activated receptor, as in 
many other cases, but rather transactivates 
genes too. This receptor, and other orphan 
receptors possibly allow for further levels of 
steroid hormone control of cancer cells and 
require additional study. 
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Growth Factors in the Treatment of Acute Lymphoblastic Leukemia 

W. K. HOFMANN, O. G. OTTMANN and D. HOELZER 

Introduction 

Previous studies in lymphomas, solid tu
mors and following bone marrow transpla
tation have demonstrated that G-CSF and 
GM -CSF are able to accelerate neutrophil re
covery, reduce the infection rate and allow 
dose intensification of chemotherapy [1-5]. 
In ALL patients substantial problems due to 
cytopenia are presented during induction 
phase and not only after chemotherapy such 
as in AML patients. Not only postinduction 
application of HGF but also parallel admin
istration to chemotherapy because of long 
induction treatment periods (4-8 weeks) is 
an approach for the use of G/GM-CSF. Nev
ertheless, reports of occasional G-CSF and 
GM-CSF receptor expression by Philadel
phia chromosome positive (Ph+) ALL and 
by ALL co expressing myeloid markers [6, 7] 
prompted some theoretical concern that G
CSF could stimulate leukemic cell popula
tions in individual patients (8). To date, sev
eral clinical trials in both adult and child
hood ALL have examined the feasibility and 
potential clinical value of HGF in conjunc
tion with induction and early postremission 
chemotherapy for ALL. 

GM-CSF in ALL 

There are only a few studies using GM -CSF in 
ALL-patients. Kantarjian et al. [9] studied 34 
refractory adult ALL-patients who received 

GM-CSF after high-dose cytarabine and mi
toxantrone and an identically treated histori
cal control group (n=29). Recovery of granu
locyte counts above 500 /!li was observed 
eight days earlier in the GM-CSF treated pa
tients compared with historical controls (25 
days vs. 33 days, p<O.Ol). There was a non
significant trend towards lower induction 
mortality in the GM-CSF group (6% vs. 
28%). Neither the incidence of febrile epi
sodes nor of documented infections were re
duced with GM-CSF, and complete response 
rates were identical in both groups. Survival 
was marginally prolonged in the GM-CSF
treated patients (31 vs. 20 weeks, p = 0.05), 
although this is not clinically relevant. 

GM-CSF did not ameliorate the degree or 
duration of chemotherapy-induced myelo
suppression when given concurrently with 
induction chemotherapy in a randomized, 
placebo-controlled study in high risk child
hood ALL (10). Likewise, GM-CSF did not 
influence the incidence of fever, number of 
hospital days, days on i.v. antibiotics or the 
number and severity of infectious complica
tions. 

G-CSF in Adult ALL 

The first prospective, randomized study of 
prophylactic G-CSF after induction therapy 
fo acute leukemia was conducted by Ohno et 
al. [11] in relapsed or refractory patients, in
cluding 30 patients with ALL. The response 
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to therapy was similar in both groups, and 
importantly, there was no indication of ac
celerated leukemic regrowth or enhanced 
relapse rate in response to G-CSF. Overall, G
CSF significantly accelerated neutrophil re
covery by approximately 1 week and reduce 
the frequency of documented infections as 
compared with the control group. 

Administration of G-CSF following inten
sive early postremission consolidation con
sisting of high-dose Ara-C, mitoxantrone 
and vincristine over 3 days was examined by 
Kantarijan et al. [12) in a nonrandomized 
study of 14 ALL-patients in first complete re
mission. The duration of neutropenia 
< 500/1-.Ll in the G-CSF treated patients was 
significant reduced compared with a histori
cal control group (14 days vs.18 days). There 
was a trend towards a lower incidence of feb
rile episodes, severe infections and early 
death, although it was not statistically signif
icant due to the small number of patients. 

Larson et al. [13) reported a significant re
duction in the duration of neutropenia with 
G-CSF in a randomized, placebo-controlled 
trial of 184 patients with ALL receiving in
duction therapy according to CALGB 9111 
protocol. Granulocytopenia < 1000/fli was 
reduced from 21 days with placebo to 15 
days with G-CSF in patients < 60 years, and 
from 29 to 16 days, respectively in the older 
(> 60 years) patients. Severe infections and 
death during induction were slightly, though 
not significantly less frequent in the G-CSF 
group. Overall, prophylactic administration 
of G-CSF appeared to benefit the elderly pa
tients in particular. The results are given as a 
overview in Table 1. 

The concomitant administration of G
CSF and induction therapy for adult ALL 
was first tested in two independent pilot 
studies by the German multicenter ALL 
study group (GMALL) [14) and by the Vien
na group [15), using a nearly identical chem-
0therapy protocol. These two trials differed 
in that G-CSF was given throughout the 
whole 8 weeks of intensive induction treat
ment by the Vienna group, that is in parallel 
to vincristine, daunorubicin, asparaginase, 
cyclophosphamide, cytarabine, and 6-mer
captopurine. In contrast, the GMALL pilot 
study restricted G-CSF administration to 
weeks 5-8 of induction (cyclophosphamide, 
cytarabine, and 6-mercaptopurine in pa
tients who had achieved a complete or par
tial remission following the first 4 weeks of 
induction). Both regimens applied prophy
lactic cranial irradiation and mediastinal ir
radiation in patients with T -ALL. These two 
trials mutually concluded that the adminis
tration of G-CSF concomitantly with this 
specific induction chemotherapy was safe, 
with a trend towards reduced neutropenia 
compared with historic controls. 

Based on these data, the GMALL in a sub
sequent randomized open-label study pro
spectively examined the utility of administer
ing G-CSF simultaneously with chemothera
py, as well as in combination with parallel 
prophylactic CNS and (in T-lineage ALL) 
mediastinal irradiation [16). Seventy-six 
adult patients with ALL were randomly as
signed to receive either G-CSF (n=37) or no 
growth factor (n=39) parallel to induction 
chemotherapy and prophylactic cranial irra
diation. The median duration of neutropenia 

Table 1. Randomized clinical trials with G-CSF or GM -CSF in adult ALL. PR, partial remission; CR1, complete 
remission 1 

Authors Pts Chemotherapy Growth n ANC< 500/jll Infections 
factor (days) (%) 

Ohno 1993 Refractory Induction G-CSF 20 19 
Placebo 28 45 

Geissler 1994 De novo GMALL G-CSF 12 21 8 
Induction I+II Control 12 30 42 

Larson 1994 de novo CALGB9111 G-CSF 15 3 
Induction Placebo 21 66 

Ottmann 1995 PR/CRI GMALL G-CSF 37 8 43 
Induction II Control 39 13 56 
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«lx109/1) during chemotherapy was 8 days 
in patients receiving G-CSF and 12.5 days in 
the control group. In patients with T-ALL, all 
of whom received additional mediastinal ir
radiation, a similar reduction from 1l.5 to 7 
days was observed. Non-viral infections were 
reduced by 50% (32 episodes in the control 
arm versus 16 episodes in the G-CSF arm). 
Chemotherapy was completed significantly 
earlier with the use of G-CSF (39 versus 44 
days, p=0.008), as a consequence of fewer 
prolonged interruptions of chemotherapy 
administration. Delays of 2 weeks or more 
occurred in only 24% of patients receiving G
CSF as opposed to 46% in the control arm. At 
a median follow-up of 22 months, the prob
ability of disease-free survival was not signif
icantly different between the two groups. 

G-CSF in Pediatric ALL 

The efficacy and safety of prophylactic G
CSF in ALL is further supported by a ran
domized, open-label trial in children with 
high risk ALL treated in the ALL-BFM-90 
study [17]. Thirty-four patients were ran
domized to receive either successive 6-day 
cycles of multiagent chemotherapy alone or 
followed by G-CSF starting on day 7. The av
erage incidence per cycle of febrile neutro
penia was significantly reduced in the G-CSF 
group (17% vs 40%; p=0.007). The median 
total duration over all treatment cycles were 
6 days per patient in the G-CSF group as 
compared with 20 days per patient in the 
control group (p=0.02). 

Despite to this results the largest study at 
this time involving children with ALL was 

published by Pui et al. [18] who found that, 
as compared with a placebo group, children 
receiving G-CSF after intensive chemothera
py did not have a significantly lower rate of 
hospitalization for febrile neutropenia (58% 
vs. 68%), or significant fewer severe infec
tions (5 vs. 6). The G-CSF treatment did not 
influence the event-free survival at 3 years. 
However, the children treated with with G
CSF had shorter hospital stays (6 vs 10 days) 
and fewer documented infections (Table 2). 

A recent randomized trial by Mitchell et 
al. [20] showed similar results to those in the 
study of Pui but the overall costs were about 
20% lower in the G-CSF group. The G-CSF 
group had a significantly shorter median 
hospital stay than the placebo group (5 vs. 7 
days), fewer median days of antibiotic treat
ment (5 vs. 6 ays) and higher median neu
trophilic counts at discharge (1650 /JlI vs. 
740/Jll). 

Different results were obtained in similar 
trial designed to test the efficacy of G-CSF 
given concurrently with chemotherapy in 
children with newly diagnosed, intermedi
ate risk ALL. Thirty-two patients were ran
domly assigned to a group that received (14 
patients) or did not receive (18 patients) G
CSF throughout of the second phase of 
BFM-type induction therapy. Only 1 of 14 
(7%) patients in the G-CSF group and 2 of 18 
(11 %) patients in the control group complet
ed the course of chemotherapy within the 
scheduled time. The median lengths of this 
phase were essentially identical (37 vs. 36 
days). The number of days during which pa
tients had granulocyte counts of less than 
2000/JlI, the number of febrile episodes of 
unknown origin, the number of bacterial 

Table 2. Clinical trials with G-CSF in pediatric ALL. HR, high-risk; CRl, complete remission 1. * over all cycles 

Authors Pts Chemotherapy Growth n ANC <500 If!l Infections 
factor (days) (%) 

Calderwood 1994 HR Consolidation GM-CSF 20 6 81 
CRI Placebo 20 7 79 

Dibenedetto 1995 HR Consolidation G-CSF 14 16 14. 
CRI Control 18 19 11 

Welte 1996 HR BFM90 G-CSF 17 17* 30 
Consolidation Control 17 62* 44 

Pui 1997 Induction G-CSF 73 5 16 
Placebo 75 13 36 
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and fungal infections and the number of 
days of hospitalization did not differ in a sta
tistically significant manner between the 
two groups. In contrast to the results ob
tained for adults, these data suggest that G
CSF supportive therapy may be unnecessary 
in children with neutropenia of short dura
tion, for whom the risk of infection is low. 

Future Aspects 

The majority of studies using G-CSF in ALL 
obtained a reduced rate of febrile episodes 
and a trend towards fever infections. This re
sults in a reduction in the duration ofhospi
talisation. This may be important in the 
quality oflife in ALL-patients, particulary in 
children, who received intensive treatment 
for ALL [21,22]. However, one may argue 
that this will not outweight the additional 
costs caused by the treatment with HGF. 
Thus one of the aim in future studies is to de
termine the optimal timing of G-CSF post 
chemotherpy, that is the minimal require
ment of G-CSF in days to obtain the above 
benefits, but with lesser costs. Conventional 
G-CSF is given from day 1 postchemothera
py up to neutrophilic recovery. The goal is to 
give it for a shorter duration in a hope to see 
the same effects. The question is whether a 
delayed start of G-CSF at a time when early 
bone marrow progenitor cells start their re
generation after myelosuppression is effec
tive in the same way such as the start of G
CSF administration the day after the end of 
cytotoxic therapy. A first study of this con
text was published by Elonen et al. [23]. In a 
small number of adult ALL-patients who re
ceived a treatment with mitoxantrone, etop
oside, and intermediate dose cytarabine two 
schedules for G-CSF application were used: 
In 19 patients G-CSF was started 2 days after 
the last dose of chemotherapy. In 16 patients 
G-CSF was started 9 days after the last dose 
of cytotoxic treatment. There were no differ
ence between both of the groups with regard 
to duration of neutropenia (20 vs. 18 days), 
days with feveral episodes (6 vs. 6 days), days 
on antibiotics (23 vs. 28) or hospitalization 
duration (29 vs. 28 days). 

Therefore we initiated a randomized, 
multicentre study to evaluate the efficacy of 

1111 HD Ara-C 
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Fig. 1. Treatment schedule of delayed G-CSF after 
high-dose cytarabine/mitoxantrone treatment in 
adult ALL 

a delayed start of G-CSF after therapy with 
high-dose cytarabine and mitoxantrone in 
patients with high-risk ALL who were treat
ed according to GMALL-protocol (Fig. 1). 
The median onset of granulocytopenia 
< 500/f1l is 7 days, the median duration of 
ANC- <5001111 is 14 days without G-CSF re
spectively. The aim of the study is to show 
that there is an improvement of the rate of 
treatment-associated morbidity and mor
tality in the G-CSF groups compared with 
historical controls but without a difference 
between the two study arms using G-CSF 
(Fig.1). 
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Control of Leukemia Proliferation in vivo in Patients: 
In vivo Cytokine Production 
H. D. PREISLER, X. Z. GAO, H. CHOPRA, E. DEVEMY, P. VENUGOPAL, and S. BI 

Abstract. Preisler et al. first provided evi
dence that cytokine production by AML cells 
in vitro may not reflect cytokine production 
in vivo in patients. To address this question 
we placed bone marrow aspirate cells into 
GITC immediately after removal from the 
patient. Parallel marrow aspirates were 
placed on ice, sent to the laboratory and then 
placed into GITC after density cut separation 
or macrophage removal. Multiplex rtPCR 
was used to detect transcripts for ILl~, 
TNFa, HSCF, GMCSF, IL6, ILlra, flt3. Among 
13 patients studied, transcripts for ILl ~ were 
detected in 12, TNFain 7, ILlra in 3 of9 stud
ied. Among AML which did not produce 
TNFa, there were 4/4 CRs while there was 6 
treatment failures among 6 patients whose 
cells contained TNFa mRNA with the one 
"CR" being characterized by persistent dys
plasia with leukocytosis upon marrow re
covery. Repeat studies during remission in
duction therapy were performed in 4 pa
tients. HSCF appeared in one patient and was 
associated with leukemia cell proliferation 
during treatment. The appearance of ILlra 
transcripts was associated with a significant 
fall in the proliferation rate of the AML cells. 
As a result of in vitro processing of cells, 
TNFa transcripts appeared in 4 specimens, 
HSCF in 4, GMCSF in 4, IL6 in 4. There were 4 
CR among 5 pts whose leukemia cells did not 
produce GMCSF in vitro and no CRs among 
4 pts whose AML cells produced GMCSF in 
vitro. These data demonstrate that cytokine 
production by AML cells differs among pa-

tients and such differences appear to have 
clinical significance. Further, cytokine pro
duction during treatment can change and is 
associated with clinical consequences. In vi
tro assessments of cytokine production can
not be used to characterize cytokine produc
tion by AML cells in patients but may be pre
dictive of response to therapy. 

Introduction 

Studies of the proliferation rates of AML 
cells in vivo in patients [1] led to the surpris
ing observation that long term response to 
therapy was best in patients with rapidly 
proliferating disease [2]. This observation 
seemed paradoxical given the widely accept
ed fact that rapidly proliferating cells are 
more sensitive than slowly proliferating cells 
to cytotoxic therapy. Upon further consider
ation and additional observations, it became 
clear that the basis for this relationship is the 
fact that leukemia cells regrow between 
courses of therapy and that the more rapidly 
proliferating the leukemia cells the more 
rapid their regrowth. Such regrowth offsets 
at least some of the benefits of the prior 
course of chemotherapy [3,4]. 

Treatment Failure in AML 

The treatment problems posed by AML dif
fer depending upon the nature of the dis-
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ease. For patients with standard prognosis 
disease the problem of extending remission 
durations is the most important challenge 
since 75% of these patients will enter remis
sion with currently available therapies. In 
contrast, for patients with poor prognosis 
disease [history of toxic exposure, prior 
myelodysplasia, and/or age over 70] [5] suc
cessful remission induction occurs in usual
ly less than 50% of cases. Hence the focus of 
new therapies should be towards extending 
remission durations in standard prognosis 
patients and improving the remission rate in 
poor prognosis patients. 

While there is no doubt that classical drug 
resistance plays a significant role in treat
ment failure in all types of AML, treatment 
failure generally results from the combined 
effects of both classical and regrowth resis
tance. This paper will focus on the latter. 

Alteration of AML Proliferation in Vivo -
Treatment of Standard Prognosis Patients 

Given that complete remissions are induced 
in 85% of patients with standard prognosis 
AML who survive remission induction ther
apy and given that upon relapse at least 50% 
of the relapsed patients can be induced back 
into remission by the administration of the 
same chemotherapy, it appears likely that 
classical drug resistance per se is not the pri
mary cause of treatment failure in these pa
tients. What is meant by this statement is 
that the leukemia cells of the vast majority of 
standard prognosis patients are at least 
moderately sensitive to cytotoxic therapy 
and that relapse results from the regrowth of 
these "sensitive" cells. The ease at which 
one-half of the patients who relapse can be 
induced back into remission demonstrates 
that the leukemia cells which regrow are still 
drug sensitive. The situation is diffent for 
patients with multiply relapsed disease. 

This being the case, then the inhibition of 
leukemia regrowth between courses of ther
apy should improve the efficacy of currently 
available therapy. To this end we evaluated 
the effects of administration of the combi
nation of 13-cis retinoic acid and a-interfer
on (RA/IFN) on the proliferation rate of 
AML cells. In vitro studies suggested that the 
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antiproliferative effects of this combination 
was at least additive in myeloid leukemia 
(Fig.1a). 

Studies in vivo in patients have demon
strated that this combination of biological 
agents can slow the proliferative rate of AML 
cells in some patients [6] and induce apopto
sis as well (Fig. 1 b,c). These observations led 
to AML protocol 91 02 in which the combina
tion of RA/IFN is administered between 
courses of remission consolidation therapy 
and subsequent to the end of treatment. The 
remission duration curve in Fig.1d strongly 
suggest that this regimen is substantially 
more effective than our predecessor proto
col in which the same chemotherapy was ad
ministered [7] but without the RA/IFN. On 
the basis of the initial protocol design an ad
ditional 9 patients must be entered onto the 
protocol and followed for 11/2 years for the 
protocol results to be determined. 

The Problem of Poor Prognosis AML
The Failure of Postinduction Treatment 
withRAlIFN 

The treatment of poor prognosis AML is 
much more difficult and complicated than 
that of standard prognosis disease. In this 
disease or set of diseases treatment failure 
among surviving patients can be associated 
with the regrowth of leukemia or myelodys
plastic cells, either at the end of remission 
induction therapy or as the termination of 
remission [8,9]. This reality is a reflection of 
the fact that the development of secondary 
AML is the result of the successive over
growth of increasingly abnormal cell popu
lations (Fig. 2a) and that in the majority of 
patients all populations of cells are still 
present in the patient at the time of diagno
sis of AML (Fig. 2b). Hence the outcome of 
remission induction therapy is determined 
by both the relative drug sensitivity of the 
populations (which determines the number 
of cells in each clone which survives remis
sion induction therapy) as well as their rela
tive regrowth rates. 

The clone with the greatest proliferation 
advantage will repopulate the marrow if all 
cell populations are equally represented at 
the end of treatment (Fig. 2b). Clearly the 
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Fig. la. Comparison of the ef
fects of RA and IFN alone and 
in combination on the pro
liferation of CML cells in vi
tro 

% S Phase (U) 

<0 
M • 
0 
M 

<0 
(\J 

• • 
0 I (\J 

• 
<0 I 

• 
0 • 

100 

80 
If 
'a 
i 60 
'0 
- .co 

20 

o 

p. Q.1'I 

n. l' 

• 
I 
I 
I 
• 1---- • <0 

Day 1 Day 4 

Pli 

Fig. lb. Effects of a 3-day administration of the % 
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latter is not the case. Since for the develop
ment and evolution of the secondary hemat
ologic diseases to occur each succeeding cell 
population must have a proliferative advan
tage over its predecessor population, the 
proliferative advantage must be ordered in 
the following sequence, AML > MDS > 
preMDS > normal. Hence the repopulation 
of the marrow by MDS cells after treatment 
must indicate that the AML cells were more 
drug sensitive than the MDS cells. To in-
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Fig. 1<. Effects of 3 days of RA/IFN on marrow apop-
tosis in vivo in AML patients 

crease the effectiveness of remission induc
tion therapy in patients, the suppression of 
the regrowth rates or proliferative advantag
es of the abnormal cell populations over that 
of the normal cells must be accomplished. 

Our initial attempts to accomplish this 
goal by the administration of RA/IFN im
mediately after the end of remission induc
tion therapy was not successful (Table 1). At 
least one of the reasons for the lack of suc
cess of this approach was the increased pro-
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Fig. 2a. The evolution of the 
secondary hematologicdisor
dersrepresented as the suc
cessive overgrowth of newly 
emerging cell populations 
which have a prolife-ration 
advantage over the popula
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portion of deaths during remission induc
tion therapy perhaps a reflection of the fail
ure of these biological agents to suppress 
the myelodysplastic cell population and 
perhaps also as a result of the suppressive 
effects of the combination on the regrowth 
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Fig. 2b. Schematic representa
tion of the disordered mar
row cell populations present 
in poor prognosis patients at 
the time that treatment 

of normal hemopoietic cells. Studies of the 
myelodysplastic syndromes suggest that 
aberrant cytokine production, especially 
TN Fa, may playa significant role in the pro
liferation advantage of some MDS cell pop
ulations [10]. 



Table 1. Remission induction outcome for patients 
with poor prognosis AML treated with pulsed HDa
ra C/mitoxantrone therapy 

CR = 11 (includes 2 patients with myelodys-
plasia in CR marrow) 

NCR 2 (defined as normal bone marrow but 
persistent cytopenia) 

PR 4 
RD 4 (documented drug resistant disease) 

Died during induction = 6 
* Day 1 araC 2 g/m2 t=O, t=12 h 

MTX. - 30 mg/m2 t=O, t=12 h 
Day4 araC2g/m2t=0,t=12h 

MTX - 30 mg/m2 t= 15 h 

Studies of the Biology of AML Cells in Vivo in 
Patients - Cytokine Production by AML Cells 

AML cells do not proliferate autonomously 
in the sense that their proliferation is depen
dent upon the presence of cytokines in their 
environment, whether produced by the AML 
cells themselves, by other cells in the envi
ronment,or added to culture media [11, 12]. 
Studies by our group [13], as well as by one 
other group [14], suggested that the in vitro 
manipulation of AML cells during prepara
tion for study could alter cytokine produc
tion. Hence the question was raised as to 
whether or not information regarding cyto
kine production by AML cells which is based 
on in vitro studies provide accurate infor
mation. 

To address this question we dissolved 
AML cells in GITC immediately after they 
were removed from the patient and also af
ter standard in vitro processing. These stud
ies demonstrated that among the cytokines 

Table 2 

Multiplex rt peR 
p-actin 

ILiP 
TNFa 

IL6 
GMCSF 
HSCF 

flt3 

ILira 

listed in Table 2, AML cells contain tran
scripts only for ILl ~ and TNFa. They do not 
contain either GMCSF or IL6 transcripts 
(Table 3). The question then arises as to 
whether cytokine production by AML cells 
is biologically and elinically significant. As 
illustrated in Fig. 3a the presence of TNFa 
transcripts appears to be associated with a 
reduced likelihood of successful remission 
induction therapy. Preliminary data suggest 
that AML cell populations containing TNFa 
transcripts proliferate at a higher rate than 
AML cell populations which do not (Fig. 3b) 
while in vitro studies are compatible with 
this concept (Fig. 3c). 

It had been suggested in the past that the 
administration of cytotoxic therapy to AML 
patients was associated with an increase in 
cytokine production by AML cells and that 
this increase was associated with an increase 
in the proliferative rate of the AML cells [15]. 
We have begun to address this question us
ing the methods which we developed for as
sessing cell proliferation in vivo and cyto
kine production. Our initial data are com
patible with the concept that cytokine pro
duction can change during remission induc
tion therapy and that such changes are asso
ciated with a change in the proliferation 
rates of the AML cells (Fig. 3d). One would 
expect that an increase in the proliferation 
rate could be associated with regrowth re
sistance. 

Exploratory studies of cyelin D and cy
elin E expression were conducted to deter
mine if the % of cells expressing these genes 
was related to treatment outcome. Among 
22 marrows studied for cyelin D expres-

Cytokine mRNA in AML Cells in 
vivo in Patients 

After in .ilro processing: ~~Sf (81".) 

HSCf 

Table3 
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sion, the average % cells containing the pro
tein was 95±2.5%. With respect to cyclin E, 
expression was detected in 13.6± 13% of 
cells. Preliminary evaluation failed to de
tect any relationships between cyclin ex
pression and treatment outcome. In con
trast, the % cells containing bcl-2 protein 
was higher in patients who failed to enter 
remission than in patients who did enter 
remission [38% vs. 83%, p=O.OOI5]. The 
possible relationship between the expres
sion of this gene and regrowth resistance 
has already been described [16]. The 
amount of bcl-2 protein within leukemia 
cells was also higher in patients who would 
not enter remission. Division of treatment 
failures into documented resistant disease 
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ILlp+TNFa 

Fig. 3a. Association between 
TNFn transcripts and remis
sion induction outcome 

Fig.3b.Percent S phase leukemia marrow cells in vivo 
in patients: comparison of AML containing and not 
containing TNFn transcripts 

.wlo 
TNFa 

O.w. 
TNFa 

Fig.3c.Effects ofTNFa on DNA 
synthesis by AML cells in vi-
tro 

and "other" failures [17] demonstrated that 
both types of failure were associated with 
high bcl-2 expression. 

Insights Obtained from Studies of Cytokine 
Production by AML Cells in Vivo 

The effects of in vitro processing on cyto
kine gene transcription in AML cells are rep
licated by the effects of processing in vitro 
on cytokine production by MDS and chron
ic myelogenous leukemia cells. Hence at the 
present time cytokine production by cells 
can only be accurately performed on cells 
without in vitro processing. This reality 
presents obstacles to any studies which are 



Fig. 3d. Effects of cytotoxic ther
apy on the %5 phase cells in vi
tro in the marrow and on cyto
kine transcripts in the same 
AML cells. Note that in two pa
tients therapy had no effect on 
cytokine transcripts and in 
both patients chemotherapy 
was associated with a modest 
fall in %5 phase cells. In one pa
tient, transcripts for ILl recep
tor antagonist appeared and in 
this patient the % leukemic cells 
in 5 phase dramatically fell. In 
contrast, in one patient tran
scripts of 5CF appeared during 
treatment and in this patient 
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there was a significant increase in the %5 phase AML cells 

dependent upon in vitro processing, includ
ing cell seperation procedures. 

The ability to study cytokine transcripts 
led to studies directed towards assessing cy
tokine transcripts present in normal, 
preMDS (defined as the presence of mono
clonal hemopoiesis in patients cured of ma
lignant disease by cytotoxic therapy), MDS, 
and AML cell populations. Figure 4 com
pares the cytokine transcripts present in 
each of these different cell populations. Sev
eral interesting observations have been 
made even at this early date in our studies. 
With respect to the evolution of the secon
dary hematologic disorders, the are signifi
cant reductions in stem cell factor and ILl 
receptor antagonist transcripts during the 
evolution of these diseases together with 
what appears to be a gradual fall in flt-3 li
gand transcripts. 

Several apparent associations are of par
ticular interest: 

1. The fall in SCF transcripts which is char
acteristic of evolution to MDS appears at 
the same time that the in vitro prolifera
tion defect appears, a defect which is 
most apparent in the proliferation of 
erythroid progenitors in vitro. Since the 
addition of SCF has a profound stimula
tory effect on MDS BFUe proliferation in 
vitro, this observation suggests that the 
fall in vitro proliferative ability and the 
fall in SCF production by MDS cells may 
be causally related. 

2 The more modest fall in MDS marrow 
production of flt-3 ligand parallels the 
more gradual fall in myeloid colony for
mation in vitro. A possible causal relation
ship is suggested by stimulatory the ef
fects of flt-3ligand on MDS myeloid colo
ny formation in vitro. 

3 The continued synthesis of ILl P by cell 
populations as they evolve to AML togeth
er with the fall in ILl receptor antagonist 
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Fig. 4. Changes in cytokine 
transcript levels during the 
evolution of the secondary 
hematologic disorders 
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transcripts suggests that the loss of feed
back control on ILl ~ production and ef
fects plays a role in the development of the 
progressive proliferative advantage which 
characterizes the populations which 
emerge as the secondary hematologic dis
eases evolve to more malignant forms. 

4 The possible increase in TNFa produc
tion with the appearance of preMDS is 
compatible with our already described re
lationship between aberrant TNFa pro
duction and the genesis of MDS [10]. 

These data demonstrate that in parallel with 
the accumulation of genetic abnormalities 
which characterize the progression of the 
secondary hematologic disorders, there are 
parallel progressive changes in cytokine 
production which contribute to the progres
sive abnormalities in cell behavior also asso
ciated with progression of these disorders. 

Potential Therapeutic Approaches to the 
Treatment of AML 

Approaches to the suppression of leukemia 
regrowth include the direct suppression of 
the proliferation of these cells, the suppres
sion of the production of cytokines which 
stimulate leukemia proliferation, and the 
suppression of the effects of the cytokines 
on leukemia cells. 

With respect standard prognosis disease, 
while the administration of RA/IFN appears 
to produce significant prolongation of re
mission duration, patients still relapse and 
the therapy produces substantial constitu
tional symptoms. In some patients, pro
longed cytopenia together with the constitu
tional therapy limits our ability to adminis
ter this therapy. Hence one approach to im
proving remission durations is to develop 
more effective and less toxic biologic thera
pies. One interesting aside is that while the 
therapy was designed on the basis of the ap
parent ability of RA/IFN to reduce the pro
liferative rate of AML cells, its apparent ben
eficial effects may not accrue from this effect 
since the benefit appears in a higher propor
tion of patients than the proportion in 
whom a reduction in proliferation (which 
occurs during of 3 days' administration of 
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RA/IFN) occurs. It is possible that other ef
fects (induction of apoptosis for example or 
a direct inhibitory effect on clonogenic AML 
cells which would not be detected by in vivo 
assessments of cell proliferation rates), 
alone or in combination with the effect on 
proliferation, are responsible for the efficacy 
of these agents. In addition to these direct 
effects on AML cells, in some patients the ad
ministration of RA/IFN is associated with a 
reduction in AML production of ILl~ but it 
other cases an increase is seen. 

With respect to poor prognosis AML, sup
pression of the reappearance of MDS cells 
subsequent to remission induction therapy 
or during remission by itself would improve 
treatment outcomes. To this end, the admin
istration of noncytotoxic therapy designed 
to suppress the regrowth of MDS cells after 
the end of remission induction therapy 
might be beneficial. One approach is to ad
minister a combination of pentoxyfillin/cip
rofloxacin/dexamethasone which has been 
shown to produce clinical responses in pa
tients with MDS [18].Another approach is to 
administer amifostine after the end of treat -
ment. This agent has been reported to pro
duce clinical responses in MDS patients [19] 
and to increase the rate of regeneration of 
normal cells after the end of cytotoxic thera
py [20]. Further, as illustrated in Fig. Sa, this 
agent appears to inhibit the "spontaneous" 
proliferation of AML cells in vitro. Taken to
gether, the inhibition of MDS and leukemia 
regrowth, with the facilitation of the re
growth of normal elements, suggests an ideal 
solution to the problems associated with re
mission induction therapy in poor prognosis 
AML. Our current trial in which a single dose 
of amifostine is administered before remis
sion induction therapy and then three times 
a week after the end of remission induction 
therapy is addressing these possibilities. 

At the present time we are evaluating the 
effects of IL4 on AML and CML proliferation 
in vivo in patients. We became interested in 
this cytokine because of its reported ability 
to reduce ILl ~ production while increasing 
ILl receptor antagonist production [21]. As 
illustrated in Fig. Sb, the agent can reduce 
leukemia proliferation in patients and can 
also suppress ILlb production. Trials in 
CML and AML are being planned. 



Fig.Sa.Effects of a IS-min pre
incubation of AML cells with 
amifostine prior to being 
plated in methyl cellulose. 
Cells were cloned in the ab
sence of added cytokines so 
that the effects of amifostine 
on "spontaneous" leukemia 
proliferation could be deter
mined 
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Two additional biological agents will enter 
Phase I trials in the Rush Cancer Institute 
during the 1997/1998. The first is a human
ized monoclonal antibody to TNFa. We will 
first determine if this antibody reduces the 
proliferative rate of AML cells in vivo in pa
tients and whether or not it is well tolerated. 
If the answers are yes, we will then conduct a 
trial in which the antibody is administered 
immediately after the end of remission in
duction therapy to, determine if it has the 
capacity to prevent the regrowth of both 
MDS and AML cells. The second antibody is 
an antiILlb antibody. Interest in this anti
body stems from our earlier observations 
[22], as well as those of others [23], that the 
addition of the III P receptor antagonist pre
vents the proliferation of AML cells in vitro 
and from the observations described above 
that leukemic evolution appears to be asso
ciated with unrestrained III P stimulation. 
The possibility that normal hemopoiesis 
does not require the presence of III b makes 
interference with the effects of this cytokine 
an attractive possibility. 

Finally, both ILlP and TN Fa have signifi
cant paracrine effects. Hence it is likely that 
at least part of their biological effects in vivo 
on MDS and AML cell populations are medi
ated by other cytokines released in response 
to stimulation by IL 1 P and TNFa. Identifica
tion of these and their suppression would 
also be useful in the treatment of these dis
eases. 

Summary 

The propensity of leukemia cells [and MDS 
cells] to regrow between courses of and after 
the conclusion of cytotoxic therapy contin
ues to present a significant problem. The ob
servations that AML proliferation rates can 
be reduced by the administration ofbiologi
cal agents offers the possibility for suppres
sion leukemia regrowth. The administration 
of anticytokines directed against III P and 
TNFa holds out the possibility that the ad
verse effects of these two cytokines can be 
suppressed by the administration of anti-
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bodies to these two molecules. Interesting 
pilot studies of IL4 suggest that this agent 
may also playa role in the suppression of re
growth resistance. Finally, the molecule ami
fostine appears to have a significant poten
tial for increasing the remission induction 
rate in poor prognosis AML. 
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Hematopoietic Growth Factors: Supportive and Priming Effects in AML 
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Abstract. Growth factors have been adminis
tered after chemotherapy in 12 studies. Eight 
studies showed benefits in neutropenia and 
seven studies benefits in infections or survi
valor remissions. Clinical benefits are main
ly found in high-risk patients. There are five 
negative studies according to major bene
fits, all five studies using E. coli produced 
GM-CSF. Growth factors before or together 
with chemotherapy were given in nine stud
ies with trends to more remissions in one 
and to longer disease-free survival in three 
studies. Extending the priming strategy to 
more chemotherapy courses than having 
been done so far may further improve the 
antileukemic effect. 

For patients with AML hematopoietic 
growth factors have been administered in 
order to overcome two limitations of chem
otherapy, 
1. myelotoxicityand 
2. chemoresistance of minimal residual 

disease. 

As a part of supportive care growth factors 
have been used after chemotherapy in 12 
clinical studies [1-12],8 of them in older-age 
or otherwise high-riskAML [1,2,5,6,8-11]. 
The growth factors used were G-CSF in four 
[1-4], GM-CSF in seven [5,6,8-12] and M
CSF in one [7] of the studies. Beneficial ef
fects could be shown in the duration of neu
tropenia in eight studies [1-6, 11, 12], fre
quency of infections or fever in four studies 
[1,3,6,7], mortality or survival in two stud-

ies [5,6] and remission rate in two studies [2, 
4]. The benefits in remissions and survival 
were found among high-risk patients in 
three studies [2, 5, 6] and among standard
risk patients in one study [4]. The data from 
positive studies according to hematological 
and clinical benefits are listed in Table 1 for 
G-CSF and in Table 2 for GM-CSF and M
CSF. 

One large study in older patients failed to 
show a clinical benefit possibly due to dis
continuation of GM-CSF and placebo in a 
high-risk group of 34% (GM-CSF) and 31 % 
(placebo) of the patients [10]. One study in 
younger patients found disadvantages in the 
remission rate and event-free survival [12], 
whereas there was no adverse effect of 
growth factors on therapy resistance, leu
kemic regrowth or disease-free survival in 
the other studies. Table 3 shows the negative 
studies according to major hematological or 
clinical benefits with growth factors after 
chemotherapy. 

Growth factor priming strategies are 
based upon their stimulatory effect of AML 
blasts in vitro [13], their modulation of cellu
lar cytarabine metabolism [14] and en
hancement of clonogenic cell kill [15, 16]. 
Protective effects of growth factors against 
clonogenic cell kill [17] or apoptosis [18] 
were also described. There are data from 
nine clinical studies using growth factors be
fore or concomitantly with chemotherapy [9, 
11,12,19-24]. Data are listed in Table 4. One 
study showed a significance [9], two others a 
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Table 1. GF supportive use: positive studies I 

Benefit 
Study publication Ref. Risk GF Controls Neutropenia Other 

Japan 90 1 Rel.!refr. AL G-CSF Random 7d Infections 

France 2 65+ Y G-CSF Placebo 6d Remissions 
Italy 
Belgium 95 

Europe 3 G-CSF Placebo 5-7d Infections 
Australia 95 Antibiotics 

Hospitalisation 

Germany 4 G-CSF Placebo 6d Remissions 
Austria 
Greece 96 

Table2.GF supportive use: positive studies II 

Benefit 
Study publication Ref. Risk GF Controls Neutropenia Other 

Germany91 5 Relapse or 65+ Y GM-CSF (yeast) Historic 7d Early death 

ECOG95 6 55-70Y GM-CSF (yeast) Placebo 7d Infections 

Japan 95 7 Consolidation M-CSF 

Table 3. GF supportive use: negative studies 

Study publication Ref. Risk GF Controls 

Houston 90 8 Poor GM-CSF Historic 
(E. coli) 

GOELAM97 9 55-75Y GM-CSF Placebo 
(E. coli) 

CALGB95 10 60+Y GM-CSF Placebo 
(E. coli) 

EORIC/ 11 60+Y GM-CSF Random 
HOVON95 (E. coli) 
EORIC/ 12 1O-60Y GM-CSF Random 
GIMEMA96 (E. coli) 

tendency [20,21) to longer disease-free sur
vival, and two studies showed a trend toward 
more remissions [24,25). A disadvantage in 
the remission rate and survival was found in 
one study [12) whereas eight of nine studies 
did not find evidences for an adverse effect of 
growth factor priming on the course of the 
disease [9,11,19-24). In most studies, growth 
factor priming was only administered in 
connection with one or two chemotherapy 
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Survival 

Placebo Infections 
Antimicrobics 
Days for 3 courses 

Modalities Neutropenia GF Worse 

120mg/m2 

Discontinuation 2d 
in 34% (GM-CSF) 
and 31 % (placebo) pts. 

faster Fever 
recovery Fluid retention 

4d Remissions 
Event-free sur-
vival 

courses. One study giving 4-5 courses found 
a reduction in relapses during the first 6 
months [21) (Fig. I). 

In conclusion, a supportive use of growth 
factors may have its place in high-risk rather 
than standard-risk AML. Growth factor 
priming approaches may not have been ade
quately investigated so far and an extension 
of this strategy to more treatment courses 
now appears more promising. 



Table4.GF priming 

Study publication Ref. GF 

Houston 92 

GOELAM97 

South 
Germany 95 

EORTCI 
HOVON95 

EORTCI 
GIMEMA96 

AMLCG96 

Buffalo 93 
Houston 94 

Japan 94 

100 , 

~ 
~ 75 
Q) 

~ 

19 GM-CSF 
(E. coli) 

9 GM-CSF 
(E. coli) 

20 GM-CSF 
(E. coli) 

11 GM-CSF 
(E. coli) 

12 GM-CSF 
(E. coli) 

21 GM-CSF 
(Yeast) 

22 G-CSF 

23 G-CSF 

24 G-CSF 

1..1 ..... 1.., 

U'Lc..., 

Controls 

Historic 

Placebo 

Placebo 

Random 

Random 

Random 

Non-random 

Historic 

Placebo 

u.. :················1 ......... : 

Modalities Benefit GFWorse 

20 or 125 jlg/m2 Remissions 
0-8 d before chemoth. Survival 
3-4 Courses 

1-2 Courses DFS 40% vs. 19% 

3 Courses (DFS:O; 50Y,N.S.) 

1 Course 

1 Course 

4-5 Courses (DFS < 60Y,N.S.) DFS>60Y 

1 Course 

1 Course 

1 Course (Remission, N .S.) 

GM-CSF : N = 36 

Controls : N = 32 

III 50 ca 
Q) 
Ul 

,·····························1 ..................................................... 1..U ......... [.I. ......••.... I..1... ...... 1..1..1... ................ .1 

is 
"E 
~ 25 
Q) 
a.. p = 0.39 
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o 1 2 3 4 5 6 

Years since CR 
Fig. 1. German AMLCG study on GM-CSF priming in newly diagnosed AML. GM-CSF was given from 24 h 
before and then during and after chemotherapy in a total of 4-5 chemotherapy courses. Tick marks indicate 
patients without relapse 
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The Role of Growth Factors in the Treatment of AML 

H.LINK 

Abstract. Infections during neutropenia are 
major risk factors for morbidity and mortal
ity in chemotherapy of acute myeloid leuke
mia (AML). Up to 70% of patients suffer 
from fever during neutropenia. Thirteen 
comparative studies were analyzed, which 
were performed aiming at reducing the inci
dence of infections by stimulation of granu
lopoiesis with G-CSF or GM-CSF. In three 
trials the incidence of infections was re
duced, whereas the others failed. In the trial 
of Dombret the rate of complete remissions 
was significantly increased to 70% with len
ograstim as compared with 47% in the pla
cebo group. However, survival was not im
proved. The concept of sensitizing leukemic 
cells with G- or GM -CSF before chemothera
py failed in 6 studies. In our placebo-con
trolled trial with lenograstim (rhu-G-CSF) 
at a daily dosage of 150 flg/m2 following 
chemotherapy 93 patients received leno
grastim and 94 placebo. Within 50 days after 
the first chemotherapy cycle documented 
infections occurred in 58/93 (62.4%) pa
tients in the lenograstim group and in 54/94 
(57.4%) patients in the placebo group. After 
two induction cycles, the rate of complete 
hematological remission was 60.2% with 
lenograstim and 43.6% with placebo (p = 
0.028). The number of patients receiving a 
second chemotherapy cycle was 64/93 
(68.8%) with lenograstim and 49/94 (52.1 %) 
with placebo (p = 0.025). The duration of re
mission was similar in both groups. Follow
ing the first chemotherapy cycle, neutroph-

ils recovered after a mean (SE) of 12.6 (1.1) 
days with lenograstim and after 18.2 (1.1) 
days with placebo (p < 0.001). Lenograstim 
following chemotherapy did not reduce the 
incidence of fever or documented infections 
during the first 10 days after chemotherapy, 
however thereafter fewer patients became 
infected than with placebo. Conclusion: 
none of the published studies showed nega
tive effects of G-CSF or GM-CSF on the 
course of leukemia. G-CSF or GM-CSF can 
be safely given in AML for accelerating neu
trophil recovery Their effect on remission 
rate and infection has to be determined. 

Introduction 

Treatment of AML means reducing the ma
lignant cell population with combined cyto
toxic therapy, and inducing a hematological 
complete remission. Once a remission is 
achieved, further consolidation therapies 
for prolonging remission are necessary. 
Preferentially an allogeneic or if no donor is 
available an autologous bone marrow or 
stem cell transplantation should be per
formed. In patients up to fifty years, an event 
free survival probability of 37% with high 
dose ARA-C and of 72% with allogeneic 
BMT can be achieved [1,2]. All treatments 
are rather bone marrow toxic in order to 
maximally reduce the malignant cell clone. 
This leads to severe and prolonged bone 
marrow suppression with granulocytes be-
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topenia after chemotherapy 
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low 500/fJl for 20 days and below 1000/f.tl for 
25 days, as analysed in our own study group 
(see Fig. I). 

The use of the hematopoietic growth fac
tors G-CSF and GM-CSF has become stan
dard after intensive chemotherapy. How
ever, the sensitivity of malignant myeloid 
cells by expressing specific receptors for 
these growth hormones has been a major 
obstacle in using them for prevention of in
fections after chemotherapy. On the other 
hand stimulation of clonogenic malignant 
AML cells with growth factors into cell cycle 
could render them more susceptible to 
chemotherapy. Therefore clinical and bio
logical end points have to be considered, if 
G-CSF or GM-CSF are explored in clinical 
AML-trials. 

First, if G-CSF or GM-CSF are given fol
lowing chemotherapy, the aim is to reduce 
the duration of neutropenia and possibly to 
reduce the incidence and severity of infec
tions.As we know from studies with neutro
penic infections after chemotherapy [3), the 
patients with rising leukocytes respond bet
ter with significantly fewer infectious deaths 
than patients with stable or declining leuko
cytes, if they had been below 500/f.tl at the 
onset of infection (see Fig. 2). 

G-CSF (Lenograstim) in Acute Myeloid 
Leukemia, the Study ofthe SHG 

We have performed a multicenter placebo 
controlled double blinded study with leno
gras.tim following cytotoxic chemotherapy 
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on newly diagnosed AML, with the aim, to 
reduce the incidence of infections during 
neutropenia [4). By this way outcome 
should be improved. Furthermore morbid
ity of chemotherapy induced neutropenia 
should be reduced. A total of 187 patients 
was randomised, with a planned interim 
analysis with 100 patients. The participants 
of this international study are listed in Table 
1. 

The objectives of the trial were: 
1. The incidence of neutropenic infections 

during the first 50 days after cytostatic 
induction chemotherapy. 

2. The time to recovery of neutrophils 
> 500/f.L1. 

3. Influence on rate and duration of hem at
ological remission. 

4. The analysis of side effects, especially the 
assumed stimulation ofleukemic blasts. 

Table 1. Participants of the lenograstim study in 
Europe 

Cooperative AML study group of the SHG 

G. Ehninger, Dresden 
R. Gackle, Stuttgart 
M. Gramatzki, Erlangen 
W. Linkesch, Graz 
D. Niederwieser, 

Innsbruck (A) 
S. Ohl, Wuppertal 
E. Pittermann, Wien (A) 
P. Schonrock-Nabulsi, 

Hamburg 
H. Wandt, N iirnberg 

A. Franke, Magdeburg 
T. Geer, Schwabisch Hall 
H. Link, Hannover 
D.Lutz,Linz (A) 
E. Nikiforakis, Athen (GR) 
B. Otremba, Oldenburg 
H. Schmidt, Tiibingen 
J. Tischler, Minden 
J. WeiB, Regensburg 
M. Wilhelm, Wiirzburg 

Supported by S. Badri, Chugai RhOne-Poulenc,Anto
ny(F) 
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sponse in patients with positive 
blood culture (p < 0.001) 
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The study drug (lenograstim 150 Ilg/m2 or 
placebo) was given daily as short i.v. infu
sion, beginning 24 h after the last chemo
therapy until 500 neutrophils/lll were 
reached for 3 consecutive days. The maximal 
treatment period was 28 days after each 
chemotherapy cycle. Patients were stratified 
according to age ::::; and > 60 years and for 
the different AML-treatment protocols. The 
study drug was given after each chemo
therapy and for a maximum of 4 cycles. 

Infections were classified as microbiolog
ically, clinically or clinically and microbio
logically documented and as fever of un
known origin [3] .At the final analysis 93 pa
tients had received G-CSF and 94 placebo, 
their median age was 52 and 54 years respec
tively. The types of chemotherapy were com
parable in both groups. 

Documented infection until 50 days after 
the first induction cycle occured in 58 (62%) 
of93 patients with G-CSF and in 54 (57%) 94 
patients with placebo. A complete hemato
logical remission after two induction cycles 
was achieved in 63 % with G-CSF and 45 % 
with placebo (p = 0.025). The median (stan
dard error) time to neutrophil recovery 
above 500 cells per III was 12.7 (1.1) days 
with lenograstim and with placebo 18.2 (1 .1) 
days (p = 0.001). There was no difference in 
adverse events and relapse rate between 
both groups. Several other comparative 
trials with G-CSF or GM -CSF have been re
ported in recent years and are summarized 
in table 2. When the impact of G-CSF or GM
CSF on the incidence of infections is ana
lysed it is assumed, that this effect is indirect 

by stimulation of granulopoiesis or addi
tionally monocytopoiesis. Considering the 
occurence of infections after chemotherapy 
early during neutropenia, these infections 
cannot be prevented as granulopoietic re
generation cannot be expected befor day ten 
if an usual bone marrow toxic chemothera
py regimen is applied. If the incidence of in
fections is analysed beyond day 10,as in our 
placebo-controlled study with GM -CSF after 
autologous bone marrow transplantation 
[5], then the occurrence of bacterial infec
tions is significantly reduced in parallel to 
the granulocyte recovery. One study [6] ana
lysed this effect separately for AML patients 
who had been afebrile for 9 days after the 
end of chemotherapy. Two 04%) of 15 pa
tients with G-CSF and 7 (29%) of 24 patients 
with placebo presented infectious episodes. 
One (7%) patient with G-CSF and 7 (29%) 
patients with placebo developed document
ed infections 1 week later (6). The number of 
patients being too small for a statistical 
analysis; these data, however, show that in
fections might be reduced by an accelerated 
neutrophil recovery. With lenograstim we 
found a smaller proportion of new infec
tious episodes after day 10 following chemo
therapy (Fig. 3).This effect was also seen 
after the second and third chemotherapy 
cycle. 

Studies with G-CSF or GM-CSF in AML 

Several comparative studies have been per
formed with either GM-CSF or G-CSF after 

323 



Cum. Proportion 

~~~,. ~--~--~--------------~--~ 
0.8 - '---+--

'---.--------- .. --------- .. -----------------;--.. ------_.-----.. ----------------------- .. 
0.6 -

0.4 -

0.2 -

o -L-.-I--------'I----------.-I--------'I----------r-I--------~I--------~ 
10 15 20 25 30 35 40 

days 

-Lenograstim (rhu-G-CSF), n=40 • censored--placebo, n=52 • censored 

Fig.3. Incidence of first bacterial infection after chemotherapy 

Table 2 a. Effects of G-CSF orGM -CSF in AML therapy, as shown in clinical trials 

Study G-CSF n Days to Infection CR-rate % Remis- Survival 
h: historical control during neutrophils 500/lll rate G-CSF, sion 
p: placebo controlled therapy G-CSF, controls controls length 

Ohno 1990 (8) 61 20 28 ~ 57 39 
Ohno 1994 (6) P + 58 17, 22 54 42 
Estey 1994 (9) h + 197 6", 29" 53 63 
Heil1995 (10) p 521 20 25 ~ 69 68 
Dombret 1995 (7) p 173 21", 27" 70 47b 

Maslak 1996 (11) h 26 13 17 58 46 
Link 1996 (4) P 187 13, 18 63 45' 

" Days to 1000 neutrophils/Ill. 
b p= 0.002; 'p= 0.0l2. 

Table2b 

Study Stimul- n Days to Infection CR-rate Remission Survival 
p: placebo-controlled ation neutrophils rate GM-CSF, length 

of 500/lll controls 
blasts GM -CSF, controls 

Buchner 1994 (12) + 94 Shorter with 81 84 
GM-CSF 

Rowe 1995(13) p 124 16 20 ~ 61 46" i 
Stone 1995 (14) P 388 15 17 52 54 
Heil1995 (15) p + 80 12 11 81 79 
Lowenberg 1995 (16) + 326 Reduced with 56 57 

GM-CSF 
Witz 1995 (17) p + 244 22 27 62 61 Disease free survival i 

"p < 0.05. 
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AML chemotherapy, see Table 2. In 11 of l3 
studies, neutropenia was reduced, however 
the difference being small in some of them 
with GM-CSF. The rate of infections was de
creased in only three studies. An increased 
rate of complete remission was reported in 
two studies and a trend towards a higher re
mission rate in one trial. Two studies report
ed an improved survival of the patients. Of 
note, however, is that in none of these studies 
was disease progression reported. The high
er remission rates in some trials might be 
due to the fact that therapy could be con
ducted more consequently with G-CSF than 
with placebo. In our study significantly 
more patients received a second chemother
apy cycle for remission induction with G
CSF (6S.S%) than with placebo (52.1 %), P = 
0.025. In the study of Dombret [7], a higher 
response rate with G-CSF was mainly ob
served in patients with residual marrow 
blasts by day S. This was confirmed by our 
trial, with a complete remission rate of 62% 
with lenograstim and of 26% with placebo 
(p = 0.0009) in patients with >2% blasts by 
dayS. 

Conclusion 

In conclusion, the duration of neutropenia 
can clearly be shortened, the infection rate 
and duration of hospitalisation might be re
duced. For further reduction of neutropenia 
and of infections, the addition of autologous 
peripheral blood progenitor cells might be 
considered. The improvement of remission 
rate and survival is only shown by a minor
ity of studies. It might be due to an exacter 
dosage of drugs and a preciser conduct of 
the chemotherapy protocol, rather than by 
biological effcts of the growth factors on the 
clonogenic malignant cells. However, G-CSF 
or GM-CSF can be given without the risk of 
leukemic stimulation. Thus G-CSF can be 
given safely following the treatment of AML 
as in the intensive chemotherapy of other 
malignancies. 
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Abstract. AML disease in elderly patients is a 
frequent and severe disease with a high early 
death rate, low complete remission rate, and 
short median survival. By reducing the in
tensity of the induction treatment the com
plete remission was reduced. The proposal is 
to give an intensive chemotherapy to elderly 
patients in order to have a high complete re
mission rate associated with a drug which 
potentially minimizes the early mortality. 
Since the early promising reports, several 
large prospective, randomized controlled 
trials have assessed the efficacy of G-CSF in 
elderly patients. No significant induction of 
leukemia regrowth was observed in the vari
ous trials with either G-CSF or GM-CSF. No 
clear reduction in chemotherapy related 
mortality was observed. CSFs increase the 
complete remission rate after intensive in
duction treatment in patients with poor 
prognosis factors mainly patients with per
sistant blast infiltration in bone marrow af
ter induction treatment. CSFs could also im
prove the survival time in some cases, main
ly in the younger population of elderly per
sons. 

Introduction 

Acute myeloid leukemia (AML) in the elder
ly is a frequent disease. More than 40% of pa
tients with AML are over 65 years old at the 

time of diagnosis [1,2]. AML disease in eld
erly patients often has poor prognostic fac
tors such as involvement of immature pro
genitor cells [3] or myelodysplastic features 
or a prior myelodysplastic syndrome [4,5], 
and particular chromosomal abnormalities 
[6,7,8] such as monosomy 7 or the loss of the 
long arm of chromosome 5. 

The mortality rate during induction ther
apy increases with age. For patients over 55 
to 60 years of age, the treatment related early 
death rate is in the range of 25 to 40% [9,10, 
11,12]. 

If complete remission is achieved in more 
than 75% of adults less than 60 years old, 
only about 45% of elderly patients receiving 
similar treatment have a complete remission 
[13,14,15]. In the AML 8 trial in UK [13] the 
complete remission rate is directly related to 
the age (70% before 60 years old, 52% 
between 60-69 years old, and 26% after 70 
years old). 

The median survival, even after complete 
remission, still remains relatively short 
between 9 to 12 months, in elderly AML pa
tients [10, 12, 16], although a relatively low 
median age of enrolled patients (::; 70 
years). 

From these poor results, high early death 
rate, low complete remission rate, short me
dian survival, several approaches were at
tempted to improve the outcome of the acute 
myeloid leukemia in elderly patients. 

Service CJinique des Maladies du Sang, Hospital Saint Louis, I, avenue Claude Vellefaux, 75010 Paris, 
France 
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Is It Possible to Reduce Early Mortality 
by Reducing the Intensity of the Induction 
Treatment? 

A multicentric randomized trial was con
ducted comparing low dose Cytosine Ara
binoside (LD Ara-C) to conventional chem
otherapy (Daunorubicin and Cytosine Ara
binoside) [15] in order to reduce the early 
mortality. The early death rate was 10% in 
patients treated by LD Ara-C, compared to 
32% in patients treated by conventional 
chemotherapy. The number of transfusions, 
days of hospitalisation and the antibiotic re
quirements were reduced in patients treated 
byLD Ara-C. The median survival was simi
lar in both population. Thus the early mor
tality rate is reduced while simultaneously 
the complete remission was also reduced. 

Are the Growth Factors Able to 
Reduce the Early Mortality Rate? 

The proposal is to give an intensive chemo
therapy to elderly patients in order to have a 
high complete remission rate, associated 
with a drug which potentially minimizes the 
early mortality. Infections cause approxi
mately two third of treatment associated 
deaths [17,18,19]. The use of myeloid CSFs 
could decrease the time of neutropenia and 
thus the number of infections. However the 
potential for in vitro cytokine stimulation of 
leukemia cells has reduced the enthousiasm 
in conducting trials with colony stimulating 
factors. 

The first trial was conducted by Buchner 
et al. [20,21]. GM-CSF was administered in 
30 elderly or relapsed AML patients with an 
aplastic bone marrow after the completion 
of chemotherapy. A historical control group 
of similar patients who had not received 
GM-CSF was used for comparison. The du
ration of neutropenia was reduced by 6 to 9 
days in patients treated with GM-CSF. The 
early death rate was significantly reduced 
(14 vs. 39%) and there was a trend towards 
more complete remissions in the GM -CSF 
group (50 vs. 32%). Remission durations 
were identical in both groups. Two patients 
experienced marked leukemic regrowth 
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with GM-CSF therapy; however, this was to
tally reversible in one of them once GM -CSF 
had been discontinued. 

In 1990, Ohno et al. [22] published the re
sults of the first Japanese randomized con
trolled study of G-CSF administered after 
the completion of induction chemotherapy 
in a heterogeneous population of patients 
with refractory or relapsed acute leukemia. 
Each patient received an individualized, re
sponse-oriented induction course of mitox
antrone, etoposide, and behenoylcytosine 
arabinoside. Mitoxantrone and occasionally 
etoposide doses were increased in cases of 
persistent blast cells in the bone marrow ex
amination on Day 8, Day 10, and sometimes 
Day 12. Only patients achieving a severe 
bone marrow hypoplasia after chemothera
py were randomized to receive G-CSF or pla
cebo. Even though patients treated with G
CSF received higher doses of chemotherapy 
than those treated with placebo, their neu
trophil counts recovered significantly ear
lier to a level higher than 500/mm3 or 
1000/mm3. The duration of neutropenia was 
decreased by about 1 week. The incidence of 
documented infections was significantly 
lower in the G-CSF group. There was no dif
ference between the two treatment groups in 
terms of leukemia regrowth with G-CSF / 
placebo therapy. Furthermore, there was a 
trend towards a higher CR rate in the G-CSF 
group (50% compared to 36% in the placebo 
group). Remission durations were similar in 
both groups. 

Since these early promising reports, sev
eral large prospective, randomized, con
trolled trials have assessed the efficacy of 
CSF (or GM and G-CSF) in elderly patients 
[23,24,25,26,27,28]. 

No significant induction of leukemia re
growth was observed in the various trials 
with either G-CSF or GM -CSF. 

Some investigators restricted CSF admin
istration to patients with a documented 
aplastic bone marrow after the induction 
course, as used in early Japanese and German 
reports. In contrast, the growth factor was 
administered not only after the completion 
of chemotherapy, but also during and occa
sionally before the chemotherapy in some 
studies. The effects of CSF in the history of 
the disease are detailed in Tables 1,2 and 3. 



Table 1. Randomized trails with G-CSF in elderly patients 

Median age 
N 
Randomization 

Neutropenia 
Survival 

CRrate 

G-CSF 
after the 1 st course 

EACSG 
(Dombret 1995) 

Lenograstim 

71 (> 65) 
173 

all patients 

Reduced 
Similar 

Increased 
70vs.47% 

G-CSF 
after courses 1 and 2 

SWOG 
(Godwin 1995) 

Filgrastim 

66 (> 55) 
193 

aplastic patients 

Reduced 
Similar 

Similar 
42 vs.49% 

Table 2. Randomized trials with GM-CSF in elderly AML patients given after induction chemotherapy 

GM-CSF GM-CSF 
after the 1st course after courses 1 and 2 

CALGB ECOG 
(Stone 1995) (Rowe 1995) 

Molgramostim Sargramostim 

Median age 69 (> 60) 64 (55 -70) 
N 388 117 
Randomization All patients Aplastic patients 

Neutropenia Reduced Reduced 
decreased incidence of infections 

Survival Similar Longer median 
(overall survival) 

CRrate Similar Similar 
51 vs. 54% 60 vs.44% 

Table 3. Randomized trials with GM-CSF in elderly AML patients given during and after induction chemo
therapy 

Median age 
N 
Randomization 

Neutropenia 
Survival 

CRrate 

GM-CSF 
during and after the 1 st course 

GOELAM 
(Witz 1995) 

Molgramostim 

67 (55-75) 
232 

All patients 

Reduced 
Increased 

(DFS in 55 - 65 y) 

Similar 
62% vs. 61 % 

GM-CSF 
during and after courses 1 and 2 

EORTC-HOVON 
(Lowenberg 1995) 

Molgramostim 

68 (> 60) 
316 

All patients 

Reduced 
Similar 

Similar 
56% vs. 55% 
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The period of neutropenia induced by the 
induction course was consistently reduced 
after the induction course, sometimes by as 
much as a week. This effect was not seen af
ter the consolidation courses. No clear re
duction in chemotherapy-related mortality 
was observed. 

Are Growth Factors Able to Increase the 
Complete Remission Rate? 

Complete remission rate were similar or 
higher in the CSF randomized groups than 
in the control group in all studies. Two stud
ies found a higher CR rate in the CSF group 
(only one reached a statistical significance). 
A highly significant increase in the CR rate 
was observed by Dombret et al. [23] using 
glycosylated G-CSF. This increase did not re
sult from a reduction in treatment related 
mortality from infection but rather from a 
lower incidence of resistant patients. Fur
thermore, the benefit of G-CSF administra
tion was mainly observed in AML patients 
with poor prognostic characteristics, such 
as unfavorable cytogenetics or marrow 
blasts persisting after the completion of in
duction chemotherapy (Table 4). 

A second trial [26] using GM-CSF after 
courses 1 and 2 showed an increase (but non 
significant) of the CR rate (60 vs.44%). 

Analysing the results of the 6 random
ized trials, one can conclude that the CR 
rate is increased if the CSF are given not 
during the intensive chemotherapy but af
ter the induction treatment, and if the treat
ment is strong enough to give a CR rate over 
60% in patients. The effect seems to be re-

stricted to the population with poor prog
nosis factors. 

This observation of an increase of CR rate 
suggests that G-CSF may contribute to the 
antileukemic effect of chemotherapy. The 
possible mechanisms remain unclear but in
clude a growth advantage for the normal he
matopoietic cells, a differentiation effect, 
and an induction of residual leukemia cell 
apoptosis, or a cytokine-mediated effect. 

Are Growth Factors Able to I ncrease the 
Median Survival? 

Two trials described an increase in DFS [28] 
or median overall survival [26]. Both of 
them used GM-CSF. The growth factor was 
administered either during and after the in
duction treatment or only after the induc
tion treatment. Two characteristics have to 
be pointed out: (1) both trials treated pa
tients from 55 years old, and for one trial 
[28] the increased DFS was only seen in the 
cohort 55-65 years; (2) both trials have a 
high complete remission rate (over 60%) re
flecting the intensity of the induction treat
ment. 

Conclusion 

The two principal positive results obtained 
through the use of granulocytic growth fac
tors in the treatment of AML in the elderly 
are the safety of their use with respect to the 
risk of malignant clone stimulation and the 
reduction in the duration of neutropenia in
duced by the cytotoxic agents employed for 

Table 4. Effect of G-CSF on the complete remission rate in patient with residual bone marrow blast infiltration 
after chemotherapy. Results of a randomized trial in elderly AML patients [23] 

Residual bone marrow 
Blasts at day 8 
(end of chemotherapy) 

Present 
Absent 
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Complete Remission Rate 

Lenograstim 
n=88 

67% (28/42) 
76% (34 /45) 

Placebo 
n=85 

35% (16 /46) P < 0.005 
63% (24/38) 



treatment. It seems that CSFs increase the 
complete remission rate after intensive in
duction treatment in patients with poor 
prognosis factors mainly patients with per
sistant blast infiltration in bone marrow af
ter induction treatment. CSFs could also im
prove the survival time in some cases, main
ly in the younger population of elderly per
sons. 

One research option could be to define 
patient subgroups most likely to benefit 
from the administration of CSFs. In fact, it is 
possible that the discordant results obtained 
in published randomized trials are due to 
differences in the profile of patients treated, 
and of the type of chemotherapy used for in
duction treatment. 

A second research option could be to test 
either the combined use of several growth 
factors or the sequential use of "protecting" 
factors and CSFs. Such combinations might 
achieve higher reductions in the duration of 
chemotherapy-induced neutropenias and 
consequently an improvement in rates of 
mortality from infections. 
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Introduction 

The myelodysplastic syndromes (MDS) 
comprise a heterogeneous group of bone 
marrow disorders characterized by ineffec
tive and dysplastic hematopoiesis in one or 
more cell lines. Prognosis in MDS is extre
mely variable. Evolution to acute nonlym
phocytic leukemia (ANLL) occurs in 
20-75% of the cases. There is also a high ex
cess mortality rate in these patients compa
red with that of the general population, es
pecially from infection and/or bleeding, due 
to cytopenia and defective function of neu
trophils. 

Treatment 

A variety of treatment approaches have been 
use in MDS. Supportive therapy with anti
biotics and/or transfusions of blood cell 
products has remained the main therapeutic 
option, due to the advanced age of these pa
tients and their relatively poor responses to 
chemotherapy. Transfusions are associated 
not only with increasing inconvenience to 
the patient, but also with the risk of transfu
sion reactions, iron overload, and transmis
sion of viral or other infectious agents. 

Hormonal Therapy and Differentiation
Inducing Agents 

In selected patients corticosteroids, anabolic 
steroids and differentiation-inducing agents 
such as cis-retinoid acid, vitamin D analogs, 

and interferon ex or 'Y have been claimed to 
be active [1]. 
Although all-trans-retinoid acid (ATRA) 
works remarkably as a differentiation thera
py in acute promyelocytic leukaemia, its ef
fect in MDS was modest with respect to neu
trophils, hemoglobin and platelets [2]. Pre
vious attempts at treating patients with low 
dose chemotherapy, such as cytosine arabi
noside (Ara-C) as a differentiating and/or 
cytostatic agent, or 5-azacytidine have resul
ted almost uniformily in failure to improve 
long-term survival [3]. 

Haematopoietic Growth Factors 

In theory, the haematopoietic growth factors 
could exert their action in various ways: 
decreasing the morbidity and mortality as
sociated with prolonged anaemia, neutrope
nia and/or thrombocytopenia by stimula
tion of the proliferation and maturation of 
residual normal or leukaemic haematopoie
tic cells into red cells, granulocytes and/or 
thrombocytes, respectively; they could en
hance the impaired functional capacities of 
granulocytes [4] and may synchronize the 
leukaemic cells, therapy increasing the ef
fectivity of S-phase-specific agents; they 
may shorten the aplastic phase after inten
sive chemotherapy. 

Erythropoietin in MDS 

Thirty one separate trials, involving 520 
MDS patients, have been reported (Table 1) 
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Table 1. Response rates to colony-stimulating factors in patient with myelodysplastic syndromes' 

No. of Increase in Increase in Increase in Increase in 
patients neutrophils (%)b hemoglobin (%)b platelets (%)b blasts (%) 

G-CSF 73 66 (90) 6 (8) 4 (5) 3 (4) 
GM-CSF 263 199 (76) 4 (2) 14 (5) 32 (12) 
IL-3 135 49 (36) 6 (4) 29 (21) 11 (8) 
IL-6 22 0(0) 0(0) 8 (36) 2 (9) 
Epo 520 0(0) l33 (25) 8 (1) 4 (0.7) 
IL-3 + GM-CSF 9 7 (77) 0(0) 3 (33) 1(11) 
Epo +G-CSF 71 62 (87) 18 (25) 1 (1) 6 (8) 
Epo+CM-CSF 24 19 (79) 8 (33) 3 (12) 2 (8) 
Epo + IL-3 23 16 (70) 4 (17) 5 (21) 0(0) 
Epo + G-CSF + ATRA 10 9 (90) 4(40) 2 (20) NS 
+ a tocopherol 

• Data based on references quoted in the text 
b Response criteria included an increase in neutrophils (doubling with a minimum of 0.5 X 109/1), or platelets 

(doubling with a minimum of 50 X 109/1), a rise in hemoglobin by 2 gldl, or reduction in transfusion requi
rements by 50%; NS, not stated. 

[5]. An increase in hemoglobin level was 
noticed in 20%, and a reduction of RBC 
transfusion requirements in 24% of pati
ents. There was considerable variation in 
rHuEPO dosing, ranging from as low as 30 
U Ikg three times weekly, up to 100 000 U 
two times weekly. Erythroid response, if 
seen, will usually occur within the first 8 
weeks of rHuEPO treatment. The current 
practice of rHuEPO administration is three 
times per week, subcutaneously, with a 
starting dose of 150 U/kg, with escalation 
up to 300 U/kg in patients not initially res
ponding after 4 to 8 weeks of rHuEPO treat
ment. As expected from the known in vitro 
actions of erythropoietin, there was vir
tually no effects on neutrophils and only 
occasional improvements in platelet 
counts. 

A recently published meta-analysis of 205 
patients from 17 studies identified factors 
associated with response to erythropoietin 
therapy [6]. These factors included no trans
fusion need (44% versus 10%), endogenous 
serum erythropoietin level below 200 U/I, 
and absence of ringed sideroblasts (21 ver
sus 7.5%). This meta-analysis could identify 
a group of patients (i.e., patients without 
transfusion need and MDS other than 
RARS) with a response rate of 2: 50%, irre
spective of their serum level of erythropoie
tin. At the other extreme, no response was 
seen in patients with RARS and serum 
erythropoietin levels 2: 200 U/I. 
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Granulocyte (G-CSF) and Granulocyte
Macrophage Colony-Stimulating Factor 
(GM-CSF) in MDS 

G-CSF has been administered by both in
travenous infusion and subcutaneous in
jection. Pooled data from five trials of G
CSF that have previously been summarized 
[7] have shown increased neutrophils in 
90% of MDS patients and minimal effect on 
anaemia and thrombocytopaenia (Table 1), 
although there have been rare reports of 
MDS patients who showed trilineage hae
matologic responses to G-CSF. There was 
no correlation between the subtype of MDS 
and response rate. Toxicity during G-CSF 
therapy was minimal, although sharp decli
ne in platelet counts after starting G-CSF 
therapy can create serious bleeding pro
blems in the first weeks of therapy. The best 
dose of G-CSF to be used in MDS is still a 
matter of debate. A practical approach 
would be to start with 1 j.1g/kg day and to 
adjust the G-CSF dose to obtain neutrophils 
around 2 5001 j.1I. 
Several investigators have reported the re
sults of phase IIII therapeutic trials with 
GM-CSF [7-9]. These trials have utilized 
different drug preparations, dosages and 
schedules of administration of GM-CSF for 
varied intervals. The combined data from 
these studies, including 263 MDS patients, 
showed that GM-CSF was effective in in
creasing neutrophil counts in 76% of the 



patients (Table 1). In addition to the in
crease of neutrophils, further cell lineages 
were stimulated, including eosinophils, 
monocytes, and lymphocytes. The counts 
generally returned to baseline levels upon 
discontinuation of the cytokine. The res
ponses in other cell lineages such as plate
lets and hemoglobin were limited to only a 
fraction of the patients (2-5%). Adverse ef
fects of GM-CSF which occur in 25% of pa
tients at "conventional dose" (60-250 
fLg/m2), include fever, bone pain, local 
erythema, phlebitis, decrease in platelet 
counts, fluid overload, and, rarely an adult 
respiratory distress syndrome. An inte
resting approach for long-term GM-CSF 
therapy seems the administration of "very 
low dose" of GM-CSF (0.25-0.5 fLg/kg), sin
ce recent studies suggest that it might be 
possible to divorce the toxic effects of GM
CSF from the therapeutic benefits [9]. 

Two central questions in the use of G
CSF and GM-CSF is whether they produce 
survival benefit or significant decrease in 
morbidity from infection, and whether the 
use of these growth factors causes in
creased rate of progression to leukaemia. A 
significant proportion of patients with 
RAEB and RAEBt receiving GM-CSF (and 
to a lesser extent G-CSF) do develop tran
sient increases in blast cell counts while 
undergoing therapy that revert to pretreat
ment levels when therapy is withdrawn. In 
contrast, several reports have documented 
the induction of leukaemic transformation 
by GM-CSF in CMML [10, 11]. Preliminary 
results of a randomized, controlled clinical 
trial comparing GM-CSF for 90 days versus 
observation, did not show differences in 
transformation to RAEBtl ANLL in the dif
ferent treatment arms [12]. As expected, 
there was a significant increase in WBC in 
the treatment arm which was associated 
with fewer major infections during the 90-
day treatment period. A multicenter study 
comparing G-CSF and observation did not 
show significant differences in the rate of 
progression to ANLL between treated and 
untreated patients [13]. However, there was 
a shorter median survival in the G-CSF 
treated group of patients with RAEB. Death 
was due to nonleukaemic, disease-related 
causes. Decreased survival in treated RAEB 

patients was probably due to the increased 
number of high-risk patients included in 
the G-CSF treated arm and the unusually 
long survival of RAEB patients in the con
trol arm. Infection rates in the two groups 
have not yet been reported. No survival 
benefit has yet been demonstrated for 
growth factor therapy in MDS. Combined 
therapy with low-dose Ara-C and GM-CSF 
or G-CSF, respectively, has not proven to be 
superior to therapy with low-dose Ara-C 
alone, with regard to survival, or toxicity, 
and resulted in CR rate of 15 to 20% and a 
PR rate of20% [14,15]. 

Interleukin-3 (lL-3) in MDS 

One long-term and seven short-term studies 
have reported the effects of IL-3 therapy in 
135 MDS patients (Table 1) [16-19]. There is 
an overall response rate for neutrophils of 
approximately 36%, increase in hemoglobin 
level of 4%, platelets 21 %, and a 8% increase 
in bone marrow blasts. Trilineage response 
was only seldom seen. These data indicate 
that IL-3 must be combined with other hae
matopoietic growth factors to achieve sub
stantial improvement in MDS cytopenias. 
Adverse effects of IL-3 were significant, es
peciallyat higher doses, and consisted of eo
sinophilia, fever, bone pain, myalgias and 
headache, necessitating discontinuation of 
IL-3 in several patients. 

Interleukin-6 (lL-6) in MDS 

IL-6 has apparent effect on megakaryopoie
sis. One short-term study has reported 
the effects of IL-6 in 22 low-risk MDS pa
tients with < 5% bone marrow blasts and 
< 100 0001 fLl platelets [20]. Eight patients ex
perienced at least a transient improvement 
in platelet counts. Two of the three patients 
who received maintenance IL-6 therapy had 
a persistent increase in platelet counts, dur
ing 3 and 12 months of IL-6 therapy, respec
tively. Moderate to severe toxicity with con
stitutional symptoms occurred without leu
kocyte improvement, and worsening anemia 
developed, but without a significant effect on 
transfusion requirements. 
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Combination ofCytokines in MDS 

The infrequent multiline age responses with 
recombinant human growth factors have 
led to studies involving combinations of 
growth factors, either simultaneously or se
quentially; in order to target proliferation 
and differentiation of both early and late 
stages of haematopoietic progenitor cells. 
However, combination of growth factors, 
especially that act early in haematopoiesis, 
must be balanced against potential risk of 
increased rate of progression to acute leu
kaemia, and side effects of combinations of 
growth factors may be additive. 

Preliminary trials with the combination 
of erythropoietin and G-CSF or GM -CSF, re
spectively, have yield impressive results 
with erythroid responses of 42% compared 
to 20-25% with erythropoietin alone (Table 
1) [21-23]. Additional studies, however, 
could not support these synergistic effects 
of combination therapy, and resulted in 
erythroid responses comparable to ery
thropoietin alone [24-26]. Dose schedule, 
timing and duration of the growth factors 
may and difference in the study population, 
at least partly, explain these conflicting re
sults. 

Treatment with IL-3 and erythropoietin 
has so far been dissapointing [27-28]. A 
worrisome finding was the development of 
thrombocytopenia in 50% of the patients, 
probably related to the induction of tumor 
necrosis factor a (TNFa), a rather potent in
hibitor of megakaryopoiesis. 

The combination of ATRA with G-CSF, 
erythropoietin and tocopherol resulted in 
increased neutrophils in 90%, an erythroid 
response in 40%, and increased throm
bocytes in 30% of the patients, respectively 
[29]. The induction of TNFa might be res
ponsible for treatment failure. 

Sequential therapy with interleukin-3 
followed by GM-CSF gave improved absolu
te neutrophil count in 77% and improved 
platelets in 33% [30]. However, toxicity was 
unacceptable. 

Administration of growth factors in MDS 
rarely induces polyclonal haematopoiesis as 
evaluated by repeated cytogenetic investi
gations and analysis of restriction fragment 
length polymorphisms [7,31]. 
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Intensive Chemotherapy 

Therapeutic strategies in MDS have histori
cally been inspired by either "missionary" 
approaches, i.e., converting malignant cells 
into normal behaviour, or by "crusader" tac
tics, i.e., destroying non-compliant elements 
at the expense of innocent bystanders. At 
present, long-term benefit, however, can be 
achieved only by eradication of the abnor
mal clone and restoration of normal hema
topoiesis ("crusader" tactics). This can pos
sibly be accomplished by high-dose chemo
therapeutic regimens designed for treat
ment of ANLL and more durable by allo
geneic bone marrow transplantation. 

Selection of patients for whom intensive 
chemotherapy is appropriate is difficult. Pa
tients belonging to the poor-risk MDS cate
gory, where the general medical condition 
allows it, should be considered for ANLL
type chemotherapy in the setting of multi
centre, controlled trials. In several clinical 
trials investigating standard ANLL induc
tion therapy for advanced MDS, complete 
remission rates have ranged from 13 to 51 % 
[32,33]. However, a high proportion of indi
viduals showed significant morbidity or suf
fered a toxic death due to therapy. The dura
tion of response is generally short (3-11 
months). 

Allogeneic Bone Marrow Transplantation 

The use of allogeneic bone marrow trans
plantation currently offers the only potenti
ally curative treatment. A recent retrospec
tive update by the EBMT demonstrated a di
sease-free survival for MDS patients without 
excess of blasts (RA and RARS), with refrac
tory anemia with excess of blasts (RAEB) 
and with excess of blasts in transformation 
(RAEBt) and secondary ANLL of respective
ly 46, 35, 27 and 0% 5 years after the trans
plantation [34]. 

However, the use of allogeneic BMT for 
MDS patients is available only for a minor 
proportion of patients because of lack of 
HLA-identical donors and/or because of the 
high median age of patients with MDS. 
Transplant-related mortality increase with 
age, because of a decreased ability to tolerate 



the toxicity of the therapy and an increased 
incidence and severity of both acute and 
chronic graft-versus-host disease [35]. 

Alternative Sources of Hemopoietic 
Stem Cells 

Transplants from Unrelated Marrow Donors 

The outcome of MDS patients grafted from 
unrelated marrow donors presently is unsa
tisfactory with a disease-free survival of 
18% at 2 years [36]. However, recent data on 
unrelated bone marrow transplantations in 
children are more encouraging. Casper et al. 
reported that five of nine patients survived 
27 to 80 months posttransplant with four of 
them staying in remission [37]. 

Autologous BMT 

In poor-risk patients not eligible for alloge
neic transplantation, the prognosis remains 
poor. Encouraged by data obtained in ANLL, 
recent attention has focused on autologous 
transplantation as a possible alternative. The 
experience with ABMT in MDS is limited and 
the literature describes only case-reports 
[38]. From a large series of 82 adults patients 
with ANLL 6, patients with a known prece
ding myelodysplastic state received ABMT in 
first remission. Three patients relapsed after 
ABMT, and overall leukemia free survival 
was worse compared to the group without 
antecedent hematologic disorder, but two 
patients were still alive and disease-free after 
more than 1 year of BMT [39]. One hundred 
and fourteen recipients of autologous mar
row grafts who suffered from MDS or ANLL 
secondary to MDS have been reported to the 
EBMT [40]. The overall survival at 2 years of 
the 79 patients transplanted in first CR was 
39%, disease-free survival was 34%, the ac
tuarial relapse rate was 64%. Nineteen pati
ents were transplanted for MDS which had 
not progressed to ANLL before ABMT. The 
actuarial disease-free survival at 2 years in 
these patients was 40% and the relapse rate 
58%. Thirty-nine MDS patients had progres
sed to ANLL before chemotherapy and 
AMBT. Disease-free survival was 30% and 

the relapse rate 68%. Twenty-one patients 
were transplanted for MDS or ANLL which 
had developed after treatment with chemo
therapy for other malignancies. Actuarial di
sease-free survival of these patients was 36% 
and the relapse rate 60%. Patients younger 
than 40 years had a significantly better dis
ease-free survival as compared with patients 
older than 40 years. The disease-free survival 
for the transplant-related mortality and 
death due to failure to engraft did not appear 
to occur more often than after ABMT for de 
novo ANLL. However, a substantial propor
tion of patients are not eligible for ABMT be
cause of delayed hemopoietic recovery after 
intensive antileukemic chemotherapy and 
poor marrow harvest. 

Autologous Peripheral Blood Progenitor Cell 
Harvest and Transplantation in MDS: liThe Leuven 
Experience" 

Recent studies demonstrate the feasibility of 
peripheral blood progenitor cell collection 
(PBPC) and transplantation in a growing 
number of patients with poor-risk malig
nant disorders [41,42]. Some authors repor
ted also a significantly accelerated hemo
poietic engraftment and reduced transfu
sion requirements in a series of peripheral 
blood progenitor cell transplantations for 
ANLL as compared to standard autologous 
bone marrow transplantation [43-45]. We 
were very interested in the feasibility of 
PBPC and transplantation in patients with 
high-risk myelodysplasia who were not eli
gible for allogeneic bone marrow transplan
tation because of advanced age or lack of a 
suitable donor. Our results are summarized 
in Tables 2 and 3 [46]. All patients received 
remission-induction chemotherapy contai
ning idarubicine (10 mg/m2, days 1,3 and 5, 
etoposide (100 mg/m2, days 1-5) and cytosi
ne-arabinoside (100 mg/m2, days 1-10), and 
all patients were consolidated with interme
diate dose of Ara-C (2 X 500 mg/m2, days 
1-5) and mitoxantrone (8 mg/m2, days 4-6) 
(NOVIA). One patient refractory to the in
duction therapy received high dose of Ara-C 
(2 X 3 g/m2, days 1-6), and was subsequently 
consolidated with high dose Ara-C for 4 
days. 
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Table 2. Patients characteristics and PBPC collection data 

Patient Sex/age Diagnosis Interval Mobilizing agentb No. of CD34+ CFU-GM 
diagnosis PBPC cells 
toPBPC collec- X 106/kg X 106/kg 

(yrs) harvest tions 
(days) 

1a M/48 RAEBt 307 Lenograstim 10 mg/kg/d, days 1-7 4 2.03 46.34 
2a F/34 RAEBt 231 Lenograstim 10 mg/kg/d, days 1-6 3 1.02 23.46 
3a M/58 RAEBt 344 Lenograstim 10 mg/kg/d,d1as 1-7 4 1.09 7.23 
4 F/53 RAEBt 237 Lenograstim 150 mg/m2/d, ays 1-7 4 0.61 4.34 
5 F/30 RAEBt 115 Filgrastim 5 mg/kg/d, days 1-6 2 3.43 65.7 
6a F/47 RAEBt 114 Filgrastim 5 mg/kg/d, days 1-6 3 7.16 92.l3 
7 M/44 sAML 99 NOVIA +Filgastrim, days 20-27 3 0.22 2.23 
8 F/33 RAEBt 87 NOVIA + Filgastrim, days 20-27 1 0.05 0.39 
9a F/47 RAEBt 63 NOVIA + Filgastrim, days 20-24 2 54.99 461.7 

10 M/48 RAEB 104 NOVIA + Filgastrim, days 20-33 5 2.35 19.81 
II F/49 RAEBt 146 Ara-C+ Filgastrim, days 20-44 5 0.91 4.18 
Median 1.09 19.65 
Mean 6.95 66.l3 

a Subsequent autologous PBPC transplantation following BuCy4. 
b All growth factors were administered subcutaneously. 

Table 3. Transplant characteristics of five MDS patients 

Patient 1 Patient 2 Patient 3 Patient 6 Patient 9 

Transplant cell dose 
No.CD34+ (X 10911) 1.64 1.02 1.09 4.78 20.35 
No.CFU-GM (X 10411) 38.76 23.46 7.23 72.23 164.12 

Hemopoietic recovery 
ANC > 0.5 X 109/1 II 15 18 14 10 
ANC> 1.0 X 109/1 12 20 25 16 11 
Platelets> 20 X 109/1 144 20 NR 47 8 
Platelets> 50 X 109/1 317 144 NR 89 8 

Supportive care 
No. PC transfused 19 2 115 9 2 
No. platelets transfused 28 7 104 8 2 
Days hospitalization 26 24 35 27 27 
Days fever 2:: 38.5 °c 7 0 4 3 5 
Days i.v. antibiotics 10 0 14 6 9 

Present disease status CCR CCR Deatha Deathb CCR 

Followup postinfusion 832 days 825 days Died 126 days Died 242 days 574 days 

ANC, absolute neutrophil count; NR, not reached; CCR, continued complete remission; 
a Untractable hemorrhagic cystitis. 
b Died, relapse MDS. 

PBPC collection was undertaken only in pa
tients in durable complete remission. The 
first patients (nos. 1-6) were collected in 
steady state after mobilization with G-CSF. 
In an effort to optimize the collections, har
vest in subsequent patients was attempted at 
the time of rapid hematological recovery 
after chemotherapy (NOVIA or high-dose 
Ara-C).In 7/11 patients (63%) sufficient cell 
numbers were harvested resulting in a CD34 
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progenitor cell yield> 1 X 106/kg (5 patients 
after G-CSF mobilization alone and 2 pati
ents after G-CSF + NOVIA). The majority of 
progenitors harvested were committed pro
genitors. However, a substantial number of 
more immature precursors, assumed to be 
responsible for the long-term sustained en
graftment, were also present (data not 
shown) [46]. Because of our policy at that 
time, several of these patients underwent 



bone marrow harvest before PBPC with in
adequate collections in most of them. 

Five patients were subsequently trans
planted with peripheral blood progenitor 
cells only and without growth factor support 
(Table 3). The median time to ANC > 0.5 and 
1.0 x 109/1 was respectively 14 days (range 
1O-18) and 16 days (range 11-25). Platelets 
were self-supporting at a level of 2: 20 x 
10911 after a median of 41 days (range 8-144). 
Consistent with the rapid recovery, days of 
fever, need for parenteral antibiotics, trans
fusions of red cells and platelets, and total 
hospitalization duration were restricted. 

One patient had a persistent lack of plate
let engraftment, and died eventually because 
of a severe untractable hemorrhagic cystitis. 
Another patient (patient 6) had a relapse of 
MDS and died because of bleeding and in
fection. At present, the other patients are 
alive and well and in CR, with a median fol
low-up of 744 days. 

The most recent analysis of the ungoing 
EORTC/EBMT pilot study (protocol no. 
06921) compared repopulation data after at 
least 100 days follow-up for 13 patients re
ceiving ABMT versus 8 patients receiving 
PBPCT after identical induction therapy 
(Table 4) [47]. The mean number of CFU
GM reinfused in the ABMT group was 5.0 x 
104/kg (range 2.3-11.1) versus 51 X 104/kg 
range 7.2-462} in the PBPC group. After BM 
reinfusion, leukocytes 2: 0.5 and 1.0 X 109!l 
were reached after a median of respectively 
35 and 39 days, versus 11 and 13 days in the 
PBPCT group. The median duration to reach 
a platelet count of 2: 20 X 10911 was > 134 
days and 5/13 ABMT patients were still pla-

Table 4. Repopulation data after autologous bone 
marrow transplantation and PBPC transplantation 
in high-risk MDS patients after identical induction 
therapy" 

Number of Patients 
CFU-GM{x 104/kg) 
(range) 
ANC > 0.5 X 109/1 
(days, range) 
Platelets> 20 X 109/1 
(days, range) 

ABMT PBPCT 

13 8 

5 (2.3-11.1) 51 (7.2-462) 

35 (11-90) 11 (9-14) 

> 134 23 (8-216) 

a De Witte et al. Blood 1995; 86 {supp1.1):618a. 

telet transfusion dependant more than 135 
days after ABMT. In contrast, the median 
time to recovery of a platelet count> 20 X 
109/1 was 23 days (range 8-216) in patients 
receiving PBPC transplantation. 

Feasibility of Harvesting Non-Clonal Benign 
Hemopoietic Progenitors in MDS 

A major concern remains the possible con
tamination of the peripheral blood progeni
tor cells by clonal malignant cells. In our pa
tients with chromosomal abnormalities at 
diagnosis, a normal karyotype and CR state 
were required at the time of the harvest. In 
addition, we performed additional clonality 
studies on the harvest of female patients by 
using X-chromosome inactivation patterns 
[48]. We choose to analyse MDS progenitor 
clonality more directly on cell populations 
reflecting different stages of hemopoietic 
development. Highly purified hemopoietic 
progenitors were obtained from mobilized 
peripheral blood by CD34 enrichment with 
immunomagnetic beads followed by FAC
Sorting. Although cells expressing the CD34 
glycoprotein at their surface are enriched for 
hemopoietic progenitors, they still form a 
heterogeneuous population. For this reason, 
we sorted different stem cell subfractions, 
including CD34+ cells with low CD38 coex
pression (CD34+381ow), being stronglyenri
ched for the most immature and uncommit
ted progenitors, and CD34+ cells with hi~h 
levels of CD38 expression (CD34+CD38hig ), 

particularly consisting of multiline age com
mitted stem cells. We used polymorphisms 
in the recently described X-linked HUMA
RA locus for detection of these X -chromoso
me inactivation patterns [49]. In four of the 
patients studied, this assay has shown an un
equivocal polyclonal pattern in the mature 
granulocytic and T-lymphoid cell fractions 
at the time of PBPC harvesting. This clearly 
implies the feasibility of restoring polyclo
nal myeloid hematopoiesis after high-dose 
chemotherapy. The same polyclonal nature 
was also found at the level of both immature 
(CD34+381ow, CD34+331ow) and more com
mitted (CD34+38high, CD34+33high) stem 
cells. In one patient (in morphological com
plete remission after high-dose therapy), al-
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lelic ratios of mature and progenitor frac
tions remained skewed, thus suggesting per
sistent clonal malignant hemopoiesis. This 
patient had polyclonal nature of buccal scra
pes and T lymphocytes, which makes it very 
unlikely that skewed patterns could be due 
to unbalanced lyonization. 

Conclusion 

Our findings and those of others clearly de
monstrate that even though MDS is a clonal 
disorder of the hemopoietic stem cell, it is 
possible to harvest non-clonal, putative be
nign, CD34+ progenitors. In addition, these 
data indicate that PBPC transplantation is 
feasible in selected MDS patients and leads 
to more rapid and complete repopulation 
when compared to ABMT. This opens new 
perspectives to deliver high-dose chemo
therapy as an alternative treatment option 
for patients who are to old for or lack an allo
geneic marrow donor. However, the benefit 
of PBPC transplantation compared with 
high dose consolidation performed after a 
common induction chemotherapy has to be 
assessed. 

A new EORT/EBMT/GIMEMA/HO-
VON/SAKK study entitled Autologous peri
pheral blood stem cell transplantation ver
sus a second intensive consolidation course 
after a common induction and consolida
tion course in patients with bad prognosis 
myelodysplastic syndrome (MDS) and acute 
myelogenous leukemia secondary to MDS of 
more than 6 months duration (EORTC no. 
06961) will soon be started to further eluci
date the role of PBPC transplantation in 
MDS. 
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Clinical Trials of Pegylated Recombinant Human Megakaryocyte Growth 
and Development Factor (PEG-rHuMGDF) 

E. ARCHIMBAUD 

Abstract. Megakaryocyte Growth and Devel
opment Factor, a truncated c-mpl ligand, 
represents the main cytokine involved in 
thrombopoiesis. It is involved in all stages of 
megakaryocyte development from the stem 
cell. Only 3 years after its discovery, several 
phase I and phase II clinical trials have been 
performed in solid tumors and leukemia. In 
these studies, PEG-rHuMGDF was found to 
be well tolerated and to have biological effi
cacy specific for the megakaryocytic line
age. Further studies will be necessary to de
fine its clinical utility for reduction of the 
duration of thrombocytopenia and platelet 
transfusion requirements following chemo
therapy. 

Introduction 

Thrombocytopenia is a major dose-limiting 
side effect of chemotherapy in solid tumors 
as well as in acute leukemia. Thrombopoie
tin for a long time hypothesized has been 
identified as the c-mplligand in 1994 [1-3) 
and has been isolated and cloned [4-5]. It ap
pears to be the main cytokine regulating 
platelet production, supporting all stages of 
megakaryocytes development in vitro [2]. 
Megakaryocyte growth and development 
factor (MGDF) is a truncated mplligand in
cluding the 163 N-terminal amino acid do
main of thrombopoietin responsible for re
ceptor binding and biological activity [5]. It 
is known to exert all biological effects of the 
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full molecule, favouring all steps of mega
karyocyte development from the immature 
stem cells [6,7]. N-terminal conjugation of 
polyethylene glycol leads to increased stabil
ity and in vivo half-life of the molecule, with 
a 10 times increase in biologic activity [8]. 
Polyethylene glycol-conjugated recombi
nant human MGDF (PEG-rHuMGDF) in
duces thrombocytosis when administered 
alone [8,9] and diminishes thrombocytope
nia induced by chemotherapy and radio
therapy [9-13] in murine species and non 
human primates, with few known side ef
fects. Results of recently completed phase I 
and Phase II clinical studies are summarized 
here. 

Results of Clinical Studies 

Phase I Studies in Solid Tumors 

Two phase I studies in patients with solid tu
mors have been recently completed in Aus
tralia [14, 15) and the United States [16). One 
of these studies included patients with vari
ous solid tumors and the other patients with 
lung cancer. In both studies, patients were 
randomized to receive escalating doses of 
placebo or PEG-rHuMGDF (0.03 to 5.0 
jlg/kg/day) for up to 10 days in the absence of 
any chemotherapy [14, 16] and up to 16 days 
after chemotherapy with carboplatin and 
paclitaxel [15,16] or until platelet count in
creased to at least 600 X 10911. In these two 
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studies, a total of 7 patients received placebo 
and 16 received PEG-rHuMGDF in the ab
sence of any chemotherapy, and 22 received 
placebo and 69 PEG-rHuMGDF following 
chemotherapy. In the absence of chemother
apy preceding administration of PEG
rHuMGDF, increases in platelet counts above 
600 X 10911 were observed in patients treated 
with dosages of PEG-rHuMGDF as low as 
0.03 and O.lllg/l.After chemotherapy, the na
dir of the platelet count in the patients given 
PEG-rHuMGDF was higher than in the pa
tients given placebo at all doses of PEG
rHuMGDF tested [16]. In addition, the nadir 
and return to baseline platelet count oc
curred significantly earlier in patients re
ceiving PEG-rHuMGDF than in patients re
ceiving placebo [15,16]. Intensity of chemo
therapy was not sufficient to evaluate poten
tial effect ofPEG-rHuMGDF to avoid platelet 
transfusion since only one patient in the pla
cebo group received platelet transfusion. In 
both studies, platelet count of patients treat
ed with PEG-rHuMGDF rose progressively 
over the 20 days of observation, exceeding 
600 X 10911 in more than 50% of the patients 
on day 20 and more than 1000 X 10911 in ap
proximately one third of patients receiving at 
least 1 Ilg/kg/day of PEG-rHuMGDF. No sig
nificant effect of PEG-rHuMGDF was ob
served of neutrophil recovery and hematoc
rit. Among all enrolled patients, the adverse 
event observed were consistent with the ef
fects of the underlying malignancy or the 
chemotherapy. At total of 5 patients receiving 
PEG-rHuMGDF in the two studies developed 
venous thrombosis, while no patient receiv
ing placebo did. Thrombotic events included 
two episodes of deep venous thrombosis, one 
of which was complicated by pulmonary em
bolism, one asymptomatic and apparently 
isolated pulmonary embolism in a patient 
with lung cancer, and two episodes of super
ficial vein thrombosis. However, these epi
sodes did not appear to be related to the 
platelet count since no patient with> 1000 X 
109 platelets 11 underwent thrombosis. Nor
mal platelet aggregation and ATP release was 
observed in all patients studied [15, 17]. It 
could not be determined whether the ob
served thrombotic events were related to 
PEG-rHuMGDF therapy or the predisposing 
underlying malignancy [15, 16]. 
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Phase II Sstudy in Acute Myelogenous leukemia 

A randomized, placebo controlled study of 
PEG-rHuMGDF as an adjunct to chemother
apy in adult patients with newly diagnosed 
AML, excluding M3 (promyelocytic) and M7 
(megakaryoblastic) FAB subtypes was re
cently completed in 10 European centers 
[18]. Seventy-three patients receiving con
ventional induction chemotherapy with 
daunorubicin,45 mg/m2/day for 3 days, cy
tarabine,200 mg/m2/dayfor 7 days and etop
oside, 100 mg/m2/day for 5 days were ran
domized to receive PEG-rHuMGDF, 2.5 or 5 
Ilg/kg/day or placebo from the day after 
chemotherapy until recovery of platelet 
count( 50 X 10911) for a maximum of21 dos
es. Seventy of these patients went on to re
ceive at least one dose of blinded study drug, 
including 24 patients receiving each of the 
PEG-rHuMGDF daily doses and 22 patients 
receiving placebo. Median recovery time to 
an unsupported platelet count of 20 X 109/1 
was 21 days for all groups and the reduction 
of platelet transfusions in patients receiving 
PEG-rHuMGDF was not significant. Overall, 
a prolonged elevation of platelet count was 
seen after discontinuing the drug in both 
groups of patients receIvmg PEG
rHuMGDF, with 52% of patients reaching 
platelet counts> 1000 X 109/1 versus only 9% 
of patients receiving placebo. The effect of 
PEG-rHuMGDF appeared to be specific for 
platelet lineage as no difference in neutroph
il count or red blood cell transfusion re
quirement was observed between the PEG
rHuMGDF and placebo groups. Adverse 
event profile was similar in the 3 groups of 
patients. One patient in the placebo group 
underwent cerebral artery thrombosis when 
his platelet count was 8 X 109/1 while no 
thrombotic event was observed during in
duction in the two PEG-rHuMGDF groups. 
Complete remission rate was 76% in pa
tients who received PEG-rHuMGDF and 
86% in patients who received placebo. 

Conclusion 

In the three clinical studies whose results are 
available, PEG-rHuMGDF was found to be 
biologically active, inducing intense stimu-



lation of platelet production, without signif
icant effect on the myeloid and erythroid 
lineages, as was observed in animal studies 
[8-l3]. Furthermore, PEG-rHuMGDF was 
well tolerated and adverse events observed 
in these studies were typical of the underly
ing disease and chemotherapy. The major 
increase in platelet count seen in most pa
tients receiving the drug could be explained 
by drug accumulation, the long plasma half
life [19], the time required for platelet mega
karyocyte maturation, and normal platelet 
survival of 10 days. The absence of demon
strated increase in thrombotic event despite 
thrombocytosis confirms animal studies 
showing no in vivo activation of platelets 
and no increase of platelet adhesion to dam
aged vessels [9]. The lack of reduction of 
time to recovery of platelets to 20 X 109/1 in 
the AML study could be related to the delay 
necessary for PEG-rHuMGDF to increase 
platelet production from stem cells. Further 
studies of the activity of PEG-rHuMGDF af
ter myelosuppressive chemotherapy in a va
riety of tumor settings are ongoing to enable 
definition of its role in supporting patients 
undergoing myelosuppressive chemothera
py. 
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Increased Numbers of Progenitor Cells in the Apheresis Product of 
Patients Randomised to Receive Increasing Doses of Stem Cell Factor 
(r-metHuSCF) Administered in Combination with Chemotherapy 
and a Standard Dose of Filgrastim (r-metHuG-CSF) 

A. WEAVER!,P.J. WOLL2,M. LIND\B.JENKINS\C GILL\ T.M.DEXTER1,N.G. TESTA!, 

and D. CROWTHER 1 

Abstract. The optimal regimen for mobilisa
tion of peripheral blood progenitor cells re
mains to be defined. Many clinical studies 
have shown enhanced mobilisation when 
using a combination of a chemotherapeutic 
agent and a hematopoietic growth factor, 
most notably cyclophosphamide and G
CSF compared with the use of either agent 
alone. Stem cell factor (SCF), a glycoprotein 
hematopoietic growth factor, is the ligand 
for the tyrosine kinase receptor encoded by 
c-kit. We report here a randomized study in 
48 patients with ovarian cancer, the first 
clinical trial investigating the mobilisation 
of peripheral blood progenitor cells using 
SCF in combination with G-CSF following 
chemotherapy. All patients were treated 
with cyclophosphamide 3 g/m2 and were 
randomized to receive filgrastim 5 flg/kg 
alone or filgrastim 5 flg/kg plus SCF. The 
dose of SCF was cohort dependent (5, 10, 
15 and 20 flg/kg), with 12 patients in each 
cohort, nine of whom received SCF plus fil
grastim and the remaining three patients 
receiving filgrastim alone. On recovery 
from the white blood count nadir following 
chemotherapy 41 of the 48 patients under
went a single apheresis, and 5 of the 48 pa
tients underwent two aphereses. The 
apheresis product was divided into 4 ali
quots, with one aliquot being reinfused fol
lowing each cycle of cyclophosphamide 

(900 mg/m2) and carboplatin (AUC 7.5 
mg/ml!min). 

Stem Cell Factor in combination with fil
grastim following chemotherapy, enhanced 
the mobilisation of progenitor cells com
pared with that produced by filgrastim 
alone following chemotherapy. This en
hancement was dose dependent for CFU
GM, BFU -E, and CD34+ cells in both the pe
ripheral blood and apheresis product. In the 
apheresis product, 3- to 5-fold increases in 
median CD34+ and progenitor cell yields 
were obtained in patients treated with SCF 
20 flg/kg plus filgrastim compared with 
yields obtained in those patients treated 
with filgrastim alone following chemothera
py. Likewise, in the apheresis product there 
was a 5-fold increase in the median number 
of long term culture-initiating cells (LTC
Ie) collected in those patients treated with 
the highest dose of SCF plus filgrastim com
pared with those patients receiving filgras
tim alone. 

In addition, peripheral blood values of 
CFU-GM, BFU-E and CD34+ cells/ml re
mained above defined threshold levels for a 
greater period of time with the higher doses 
of SCF. This has an important clinical impli
cation in that the higher doses of SCF offer a 
greater 'window of opportunity' in which to 
perform the apheresis to achieve high 
yields. 

Cancer Research Campaign Departments of Medical Oncology and Experimental Haematology 
1 Christie Hospital Manchester UK 
2 Nottingham City Hospital UK 
3 Newcastle General Hospital UK and 
4Amgen,Cambridge, UK 
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Introduction 

The presence of primitive haemopoietic 
cells in adult peripheral blood has been rec
ognised for over 30 years. Initial canine and 
murine studies in the 1960s demonstrated 
blood cells capable of protecting recipients 
from lethal doses of whole body irradiation 
by restoring blood cell formation from cir
culating donor cells[l-4]. Subsequent stud
ies led to detection and quantitation of pro
genitor cells by colony assays [5-7] and the 
effects of growth factors on their numbers 
in the circulation [8, 9]. More recently, this 
was followed by investigation of the apher
esis product[ 10-14] as an alternative source 
to bone marrow cells for transplantation 
following myeloablation. As a result, not 
only has intensive investigation into pe
ripheral blood mobilisation regimens been 
conducted, but quantitative assays for cells 
capable of reconstituting and sustaining 
hematopoiesis in transplant recipients 
been performed [15-19]. LTC-IC are argu
ably the most primitive human hemato
poietic cells detectable by in-vitro func
tional assays. They are capable of generat
ing myelopoid and erythropoid progenitor 
cells (CFU-GM and BFU-E) and in murine 
transplantation protocols the assay detects 
the marrow repopulating cells 
[17,19]. 

Stem cell factor (SCF), a glycoprotein he
matopoietic growth factor, is the ligand for 
the tyrosine kinase receptor encoded by c
kit [20]. A recent study in primates [21] has 
demonstrated the ability of SCF alone to 
mobilise PBPCs. When used in combina
tion with G-CSF, low doses of SCF have 
been shown to give enhanced mobilisation 
of PBPCs compared with G-CSF alone. In 
mice [22], primates [23] and canines [24] 
the combination of optimal doses of G-CSF 
with low dose SCF (25 /lg/kg/day) resulted 
in increased numbers of circulating white 
blood cells (WBC) and both mature and 
primitive progenitor cells. Transplantation 
of irradiated mice or canines with these 
PBPCs resulted in enhanced radioprotec
tion and recovery of platelets and WBC 
post transplant[22, 24]. 

Initial clinical studies involving SCF have 
investigated mobilisation of peripheral 
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blood progenitor cells using the cytokine 
alone or in combination with G-CSF, but 
not involving chemotherapy. Early results 
from these studies have shown increasing 
mobilisation of progenitor cells (GM-CFC 
and BFU-E) and CD34+ cells with increas
ing doses of SCF in combination with fil
grastim compared with the administration 
of filgrastim alone [25]. The optimal regi
men for mobilisation of both primitive and 
more committed progenitor cells remains 
to be defined. Stem cell factor, when used in 
a clinical setting in combination with G
CSF following chemotherapy may mobilise 
more primitive cells as well as more com
mitted cells, compared with mobilisation 
following chemotherapy and G-CSF alone, 
therefore increasing the yield of primitive 
and committed blood cells in the apheresis 
product. We report here the first study in
vestigating the mobilisation of progenitor 
cells and frequency of LTC-IC collected in 
the apheresis product of patients with 
ovarian cancer who were randomised to re
ceive stem cell factor in combination with 
G-CSF following chemotherapy versus 
chemotherapy plus G-CSF alone. 

Patients, Materials and Methods 

Patients 

Previously untreated patients aged between 
16 and 65 years with histologically proven 
epithelial ovarian cancer, International Fed
eration of Gynaecology and Obstetrics 
(FIGO) stages Ic-IV were entered. All eligible 
patients were required to have a normal full 
blood count. Patients were eligible providing 
they had no history of IgE-mediated hyper
sensitivities. Three centres entered patients -
Cancer Research Campaign (CRC) Depart
ments of Medical Oncology at Christie Hos
pital, Manchester, Nottingham City Hospital 
and Newcastle General Hospital. All progen
itor cell, CD34+ and CD34+ subset assays 
were performed in the CRC Department of 
Experimental Haematology,Paterson In
stitute for Cancer Research, Christie Hospi
tal, Manchester. Forty eight patients were 
recruited between September 1994 and 
November 1995. 



Treatment 

All patients were treated with cyclophospha
mide 3 g/m2 on day 1, given as a 4-h intrave
nous infusion, together with mesna 6 g/m2 as 
a 12-h intravenous infusion. The patients 
were randomized to receive filgrastim 5 
Ilg/kg alone or filgrastim 5 Ilg/kg plus SCE 
The dose of SCF was cohort dependent, with 
twelve patients in each cohort, nine of whom 
received SCF plus filgrastim {5 Ilg/kg} and 
the remaining three patients receiving fil
grastim {5 Ilg/kg} alone. The dose of SCF was 
5,10,15 and 20 Ilg/kg in cohorts 1,2,3 and 4 
respectively. Growth factors were adminis
tered daily from day 3 following chemother
apy until the peripheral white blood count 
was 4 X 109/1, when all patients underwent a 
single apheresis. This apheresis product was 
divided into four aliquots and frozen in a 
controlled rate freezer in the vapour phase 
of liquid nitrogen {Kryo 10: Planer Biomed 
Products Ltd. Middlesex, UK} and then 
transferred to liquid nitrogen and stored at 
-196 0c. Patients randomized to receive SCF 
and filgrastim were given cetirizine 10 mg 
orally 2 h prior to each SCF injection and 2 
puffs of salbutamol via a metered dose in
haler with an aerosol spacing device, 30 min 
prior to this injection, in order to reduce the 
risk of allergic reaction to SCE 

Patients were planned to receive treat
ment at 3-weekly intervals and cycles 2 to 5 
consisted of cyclophosphamide and carbop
latin. Carboplatin dose was prescribed ac
cording to the Calvert Formula [26] at an 
A. U.c. 7.5 mg/mllmin i.e. carboplatin dose = 
7.5 {EDTA clearance +25}mg. Carboplatin 
was reconstituted in 1 1 of 5% dextrose and 
infused over 1 h. Cyclophosphamide 900 
mg/m2 was given immediately after the car
boplatin, and infused over 1 h in 1 1 of nor
mal saline. Ondansetron and dexametha
sone were routinely given as antiemetics. 
Each cycle of combination chemotherapy 
was given as an outpatient and was followed 
24 h later by reinfusion of one aliquot of 
apheresis product. Filgrastim 5 Ilg/kg/day 
was recommenced the following day and 
continued until the absolute neutrophil 
count {ANC} recovery {ANC;:::: 1 X 109/1 for 
3 consecutive days or 10 X 109/1 for 1 day} 
was achieved. 

Patients were only treated when their 
WBC was;:::: 3.0 X 109/1 {or ANC;:::: 1 X 109/l} 
and platelets;:::: 75 X 10911. If the blood count 
failed to recover by the time of the next 
planned cycle of treatment the chemothera
py was delayed until recovery had occurred. 
Treatments were always delivered at full 
dose and never dose-reduced. 

Patients at the Christie Hospital had pe
ripheral blood progenitor cells collected on 
a Spectra cell separator {Cobe laboratories, 
Lakewood, CO} using a continuous collec
tion procedure until 2.5 times the patient's 
blood volume had been processed. Patients 
at Nottingham and Newcastle had their cells 
collected on a CS 3000 cell separator {Baxter 
Fenwal Division, Deerfield, IL}. Platelet 
transfusions were given to maintain a plate
let count;:::: ~ X 109/1 and red cell transfu
sions to maintain a haemoglobin count of 
;:::: 8 gld1. 

Study Procedures 

Full blood counts including manual diffe
rential counts were performed on the fol
lowing days during the mobilisation phase 
and all subsequent treatment cycles: days 1, 
8,10,12,14,16,18 and 20. Serum biochemis
try and CA 125 levels were measured on day 
1 of each cycle of chemotherapy. Mononu
clear cell {MNC} counts and progenitor cell 
assessments (CFU-GM, BFU-E, and CD34+ 
cell counts) were performed on peripheral 
blood samples on the same days as the full 
blood counts during the mobilisation phase 
and also on the apheresis product. 

Results 

Forty eight patients were entered into the 
study, their median age being 49.5 years 
{range 30-65 years}. Five patients were FIGO 
stage Ie, 8 patients stage II, 28 patients stage 
III and 7 patients stage IV. The Christie Hos
pital enrolled 37 patients, Nottingham City 
Hospital 6 patients and Newcastle General 
HospitalS patients. All patients underwent a 
single apheresis except for 4 patients en
rolled from Newcastle General Hospital, one 
patient from the Christie Hospital who had 
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at least two aphereses performed, and the 2 
patients described below who were with
drawn from the study. 

Peripheral Blood 

For CD34+ cells, CFU -GM, and BFU -E mob
ilised into the blood there was a more rapid 
rise and a greater maximum value for pa
tients treated with higher doses of SCF with 
filgrastim compared with the lower doses of 
SCF plus filgrastim or filgrastim alone. The 
pattern for MNC was less clear, with similar 
profiles seen for the SCF 5, 10 and 15 Ilg/kg 
treatment groups. 

The peripheral blood data were investi
gated further by examination of: 
1. Peak values obtained for CD34+ cells, 

CFU-GM, BFU-E and MNC for each pa
tient. 

2. The number of days these parameters re
mained above defined threshold values 
from day 8 to day 18. 

3. The area under the cell count versus time 
curves for each patient between days 8 
and 18. 

The median peak values (and their ranges) 
of progenitor and CD34+ cells mobilised 
into the blood are shown in Table 1. The me
dian peak values for CD34+ cells, CFU-GM 
and BFU-E increased with increasing SCF 
dose across the SCF 5, 10, 15 and 20 Ilg/kg 
plus filgrastim groups. However, there was 
little difference between the filgrastim alone 

group and SCF 5 Ilg/kg plus filgrastim 
group. Median peak MNC values were simi
lar in the groups receiving SCF 5, 10 and 15 
Ilg/kg plus filgrastim, however, the group 
treated with filgrastim plus SCF 20 Ilg/kg 
had a higher median peak MNC value. There 
was approximately a two-fold increase in 
median peak numbers of MNC, a three-fold 
increase in median peak numbers of CD34+ 
cells and BFU-E and a four-fold increase in 
CFU-GM mobilised in those patients treated 
with SCF 20 Ilg/kg plus filgrastim following 
chemotherapy compared with those treated 
with filgrastim alone following chemothera
py. Linear regression analysis (on log scale) 
demonstrated that these increases with SCF 
dose were statistically significant for all four 
parameters, both including and excluding 
the patients receiving filgrastim alone. In 
addition, analysis of variance confirmed sig
nificant differences between the group re
ceiving filgrastim alone and those groups 
treated with SCF plus filgrastim for all pa
rameters (p < 0.001 for CFU -GM, BFU -E and 
CD34+ cells, p = 0.04 for MNC). 

The number of days that peripheral blood 
CD34+ cells, CFU-GM, BFU-E and MNC/ml 
remained above specified threshold levels is 
summarized in Table 2. The median number 
of days above the threshold generally in
creased with increasing doses of SCE The 
greatest number of days above threshold lev
els was observed for those patients receiving 
SCF 20 Ilg/kg plus filgrastim for all parame
ters. As for the peak data in Table 1, the me
dian number of days above threshold levels 

Table 1.Median peak values (range) of progenitor cells mobilised into the blood 

Cyclophosphamide 3 g/m2 followed by 

Filgrastim Filgrastim Filgrastim Filgrastim Filgrastim 
5 flglkg 5 flg/kg+ 5 flg/kg+ 5 flg/kg+ 5 flg/kg+ 

SCF 5 flg/kg SCF 10 flg/kg SCF 15 flg/kg SCF20 flg/kg 

p-value' 

n= 12 n=9 n=9 n=9 n=9 

MNC 49.6 60.7 69.0 62.8 112.3 
X lOs/ml (18.9-92) (31.6-148.8) (27-110.8) (26.4-171.9) (3l.9-151.74) 

p< 0.001 

CFU-GM 10.8 10.6 17.1 35.0 46.4 
X 103/ml (l.5-50.9) (3.7-29.7) (7.6-79.2) (15.4-92.8 ) (15.2-118.9) 

p< 0.001 

BFU-E 13.4 9.5 31.1 51.3 42.9 
X 103/ml (l.9-79.1) (5.4-32.9) (5.8-84.6) (25.1-114.1) (15.4-127.44) 

p< 0.001 

CD34+ 86.8 71.2 118.0 15l.7 290.5 
X 103/ml (18-249.3) (45.6-44l.4) (34.5-36l.8) (85.6-379.5) (126.5-820.6) 

p<O.OOl 

• Linear regression for SCF dose across all five treatment groups. 
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Table 2. Median number of days (and their ranges), peripheral blood MNC, CFU -GM, BFU -E and CD34+ cells 
remained above specified levels, according to treatment group 

Cyclophosphamide 3 g/m2 followed by 

Number of Filgrastim Filgrastim Filgrastim Filgrastim Filgrastim p-valuea 

days for: 5 fig/kg 5 fig/kg + 5 fig/kg + 5 fig/kg + 5 fig/kg + 
SCF 5 fig/kg SCF 10 fig/kg SCF 15 fig/kg SCF 20 fig/kg 

MNC 3.5 6 6 7 8 p< 0.01 
> 20 X 10s/ml (0-5) (1-8) (3-10) (0-9) (7-8) 

CFU-GM 5 4 5 8 9 p< 0.001 
> 5 X 103/ml (0-7) (2-5) (1-8) (5-10) (6-10) 

BFU-E 5 5 6 7 9 p< 0.001 
> 5 X 103/ml (0-7) (2-5) (2-9) (6-10) (6-10) 

CD34+ 3.5 3 4 6 7 p<O.OOl 
> 50 X 103/ml (0-5) (0-5) (0-8) (3-9) (6-8) 

a Linear regression for SCF dose across all five groups. 

for the filgrastim plus SCF 5 flg/kg and the fil
grastim alone groups were similar. Linear re
gression analysis across the five treatment 
groups demonstrated these increases with 
SCF dose to be significant for all parameters 
(p < 0.001 for CD34+ cells, CFU-GM, BFU-E 
and p < 0.01 for MNC). The linear regression 
remained significant for CD34+ cells, CFU
GM and BFU-E (all p < 0.001) when the pa
tients treated with filgrastim alone were ex
cluded from the analysis. Significant differ
ences between the filgrastim alone group 
and the combined SCF plus filgrastim groups 
were found for all four parameters (ANOVA, 
p < 0.001 for CFU-GM, BFU-E and CD34+,p 
= 0.02 for MNC). 

The area under the cell count versus time 
curves (AUC) were calculated for each pa
tient between days 8 and 18 and for each pa
rameter (CD34+ cells, CFU-GM, BFU-E and 
MNC). There was a progressive increase in 
AUC as the dose of SCF increased from 5 
flg/kg to 20 flg/kg. Again, linear regression 
analysis (of log transformed AUCs) across 
the five treatment groups demonstrated the 
increases with SCF dose to be significant for 
all parameters (all p < 0.001). 

Apheresis Product 

The results of PBPC and LTC-IC yields ob
tained from the single apheresis (or first 
apheresis in the case of the 4 Newcastle pa
tients who underwent more than one proce
dure), are shown in Table 3. There was an in-

creasing median number of CFU -GM, BFU
E, CD34+ cells, CD34+/33- cells and LTC-IC 
obtained in the apheresis product with the 
increasing dose of SCE There was a 5-fold 
increase in CFU-GM and BFU-E, a 3-fold in
crease in CD34+ cells, a 66 fold increase in 
CD34+/33- cells and a 5-fold increase in 
LTC-I C in those patients treated with SCF 20 
flg/kg plus filgrastim following chemothera
py compared with those treated with filgras
tim alone following chemotherapy. These 
increases were all highly significant using 
linear regression analysis (on log scale), 
both including and excluding the group of 
patients receiving filgrastim alone. There 
was no evidence for an SCF dose-related in
crease for MNC, but there was a significant 
difference between those patients treated 
with filgrastim alone and the groups treated 
with SCF plus filgrastim (ANOVA, p = 0.02). 
Analysis of variance also demonstrated sig
nificant differences between the group re
ceiving filgrastim alone and those groups 
receiving SCF plus filgrastim for CFU-GM, 
BFU-E, CD34+ cells and CD34+/33- cells (all 
p< 0.01). 

Toxicities During the Administration of Growth 
Factors 

The majority of patients tolerated the 
growth factor injections with either mild or 
no adverse events. The most common side
effect in patients r-eceiving filgrastim alone 
was musculo-skeletal pain at the time of 
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Table 3.Median progenitor cell and LTC-IC yields (range), by treatment group, obtained from a single apher
esis 

Cyclophosphamide 3 g/m2 followed by 

Filgrastim Filgrastim Filgrastim Filgrastim Filgrastim p-valueb 

5 flg/kg 5 flg/kg+ 5 flg/kg+ 5 flg/kg+ 5 flg/kg+ 
SCF 5 flg/kg SCF 10 flg/kg SCF 15 flg/kg SCF 20 flg/kg 

n = 12 n=9 n = 8a n=9 n=7" 

MNC 1.7 3.9 3.6 2.5 3.3 p= 0.29 
X 10S/kg (0.3-6.0) (1.7-7.2) (2.1-6.3) (1.7-6.7) (2.6-5.4) 

CFU-GM 84 107 151 423 444 p< 0.001 
X 104/kg (5-653) (83-138) (119-373) (167-706) (101-930) 

BFU-E 117 143 235 346 564 p< 0.001 
X 104/kg (7-909) (100-308) (134-656) (196-667) (150-871) 

CFU-MK 3.9 6.3 11.3 12.2 4.8 'p< 0.049 
X 104/kg (0-62.2) (3.7-14.9) (5.6-64.0) (2.7-54.2) (2.1-34.3) 

CD34+ 3.2 4.6 6.6 9.9 10.1 p< 0.001 
X 106/kg (1.0-17.0) (1.8-25) (2.6-15.8) (6.3-18.3) (5.4-16.2) 

LTC-ICI 1110916 N/A 114425 113150 112540 P < 0.001 
MNC (2163-46783) (1919-8768) (1672-4447) (449-3785) 

CD34+/33- 0.08 1.29 2.92 3.91 5.55 p< 0.001 
X 106/kg (0-8.2) (0-7.98) (0.27-6.38) (0-6.48) (0-13.8) 

a Data unavailable for 1 patient in cohort 2 (due to late arrival of apheresis sample for analysis) and for two 
patients in cohort 4 (due to failure to obtain venous access in one patient and withdrawal from the study 
prior to apheresis due to adverse event in the other patient). 

b Linear regression for SCF dose across all five groups. 
'Linear regression for SCF dose across four groups, excluding the 20 flg/kg treatment group. N/A - not 

available 

neutrophil recovery from the nadir follow
ing cyclophosphamide 3 g/m2. This oc
curred in 3 out of 12 patients. In the SCF plus 
filgrastim treated patients musculo-skeletal 
pain occurred at a similar time of neutroph
il recovery as the filgrastim alone treated pa
tients. However, this adverse event occurred 
more frequently with 17 out of 36 SCF-treat
ed patients affected. The commonest ad
verse event due to SCF was a local skin reac
tion at the injection site. These reactions 
consisted of mild oedema surrounded by a 
ring of erythema. This type of skin reaction 
occurred in 27 out of the 36 patients receiv
ing SCF and started approximately 4 h after 
the SCF injection and lasted for between 24 
and 48 hours, after which it resolved com
pletely. No patient suffered any skin reac
tions distant to the injection site apart from 
the one patient who developed an anaphy
lactoid reaction following her first injection 
of stem cell factor at 20 jJg/kg. This patient 
required intravenous chlorpheniramine, hy
drocortisone and intramuscular adrenaline 
to relieve the urticaria, chest tightness, and 
stridor resulting from laryngeal oedema. 
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She made a full recovery but as a conse
quence of this reaction was withdrawn from 
the study. A second patient in the 20 jJg/kg 
treatment group was withdrawn from the 
study because it was impossible to obtain 
adequate venous access in order to perform 
the apheresis harvest. A third patient was 
withdrawn prior to receiving her second cy
cle of chemotherapy after developing acute 
renal failure secondary to an episode of neu
tropenic sepsis. However, the patient subse
quently made a full recovery. 

Delays in Chemotherapy 

Only eight of the 45 patients who received 
dose intensive cycles of carboplatin and cy
clophosphamide chemotherapy had any de
lays in their planned treatment. Five of these 
eight patients had only one cycle delayed, 
while the remaining three patients each had 
two cycles delayed, resulting in a total of 11 
cycles delayed out of a possible 134 cycles. 
All the delays were due to the slow hemato
poietic recovery prior to either the penult i-



mate or the final cycle of treatment. Only 2 
out of the 12 patients treated with filgrastim 
alone-mobilised progenitor cells had delays 
in their planned delivery of chemotherapy 
compared with 6 patients out of 33 having 
any delays in the SCF treated groups. Of the 
11 cycles delayed 7 were due to inadequate 
recovery of ANC and 4 due to inadequate re
covery of the platelet count. 

Discussion 

This is the first clinical study reporting on 
the mobilisation of progenitor cells in pa
tients treated with SCF and filgrastim fol
lowing chemotherapy. The combination of 
SCF and filgrastim following cyclophospha
mide effectively mobilised progenitor cells. 
The mobilisation of progenitor cells into the 
peripheral blood was enhanced by the com
bination of SCF and filgrastim following 
chemotherapy compared with the mobilisa
tion produced by filgrastim alone following 
chemotherapy. This enhancement was dose 
dependent for the mobilisation of CFU -GM, 
BFU-E, and CD34+ cells into the peripheral 
blood and in the apheresis product. Linear 
regression analysis of peripheral blood data 
demonstrated a statistically significant in
crease of these parameters with increasing 
SCF dose. This was also demonstrated in the 
yields obtained in the apheresis product, 
with a 5-fold increase in median numbers of 
CFU-GM, BFU-E and LTC-IC, a 3-fold in
crease in median numbers of CD34+ cells 
and a 66 fold increase in the median number 
of CD34+/33- cells obtained in patients re
ceiving SCF 20 Ilg/kg plus filgrastim com
pared with those receiving filgrastim alone. 

We have previously reported the analysis 
of CD34+ subsets and long term culture-in
itiating cells (LTC-IC) [27,28] and demon
strated a highly significant increase in the 
number of CD34+/33- cells mobilised in the 
apheresis product as the dose of stem cell 
factor was increased (p < 0.001). However, 
when analysing the CD34+/38- subsets, vir
tually no cells of this phenotype were detect
ed in the filgrastim alone, SCF 5 Ilg/kg, SCF 
10 Ilg/kg and SCF 15llg/kg treatment groups 
despite at least 500000 cells being analysed 
in each assay. Although, the group receiving 

SCF 20 Ilg/kg had a significant mobilisation 
of CD34+/38- cells, with a median 0.062xl06 
cells/kg (range 0.04-0.49xl06/kg) being col
lected in the apheresis product. We were also 
able to demonstrate a highly significant line
ar trend in median numbers ofLTC-IC mob
ilised with increasing doses of SCF (p < 
0.001). 

The greatly increased number of LTC-IC 
mobilised by SCF in combination with fil
grastim compared with that produced byfil
grastim alone following chemotherapy 
demonstrates that the SCF/filgrastim com
bination also mobilises more primitive cells 
in addition to the CFU-GM and BFU-E.As a 
consequence, there should be excellent ca
pacity of the apheresis product to effect 
prompt and lasting reconstitution following 
myeloablative therapy if SCF is part of the 
patient's mobilisation regimen. 

As the dose of SCF is increased not only 
does the median peak blood value of the par
ticular parameter increase, but the duration 
that each parameter (CFU-GM, BFU-E and 
CD34+ cells) remains above an arbitrary 
threshold value also increased as the dose of 
SCF was increased. Linear regression analy
sis across all five treatment groups con
firmed these increases to be significant for all 
parameters with increasing SCF dose (Table 
2). This has an important clinical implication 
in that as the dose of SCF increases there is a 
greater 'window of opportunity' in which to 
perform the harvest to achieve high yields. 

A further important observation was that 
as the dose of SCF was increased it tended to 
reduce the variability of progenitor cell 
yields between patients within each treat
ment group, particularly for CD34+ cells, 
(all patients treated with SCF 15 Ilg/kg or 20 
Ilg/kg acheived >5 X 106/kg CD34+ cells in 
their apheresis product). A similar observa
tion was described regarding the mobilisa
tion of LTC-IC with increasing doses of 
SCF[28]. This may have important implica
tions for those patients who mobilise pro
genitor cells poorly into the peripheral 
blood, as these patients may well have their 
progenitor cell / LTC-IC yields increased by 
the addition of stem cell factor to the mobil
isation regimen. 

The enhanced yields obtained using the 
combination of chemotherapy, SCF and fil-
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grastim will facilitate investigation of alter
native multicyclic dose-intensive regimens, 
including myeloablative therapies, as SCF in 
combination with filgrastim following 
chemotherapy enhances the mobilisation of 
both committed progenitors and more 
primitive hematopoietic cells including 
LTC-IC, CD34+/33- and CD34+/38- cells 
compared with the mobilisation following 
the administration of chemotherapy and fil
grastim alone. 
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The Influence of Surface Receptors for G + GM-CSF,IL-3 and SCF 
and S-Phase Recruitment of AML Cells on Response to First Phase 
Chemotherapy 
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and o. P. TOLLIDAy 1 

Abstract. In order to improve the outcome of 
treatment for AML, several groups have in
vestigated the use of rh cytokines to prime 
leukaemic cells prior to cell cycle specific 
chemotherapy. Our group has used immu
nofluorescent ligand binding assays to de
termine the proportion of marrow AML 
cells bearing receptors for G + GM-CSF, IL-3 
and SCF and the mean density of these re
ceptors (n=21), prior to incubation in serum 
free medium ± G+GM-CSF, IL-3, SCF, 
SCF+G+GM-CSF or SCF+IL-3 for seven 
days. A significantly greater percentage of 
cells from AML marrow specimens pos
sessed cytokine receptors compared with 
normals (n=17). AML marrow cells howev
er, showed no significant difference in mean 
receptor densities compared with normals 
except for reduced incidence of IL-3 recep
tors. Flow cytometric assessment of recruit
ment into S-phase was undertaken following 
cytokine priming for seven days (chosen to 
favour the self renewing compartment of 
AML cells). The only significant difference 
in kinetic activity between normal and AML 
cells was reduced sensitivity to IL-3 in AML. 
This study sought to determine if these 
measurements could be used to predict the 
response to first phase chemotherapy for 
AML, with response defined as attainment of 
haematological remission and failure of re
sponse as any other outcome. Subjects with 
complete data sets were used in the predic
tive analysis (n=13). Results analysed using 
a multivariate discriminant analysis with 

quadratic curve fitting demonstrated that 
the three best discriminators of outcome 
were 
1. recruitment into S-phase by SCF+IL-3 

cytokine combination 
2. G-CSF receptor density and 
3. baseline S-phase activity after seven days 

incubation in serum free medium. 

These factors, taken together, permitted cor
rect prediction of clinical outcome in 11/13 
cases. It remains to be seen whether such a 
predictive model would continue to apply to 
larger patient cohorts. Despite higher per
centages of AML cells bearing similar den
sities of receptors to normal cells, poor ki
netic response to cytokines was frequently 
observed thus implying possible defective 
intracellular signalling. 

Introduction 

Recombinant human cytokines are potent 
agents whose biological effects include pro
liferation and differentiation of target cells, 
enhanced function of cells and prevention of 
apoptosis. Because of their expense, consen
sus opinion, both in Europe and the USA has 
limited the use of cytokines to well defined 
clinical situations. These are post bone mar
row transplantation, to accelerate regenera
tion of haematopoiesis post chemotherapy 
and for peripheral blood stem cell harvest
ing. 

1 Dept. of Haematology, Royal United Hospital, Bath. BAI 3NG 
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One of the most compelling areas for their 
use however, is the induction of leukaemia 
cells into cell cycle prior to and during 
chemotherapy. Nonetheless, clinical results 
using cytokines in this fashion have been 
disappointing and have led investigators to 
question which patients would benefit from 
such an approach. What is known, is that G
CSF and GM-CSF can be used to facilitate 
normal haematopoietic recovery without 
increasing the incidence of AML relapse, a 
concept which is embraced by the current 
AMLll and AML12 Trials in the United 
Kingdom. 

In the Last 5 years, there has been an ex
plosion in our understanding of how cyto
kines work both at the cell surface and intra
cellular levels. Recent research has demon
strated mutations in cytokine receptor 
genes in patients with AML [1,2]. The work 
presented here augments previous studies 
by our group where AML cells, pre-incubat
ed in cytokine cocktails, have been cultured 
with varying concentrations of Ara-C in 
vitro and different patterns of clonogenic 
responsivity observed [3,4] 

Novel aspects of this present work include: 
1. Seven day pre-incubation of AML cells 

with cytokines in order to favour the self 
renewing compartment [5-7]. 

2. Fluorescent ligand binding assays to per
mit the detection of cytokine receptors 
capable of functional binding combined 
with an attempt to determine the relative 
mean receptor density on cells. 

3. Comparison of in vitro data with clinical 
outcome using a multivariate analysis. 

4. Parallel in vitro investigations with nor
mal cells. 

By adopting such a multifaceted approach it 
may become possible to identify those pa
tients who will accrue the greatest benefit 
from chemotherapy combined with S-phase 
inductive cytokines. 

Materials and Methods 

Patient Selection and Marrow Preparation 

Marrow was aspirated from the posterior 
iliac crests of 21 patients with AML sixteen 

of whom were de novo cases, the remaining 
five having progressed to AML from prodro
mal myelodysplastia. AML patients were ca
tegorised by FAB subtype as : MO: 2, Ml: 1, 
M2: 7,M3: I,M4: 4,M5: 6. In all cases the blast 
burden exceeded 80%. AML patients karyo
types were characterised as good (n=5), 
intermediate (n=5) and poor (n=ll) prog
nostic groups according to recognised crite
ria [8]. 

Patients were further categorised accord
ing to clinical outcome after one course of in
ductive chemotherapy (MRC Trial of the 
time). Complete remission (CR) was defined 
as attainment of haematological remission 
and non response (NR) as any other outcome. 

Normal marrow samples were obtained 
from 17 subjects with non-Hodgkins lym
phoma undergoing marrow examination for 
staging purposes whose marrows were used 
only if subsequently found to be uninvolved 
and free of reactive features. 

Light density marrow cells (LDMCs) were 
obtained by density gradient centrifugation 

(SG=1.077) and were depleted of T-cells 
and monocytes using complement mediat
ed monoclonal antibody cytolysis of CD4, 
CD8 and CD14 cells. This manoeuvre was 
performed to remove haematopoietic acces
sory cells potentially capable of endogenous 
cytokine production. 

Pre-Incubation of Cells with Cytokines 

T-cell and monocyte depleted LDMCs were 
cultured in QBSF 58 serum free medium 
(SFM) (Sigma) at a concentration of 1.5 
xl06/ml. Cultures were maintained for seven 
days either in SFM alone as a negative con
trol or with the inclusion of G+GM -CSF (100 
U/ml each), IL-3 (10 ng/ml), SCF (20 ng/ml) 
or combinations of these cytokines. SCF was 
a kind gift of Amgen Ltd. Following liquid 
culture (pre-incubation), cells were washed 
and aliquoted for kinetic studies. 

Flow Cytometric Studies 

The percentage of normal and AML T-cell 
and monocyte depleted LDMC's in S phase 
following pre-incubation ± cytokines was 
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determined by flow cytometric analysis of 
DNA content using Becton Dickinson's Cy
cle Test Plus DNA reagent kit as recom
mended by the manufacturer to obtain, fix 
and stain nuclei with propidium iodide 
prior to flow cytometric analysis. DNA his
togram analysis was performed using Bec
ton Dickinson's FACScan/cellFIT DNA 
System software which discriminates GO, S 
and G2/M phase cells. For all samples 10000 
cells were analysed 

The percentage of normal and AML T-cell 
and monocyte depleted LDMCs bearing 
surface receptors for G-CSF, GM-CSF, IL-3 
and SCF was quantitatively assessed using 
Fluorokine kits by R&D Systems Europe Ltd. 
according to the manufacturers instruc
tions. The assay involved incubation of cells 
with either directly or indirectly fluoroch
rome conjugated cytokines which when 
bound to specific surface receptors permit
ted flow cytometric evaluation. For all sam
ples 10000 cells were analysed. 

In order to obtain a measure of relative 
mean receptor density per sample, total flu
orescence intensity for the entire cell popu
lation was measured, expressed in arbitory 
units, and divided by the percentage of cells 
bearing that particular receptor. 

Statistical Analysis 

Significance values were obtained using the 
Student's T test or the Mann Whitney U test 
where data was non-parametric. 

In order to establish any correlation 
between in vitro data and clinical outcome, 
multivariate discriminant analysis with 
quadratic curve fitting was used. This analy
sis determined whether individual patients 

could be correctly assigned to either the 
complete remission (CR) or no response 
(NR) clinical outcome groups on the basis of 
S-phase response to cytokines and/or cell 
surface receptor levels. 

Results 

Percentages of normal and AML marrow 
cells bearing surface receptors for different 
cytokines are presented in Table l. 

Mean results ± 1 SE for normal and AML 
T-cell and monocyte depleted LDMCs are 
grouped according to response to first phase 
chemotherapy. The highlighted sections of 
Table 1 indicate significantly different values 
: significantly more AML cells bear receptors 
for all cytokines than normal LDMCs (p = 
< 0.001 in all cases). 

Cytokine Receptor Densities on Normal and AML 
Marrow cells 

Because significantly greater percentages of 
purified AML cells possessed receptors for 
all cytokines, compared with normal 
LDMCs, an attempt was made to further de
fine this difference by looking at mean re
ceptor densities derived from the total fluo
rescent signal for the whole cell population 
divided by the percentage of cells positive 
for the receptor in question. 

Mean receptor densities are summarised 
for normal and AML LD M Cs as mean values 
±lSE. 

No significant difference in densities of 
surface receptors was apparent on AML cells 
from responders and non-responders to 
chemotherapy. 

Table 1. Comparison of percentages of normal and AML cells bearing surface receptors for G-CSF, GM -CSF, 
IL-3 AND SCE 

Receptors Normals AML: AML: AML: 
whole group CR NR 

G-CSF IS.3±4.1 42±4.2 34.4±.8.9 4S.7±4.9 
GM-CSF 22.2±4.4 SI±4.6 60.4±9.6 46.0±S.S 
IL-3 4.S±1.8 31.6±4.1 37.7±10.S 26.1±4.0 
SCF 3.1±1.4 33±4.9 46.0±9.S 26.6±5.6 

n=17 n=21 n=7 n= 14 
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Table 2. Comparison of mean G-CSF, GM -CSF, 1L-3 and SCF receptor densities on AML and normal cells 

G-CSF GM-CSF 1L-3 SCF 

Normals 
n=lO l.7± 1.0 2.3±1.9 4.S±1.9 4.1±2.3 

AML:whole 
groupn=1S 0.4±0.1 0.4±0.1 0.5±0.1 0.4±0.1 

AML:CR 
n=S 0.4±0.2 0.4±0.1 O.S±O.3 0.3±0.1 

AML:NR 
n=10 0.4±0.2 0.S±0.2 0.S±0.1 0.S±0.1 

The highlighted section of Table 2 indicates 
the only significant finding that AML cells 
have lower receptor densities for IL-3 com
pared with normal cells (p = 0.022). Despite 
the similar trend for other cytokine receptors, 
no other significant differences in receptor 
densities were apparent comparing normal 
and AML cells and comparing responders and 
non-responders to chemotherapy. 

Baseline S-Phase and Recruitment Ratios 

In order to examine S-phase recruitment of 
normal and AML marrow cells by cytokines 
and their different combinations, a seven 
day preincubation manoeuvre was em
ployed to favour the self renewing compart
ment. In AML, this approach would target 
the AML stem cell which theoretically is re-

Table 3. Comparison of baseline S-phase activity of 
normal and AML cells 

% Cells in 
S-phase 

Ranges 

Normals 
n=14 S.8±0.9 1.1-11.6 

AML:whole 
group n=21 7.3±1.S 0.3-23.8 

AML:CR 
n=7 S.6±1.3 0.3 - 9.0 

AML:NR 
n=14 S.8±1.2 0.4 - 23.8 

Percentages of normal and AML T-cell and mono
cyte depleted LDMCs in S-phase following seven 
days incubation in SFM alone are presented as mean 
values ±1SE. 
No significant differences were observed between 
the AML patient groups and the normal control sub
jects. 

sponsible for relapse in vivo. Incubation in 
serum free medium alone for seven days was 
used as a control for each normal and AML 
marrow sample. These initial baseline values 
without cytokines are presented in Table 3. 

Because of the variable baseline ranges, it 
was decided to standardise the reporting of 
cytokine priming results using a "S-phase 
recruitment ratio" derived by dividing the 
percentage values following cytokine prein
cubation by the SFM control result for indi
vidual patients. Results for normals subjects 
and AML patients are presented in Table 4 . 

Results are presented as mean values ± 1 
SE for normal and AML T-cell and mono
cyte depleted LDMCs following pre-incuba
tion in SFM± cytokines alone or in combi
nation. 

Increased S-phase activity in normal cells 
with IL-3 priming compared to that ob
served in AMLs from the CR group was the 
only significant finding (p = 0.042). No sig
nificant differences were detected between 
any of the other patient groups and the nor
mal control subjects in response to any cyto
kine permutation. There was however a 
trend towards increased kinetic activity 
with SCF+G+GM and SCF+IL-3 priming of 
AML cells comparing responders and non
responders. 

Multivariate Discrimant Analysis with Quadratic 
Curve Fitting 

In order to examine whether any of the re
sults presented above could predict clinical 
outcome retrospectively, multivariate analy
sis was performed using complete data sets 
(n=13). 
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Table4. Comparison of S-phase recruitment ratios for normal and AML marrow cells 

G+GM-CSF IL-3 SCF SCF + G+GM-CSF SCF+IL-3 

Normals 
n=ll 2.0±0.3 2.1±0.3 1.7±OA 2.5±OA 2.8±0.5 

AML:whole 
groupn=21 2.2±0.5 2.6±0.6 1.6±0.3 3.5±0.3 3A±0.9 

AML:CR 
n=7 1.4±0.1 1.2±0.2 l.3±0.2 1.5±0.2 1.9±0.2 

AML:NR 
n=14 2.6±0.7 3.3±0.9 l.7±OA 4.5±1.3 4.2±1.0 

Table S. Predictability of clinical outcome based on multivariate discrimant analysis with quadratic curve 
fitting 

Predictive 
factors A B C 

Probability 
of correctly predicting 
outcome 0.587 0.563 00485 

The % probability results presented are il
lustrative and demonstrate that the greater 
the number of predictive parameters used 
the greater the chance of assigning a patient 
to the correct group. Factors which had the 
greatest strength of predicting clinical out
come when applied to the group with com
plete data sets were (A) S-phase recruitment 
ratio of AML cells by SCF + IL-3 (B) baseline 
percentage of AML cells in S-phase and (C) 
G-CSF receptor density. 

Discussion 

The concept of inducing proliferation of 
acute myeloblastic leukaemic cells before 
and during chemotherapy is an attractive 
one. Clinical trials incorporating cytotoxic 
agents with G-CSF or GM -CSF have reported 
variable outcomes, but encouragingly, there 
has been no evidence of increased relapse 
rates due to stimulation of the leukaemic 
clone [9,10]. This observation has prompted 
the increasing use of regimes such as FLAG 
which incorporate fludarabine, cytosine ar
abinoside (Ara-C) and G-CSF and the cur
rent MRC AMLl2 trial which uses G-CSF 
post induction chemotherapy. Implicit in 
the success of such therapeutic manoeuvres 
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A+B A+C B+C A+B+C 

0.618 0.512 0.933 0.996 

however, must be the presence of functional 
cell surface receptors on AML cells capable 
of binding the relevant ligand and intact 
downstream signalling. 

In previous in vitro studies we have noted 
considerable heterogeneity of response of 
AML cells to cytokine priming with G+GM
CSF or IL-3 in terms of kinetic response and 
subsequent sensitivity to Ara-C in clonogen
ic culture [4]. Only by including SCF in 
priming cocktails was an element of consis
tency of AML response observed as SCF syn
ergised with the other cytokines in a propor
tion of cases [3]. 

AML is a biologically diverse group of 
diseases typified by disappointing and un
predictable responses to therapy thus it is 
hardly surprising that in vitro responses to 
cytokines should be equally diverse. This 
observation prompted us to investigate ki
netic response to cytokines, pecentages of 
cells bearing receptors and densities of sur
face receptors for cytokines on "purified" 
AML blasts. These analyses were performed 
in parallel on normal cells in order to 
delineate "normality" as a comparative 
measure. 

G-CSF and GM-CSF in combination were 
used as priming agents as they are of partic
ular clinical relevance, however in order to 



target more primitive progenitors IL-3 and 
SCF were included, the latter because of its 
stimulatory effects at or near the level of the 
multipotent stem cell [11, 12]. 

The immunofluorescent ligand binding 
assays revealed that the percentage of AML 
cells bearing surface receptors for all these 
cytokines was significantly greater than on 
normal cells, with no correlation between 
these data and clinical outcome for AMLs. 
Some studies using monoclonal antibodies 
against receptors report normal numbers of 
cytokine receptors on "de novo" AML blasts 
[13, 14]. Our methodology, which only per
mits detection of receptors functionally ca
pable of binding cytokines, suggests that, at 
the extra-membrane level at least, AML re
ceptors are functionally intact. Presumably, 
as the AML cell suspensions used comprise 
greater than 80% malignant blasts, the in
creased percentages of cells bearing cyto
kine receptors, particularly for IL-3 and SCF, 
reflect the primitive nature of cells under 
study compared to the relatively later com
partments represented by normal LDMCs. 
Thus,AML cells should be able to respond to 
more primitive stimulators possibly pro
duced locally by adjacent leukaemic or other 
cells. 

It has been suggested that normal myeloid 
cell maturation is accompanied by function
al changes in the GM-CSF receptor. Normal
ly, both Class I and Class II GM-CSF recep
tors are present, the former evident on more 
mature cells ( and downregulated by GM
CSF ) and both found on more primitive 
normal cells, the Class II upregulated by li
gand. In addition, IL-3 can compete with 
GM -CSF in binding Class II receptors. In 
AML, leukaemic blasts have predominantly 
Class II receptors and this may, in part, ex
plain the increased binding ofIL-3 and GM
CSF compared with normal LDMCs [15]. 
SCF exerts its effect primarily on early plu
ripotent or multipotent stem cells. Leu
kaemic progenitors escape normal matura
tion therefore it is not unreasonable to sup
pose that a greater proportion of these early 
malignant cells might bear SCF receptors 
than a population of normal marrow cells 
spanning a range of maturation stages. 

Regardless of the consistent observation 
that proportionally more AML cells bear cy-

tokine receptors than normal cells, there was 
no significant difference noted in mean re
ceptor density with the exception of reduced 
incidence of IL-3 receptor density on AML 
cells. The receptor density of GM-CSF recep
tors on AML blasts has been previously ob
served to be of a similar to that of normals 
[16]. Indeed we have observed that GM-CSF, 
G-CSF, IL-3 and SCF all act optimally at 
identical concentrations on both normal 
and AML cells in vitro (unpublished obser
vations). 

The higher percentages of AML cells bear
ing surface receptors and at similar mean 
densities, except for reduced IL-3, did not 
translate into increased S-phase activity of 
AML cells compared to normal cells meas
ured either before or following cytokine 
priming. Thus, despite the greater potential 
for S-phase recruitment of AML cells by cy
tokines capable of binding through func
tional surface receptors, the kinetic response 
observed were not proportionally increased. 
This may imply, that in this cohort of AML 
patients, defective responses to cytokines do 
not involve the ligand/receptor interaction 
but rather a defect further downstream in 
signal transduction. 

Karyotypic abnormalities are well docu
mented in AML and the cytogenetic pattern 
in individual patients can be an important 
prognostic predictor. Nonetheless, response 
to therapy is often unpredictable. We sought 
to examine whether our in vitro findings 
might correlate in any way with clinical re
sponse to first phase chemotherapy in pa
tients of good, intermediate and severe kar
yotypic status. Standard induction regimens 
using current MRC protocols were em
ployed. No correlation was noted between 
karyotpic grouping and in vitro findings. 
However, using multivariate analysis, three 
in vitro variables had particular predictive 
importance in assigning patients to the cor
rect clinical outcome groups (11/13). These 
factors were high S-phase recruitment of 
AML cells by SCF+IL-3, high baseline per
centage of AML cells in S-phase and low G
CSF receptor density and were associated 
with poor clinical outcome. No variable tak
en alone was predictive. We do not suggest 
that this multi-faceted analytical approach 
is a practical way to predict clinical response 
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to therapy. However, as our repetoire of data 
increases as more patients are accrued, it 
may be possible to prospectively identify an 
in vitro invesigation(s) of predictive value. 

These data re-enforce the concept of AML 
as a biologically complex and unpredictable 
disease in which flaws in signal tranduction 
cascades may contribute to the impaired re
sponse to cytokines. It may be that the only 
possibility of a worthwhile predictive model 
may lie at the molecular level. 
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Abstract. Hematopoietic cell self-renewal, 
proliferation, differentiation, and survival 
are regulated by a complex network of inte
grated processes under the control of extra
and intra-cellular mechanisms. Shc is an 
adaptor molecule implicated in the regula
tion of cell proliferation. To assess the role 
Shc may play in regulating hematopoietic 
cells, we engineered the overexpression of 
Shc in the recently described GM-CSF-de
pendent GF-D8 cell line by retroviral gene 
transfer and analyzed subsequent effects on 
cell behavior. Early passaged Shc- or mock
transfected GF-D8 clones, cultured in RPMI-
1640 with FBS (10%) and GM-CSF (20 
ng/ml), were used. Western blot analysis 
confirmed that the transfected clone (GF
D8/Shc) had a significantly higher expres
sion of Shc as compared to the parental 
clone (GF-D8), or clones retrovirally trans
duced with the LXSN vector only (GF
D8/SN). Analysis of nuclear DNA fragmen
tation by DNA gel electrophoresis revealed 
that GF-D8/SN cells underwent apoptosis 24 
h following GM-CSF deprivation, whereas 
GF-D8/Shc cells failed to show any evidence 
of apoptosis up to six days after GM-CSF 
deprivation. Apoptosis was associated with a 
progressive decrease of Bcl-2 and increase of 
CD95 expression. To evaluate the clonogenic 
response of GF-D8/SN and GF-D8/Shc to 
growth factors, cells were GM-CSF-starved 
for 24-48 h and then cultured in methylcellu-

lose with increasing concentrations (0.001 -
50 ng/ml) of different growth factors, in
cluding GM-CSF, G-CSF, and MGDF. Cell 
proliferation was analyzed by assaying colo
nies (aggregates of 2: 40 cells). As compared 
to GF-D8/Shc cells, GF-D8/SN cells generat
ed significantly lower numbers of colonies 
upon stimulation with GM-CSF. Both Shc
or mock-transfected GF-D8 cells failed to 
give rise to clonal aggregates in response to 
G-CSF and MGDF. In conclusion, our data 
demonstrate that Shc overexpression in
creases GM-CSF sensitivity and prevents 
apoptosis of GF-D8 cells. These results sug
gest that: 
1. Shc is an important regulator of cell sur

vival and proliferation, 
2. our model system might be useful for in

vestigating leukemic hematopoiesis as 
well as the controlled amplification of ge
netically modified hematopoietic cells. 

Introduction 

Hematopoietic cell self-renewal, prolifera
tion, differentiation, and survival are regulat
ed by a complex network of highly integrated 
processes under the control of regulatory 
molecules and intracellular mechanisms [1]. 
Granulocyte-macrophage colony-stimulat
ing factor (GM-CSF) mainly regulates pro
liferation, differentiation and functional acti-
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vation of normal myeloid cells [2]. In addi
tion, GM-CSF has been shown to be an essen
tial regulator of acute myelogenous leukemia 
(AML) cell proliferation both in vivo and in 
vitro [3]. Unlike fresh leukemic cells, most 
AML cell lines are growth factor independent 
due to additional genetic abnormalities ac
quired in vitro which allow their unrestricted 
proliferation even in the absence of exoge
nously added growth factors [4]. Recently, a 
number of AML cell lines have been de
scribed which retain their original growth 
factor dependency for continuous growth 
[5]. These cell lines including the GM-CSF
dependent GF-D8 cell line [6] represents use
ful in vitro models for studying signal trans
duction pathways triggered by growth factors 
as well as leukemogenic mechanism(s). 

All GM-CSF effects are mediated by a het
erodimeric receptor comprised of a ligand 
binding subunit, denoted ex, and of a trans
ducing subunit, designed as ~ [7]. Although 
GM-CSF does not possess an intrinsic tyro
sine kinase domain, several lines of evidence 
indicate that signaling processes initiated by 
ligand binding to the receptor induce activa
tion of cellular tyrosine kinases [8]. Signaling 
from the GM-CSF receptor involve a number 
of transducing molecules, including Shc, 
Grb2,Sosl,Ras,Raf-l [9]. 

To assess the role Shc may play in regulat
ing hematopoietic cells, we engineered the 
overexpression of Shc in the GM-CSF-de
pendent GF-D8 cell line [6] by retroviral gene 
transfer and analyzed subsequent effects on 
the behavior of cell proliferation and survi
val. 

Materials and Methods 

Cell Line. Early passaged Shc- or mock-trans
fected GF-D8 cells, maintained in RPMI -1640 
(Gibco, Grand Island, NY) supplemented 
with 10% FBS (Stem Cell Technologies, Van
couver, Canada) and 20 ng/ml GM-CSF (San
doz, Basel, Switzerland), were used through
out the study. 

Retrovirus Production and Infection. The Shc 
coding sequence was cloned within the 
EcoRI and Hpal restriction sites of the 
LXSN retrovirus plasmide and the GF-D8 
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cell line transfection was obtained according 
to protocol previously described [10]. 

Western Blotting. Ten millions of cells were 
lysed on ice in 50 mM Tris HCI pH 8, 150 mM 
NaCI,1 mM EGTA pH 8, 100 mM NaF pH 8, 
10% glycerol, l.5 mM MgCI2, 1 % vol/vol Tri
ton X -100, 1 mM sodium orthovanadate con
taining freshly added protease inhibitors (1 
mM phenylmethyl sulfonhyl fluoride, 10 mg 
ml-lleupeptin and 5 mg ml-1 aprotinin). In
soluble materials were removed by centrifu
gation for 20 min at 13,000 rpm at 4°C and 
protein concentration determined according 
to Bradford procedure. Fifty micrograms of 
total cell lysate was denatured by heating to 
100°C for 3 minutes in SDS gel-loading buf
fer. Samples were then resolved on 7.5% SDS
PAGE and electrophoretically transferred to 
gene Screen Plus membrane at 0.3 A over
night at 4 0c. After blocking with 2.5% nonfat 
dry milk dissolved in PBS-T (NaCl 
NaH2P042H20 and Tween-20 0.12%) filters 
were probed with polyclonal anti-Shc anti
body (1:5000) for 2 h at room temperature 
[11]. After extensive washing in PBS at room 
temperature, immune complexes were de
tected with horseradish-peroxidase conju
gated species-specific secondary antiserum 
followed by the enhanced chemilumines
cence reaction (ECLTM,Amersham) accord
ing to manufacture protocol. 

Colony Assay. Colony formation by Shc- or 
mock-transfected GF-D8 clones was assayed 
in methylcellulose culture [12]. Briefly, 
Shc or mock-transfected GF-D8 cells (1 x 
103/dish) were plated in 35-mm petri dishes 
in I-ml aliquots of Iscove's modified 
Dulbecco's medium (IMDM, Seromed, Ber
lin, Germany) supplemented with 20% FBS 
(Stem Cell Technologies, Vancouver, Cana
da),2 mM L-glutamine and 1.1 % (w/v) meth
ylcellulose (Stem Cell Technologies). Cultures 
stimulated with increasing concentration of 
granulocyte-macrophage colony-stimulat
ing factor (GM-CSF,0.001-50 ng/ml,Sandoz), 
granulocyte colony-stimulating factor (G
CSF, 0.001-50 nglml, Amgen Inc., Thousand 
Oaks, CA), or megakaryocyte growth and de
velopment factor (MGDF,O.I- 50 nglml,Am
gen Inc.) were incubated (37°C, 5% CO2) for 
10-14 days in a humidified atmosphere. Ag-



gregates of ;:::: 40 cells were scored as colonies. 
Four dishes were set up for each individual 
data point per experiment. 

Immunological Analysis. CD95 and Bcl-2 ex
pression on GF-D8 cells was analyzed by di
rect immunofluorescence analysis [13] . Cells 
(0.5 X 106/ml) were stained with fluorescein 
(Fitc}-conjugated anti-CD95 (clone DX2, 
Becton-Dickinson, Mountain View, CA, 
USA) or Fitc-conjugated anti-Bcl-2 (clone 
124, Dakopatts, Copenhagen, Denmark). 
Cells to be analyzed for Bcl-2 expression 
were fixed with 0.25% paraformaldehyde (15 
min, room temperature) and permeabilized 
with cold 70% methanol (60 min, 4°C). Con
trol samples labeled with an appropriate iso
type-matched mouse IgG for both CD95 and 
Bcl-2 (IgG1-Fitc) were included in each ex
periment. Cells were analyzed on a FACSort 
laser flow cytometry system (Becton Dickin
son) equipped with a Macintosh (Apple 
Computer, Cupertino, CA, USA) Quadra 650 
computer using Cell Quest (Becton Dickin
son) software. 

Nuclear DNA Fragmentation. Nuclear DNA 
fragmentation was detected by DNA gel elec
trophoresis [14]. To perform DNA gel elec
trophoresis, cell samples were collected by 
centrifugation, washed in PBS, resuspended 
in 20 f1l1O mM EDTA,50 mM Tris-HCl (pH 8) 
containing 0.5% (w/v) sodium lauryl sarkos
inate and 0.5 mg/ml proteinase K (Boehrin
ger Mannheim, Mannheim, Germany), and 
incubated at 50°C for 1 h . Following addition 
of 10 f11 RNase A (0.5 mg/ml), incubation at 
50°C continued for 1 h. Samples were heated 
to 70°C, and 10 f1110 mM EDTA (pH 8) con
taining 1 % (w/v) agarose,0.25% (w/v) bro
mophenol blue and 40% (w/v) sucrose was 
mixed with each sample before loading into 
the dry wells of a 2% (w/v) agarose gel con
taining 0.1 f1g/ml ethidium bromide. Electro
phoresis was carried out in 2 mM EDTA 800 
mM Tris-phosphate (pH 7.8) until the mark
er dye had migrated 3-4 cm. 

Results 

As shown in Fig. 1, Western blot analysis 
confirmed that the transfected clone (GF-
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Fig. l. Western blot analysis showing that the trans
fected clone (GF-D8IShc) had a significantly higher 
expression of Shc as compared to clones retrovirally 
transduced with the LXSN vector only (GF-D8ISN) 

D8/Shc} had a significantly higher expres
sion of Shc as compared to the parental 
clone (GF-D8), or clones retrovirally trans
duced with the LXSN vector only (GF
D8/SN). 

To evaluate the clonogenic response of 
GF-D8/SN and GF-D8/Shc to growth factors, 
cells were GM-CSF-starved for 24-48 hand 
then cultured in methylcellulose with in
creasing concentrations of different growth 
factors, including GM-CSF (0.001-50 ng/ml), 
G-CSF (0.001-50 ng/ml) and MGDF (0.1-50 
ng/ml) . Cell proliferation was analyzed by 
assaying colony formation in semisolid me
dium. As compared to GF-D8/Shc cells, GF
D8/SN cells generated significantly lower 
numbers of colonies upon stimulation with 
GM-CSF (Fig. 2). Both Shc- or mock-trans
fected GF-D8 cells failed to give rise to clonal 
aggregates in response to G-CSF or MGDF 
(data not shown). 

Cell survival was analyzed by nuclear 
DNA fragmentation. This analysis revealed 
that GF-D8/SN cells underwent apoptosis 
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Fig.2.Colony formation by GF-D8/Shc and GF-D8/SN in response to increasing concentrations of GM-CSF 

24 h following GM-CSF deprivation, where
as GF-DS/Shc cells failed to show any evi
dence of apoptosis up to six days after GM
CSF deprivation (Fig. 3). Both in GF-DS/SN 
(Fig. 4) and GF-DS/Shc (data not shown), 
GM-CSF deprivation was associated with a 
progressive decrease of Bcl-2 and increase of 
CD95 expression. 

Discussion 

The Shc gene encodes three widely ex
pressed signaling and transforming pro
teins of 46, 52 and 66 kDa, containing a C
terminal SH2 domain [15]. Shc proteins are 
rapidly associated with, and phosphorylated 
by growth factor receptors with intrinsic ty
rosine kinase activity [16]. Shc proteins are 
involved in mitogenic signal transduction 
and act by coupling growth factor receptors 
to the Ras signaling pathway that regulates 
the proliferation of mammalian cells [17]. 
Shc proteins are phosphorylated upon acti
vation of GM-CSF receptor and have been 
shown to be involved in the transmission of 
GM-CSF signals to Ras [1S]. 

GM-CSF plays a crucial role in the regula
tion of normal and leukemic myeloid cell 
proliferation both in vitro and in vivo. The 
availability of continuous cell lines which 
have retained the property of growth factor 
dependency allows useful in vitro models 
for investigating functional relationships 
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between growth factors and adaptor mole
cules involved in signal transduction. 

We have investigated the effects of Shc 
overexpression in the recently described 
GM-CSF-dependent GF-DS cell line [6] and 
here demonstrate that Shc overexpression 
induces hypersensitivity of GF-DS cells to 
GM-CSF and prevents apoptosis of these 
cells following GM -CSF deprivation. 

Despite Shc overexpression, GF-DS cells 
retained their dependency on GM-CSF, thus 
suggesting that in this specific model system 
Shc is devoided of transforming activity. 
Analysis of GF-DS proliferative response to 
GM-CSF, as measured by clonogenic assays, 
revealed that Shc overexpression was asso
ciated with increased number of colonies 
generated in response to suboptimal (0.001-
1 ng/ml) and optimal (5-10 ng/ml) concen
trations of GM -CSF. The plating efficiency of 
GF-DS/Shc cells was increased two- to five
fold by maximal concentrations of GM -CSF 
(10 ng/ml). In addition, colonies generated 
by GF-DS/Shc cells were bigger in size than 
those generated by the parental clone. Taken 
together, these data implies that overexpres
sion of Shc proteins results in increased re
cruitment of cells able to proliferate in semi
solid culture, i.e., increased clonogenic ac
tivity, and increased proliferative potential 
of individual clonogenic cells [19]. The 
number and size of colonies generated by a 
progenitor cell population stimulated with 
maximum doses of a given growth factor 
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Fig.3.Following GM-CSF deprivation, GF-DS/SN cells underwent apoptosis within 24 h whereas GF-DS/Shc 
cells failed to show any evidence of apoptosis up to day +6 
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Fig.4. CD95 and Bcl-2 expression on GF-DS/SN following GM-CSF deprivation for 12 to 24 h 

can only be increased by combination of 
growth factors [20]. Thus, it can be inferred 
that Shc overexpression in the presence of a 
single growth factor mimics the functional 
behavior of progenitor cells stimulated by 
combination of growth factors. 

Homeostasis of multicellular organisms is 
controlled not only by the proliferation and 
differentiation of cells but also by cell death 
[21]. During normal tissue turnover, the 
death of cells mainly occurs through apop
tosis, a process that includes condensation 
and segmentation of nuclei and fragmenta
tion of chromosomal DNA into nucleosome 

units [22]. Apoptosis occurs by default when 
cells fail to receive the extracellular survival 
signals needed to suppress an intrinsic cell 
suicide program [23]. The Fas receptor {Fas
R)/Fas ligand (Fas-L) system plays an im
portant role in mediating apoptotic signals 
both in the lymphoid as well as myeloid 
system [24]. Following GM-CSF depriva
tion, GF-D8 cells undergo apoptosis within 
24 h. Overexpression of Shc proteins signifi
cantly affects this apoptotic process, in that 
it delays the appearance of DNA fragmenta
tion up to 6 days following GM-CSF depriva
tion. This finding suggests that Shc overex-
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pression activates signal transduction path
ways capable of counteracting apoptosis 
triggered by growth factor deprivation, i.e., 
Shc overexpression activates survival sig
nals. Changes of CD95 and Bcl-2 expression 
we detected in GF-DS/SN cells (Fig. 4) and 
GF-DS/Shc cells (data not shown) following 
GM-CSF deprivation demonstrate an in
volvement of the Fas-R/Fas-L system and of 
the oncogene Bcl-2 in this apoptotic process. 
Potential relationship among Shc, Fas
R/Fas-L and Bcl-2 pathways remains to be 
investigated. 

In conclusion, our data demonstrate that 
Shc overexpression increases GM-CSF sen
sitivity and prevents apoptosis of GF-DS 
cells. These results indicate Shc to be an im
portant regulator of cell proliferation and 
survival, and suggest that our model system 
might be useful for investigating leukemic 
and preleukemic hematopoiesis as well as 
the controlled amplification of genetically 
modified hematopoietic stem cells. 
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ICAM-l Levels Correlations with Cytokine (lL-l,IL-6 and TNF) Production 
During the Course of Acute Lymphoblastic Leukemia (ALL) in Children 

A.CHYBICKA 1, J. w. JAWORSKI2, and J. BOGUSLAWSKA-JAWORSKA 1 

Abstract. This study was undertaken to es
tablish the role of I CAM -1 levels and their 
correlation with cytokines (IL-l, IL-6 and 
TNF) production in the pathogenesis and in 
the clinical course of childhood ALL. A total 
number of 160 children with ALL, 96 boys 
and 64 girls, aged from 0.5 to 15 years was 
included into the study. ICAM-llevels and 
IL-6 production were studied according to 
the conventional ELISA Genzyme-test, TNF 
production was studied in supernatants de
rived from 24 h PBSC mononuclear culture, 
according to the method based on growth 
inhibition of 929 mice fibroblasts sensitive 
to TNF, IL-l production after the method 
based on inhibition of autologous rosette 
formation by thymocytes of CBA mouse. 
Thirty seven healthy children served as the 
control group. A correlation between 
ICAM-1 and TNF and IL-1 was observed, a 
decrease after start of chemotherapy of ALL 
being noted, while a relative increase of IL-6 
was observed. It was found that in children 
with ALL the serum levels of ICAM-1 was 
higher, during the whole period of therapy 
while IL-1- production was significantly 
lower than that observed in the control 
group of healthy children (p < 0.005). After 
cessation of therapy ICAM-l, IL-l and TNF 
production increased, while IL-6 produc
tion remained on the same level. During a 
lO-year period after the end of therapy me
dian values of IL-l did not reach the values 
of the control group. 

Introduction 

Acute lymphoblastic leukemia (ALL) is a 
malignant process characterized by unre
stricted growth and maturation arrest of 
hematopoietic precursor cells, possibly due 
to abnormal expression of adhesion mole
cules and/or impaired cytokines produc
tion, or abnormal cytokine receptor ex
pression [1-6]. Adhesion molecules are 
composed of an increasingly large group of 
surface membrane molecules, which, stim
ulated by cytokines, mediate contact 
between cells on the other parts and other 
cells or extracellular matrix (ECM) [7]. 
Their function is that of ensuring tight cell 
to cell, contact which is important for major 
biological phenomena such as cell migra
tion during embryogenesis, hematopoiesis, 
immunopoiesis, inflammation and for the 
spreading and metastasis of tumor cells [8-
11]. Despite the recent progress in our 
understanding of the role of adhesion 
molecules and cytokines in the origin of 
cancer cells, their biological significance 
for malignant cell proliferation is far from 
clear. Inadequate cooperation between net
work cytokines and adhesion molecules 
expression also plays an important role in 
the clinical course of the disease [10-14]. 
We have previously reported the distur
bances in cytokine production, in lympho
cyte subset numbers and in cytotoxic activ
ity of natural killer cells during the course 
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of cytostatic therapy in children with acute 
lymphoblastic leukemia [15-17]. Therefore, 
we were interested to learn, if there is a cor
relation between impaired cytokine pro
duction and levels of the soluble form of 
ICAM -1. 

Aim ofthe Study 

This study was undertaken to establish the 
role ofICAM-l serum levels and their corre
lations with the cytokine network (IL-l, IL-6 
and TNF ) in pathogenesis and the clinical 
course of childhood acute lymphoblastic 
leukemia (ALL). 

Materials 

Between 1988 and 1997, 160 children (96 
boys and 64 girls),rangingin age from 0.5 to 
15 years (median 9 years) were treated ac
cording to the BFM protocol for low and 
middle risk group and according to the New 
York protocol for high risk group [15, 16]. 
All children were observed in the Depart
ment of Children Hematology and Oncolo
gy, Faculty of Medicine in Wrocaw. Thirty 
nine healthy children of the same age served 
as controls for IL-l level examinations, 20 
for TNF production and 22 for ICAM-l ac
tivity. The initial characteristics of the ex
amined children with ALL are presented in 
Table 1. 

Table 1. Clinical characteristics of children with ALL 

Sex Boys 
Girls 

Age < 2 years 
2-10 years 
>10 years 

Clinical classification LRG 
MRG 
HRG 

FAB classification 11 
12 
L3 

Immunological classification preB 
B 
T 
Non T non B 
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Methods 

Serum and heparinized vein blood samples 
were drawn from children at different stages 
of their disease: at the time of diagnosis, dur
ing intensive therapy (induction, consolida
tion), during maintenance therapy and after 
completion of the treatment. ICAM -1 in ser
um was examined. IL-l, IL-6 and TNF in 
supernatants from 24 h cell culture were 
checked. Mononuclear cells were isolated on 
Lymphoprep (Nesco) gradient, then count
ed, resuspended in Eagle's medium contain
ing 10% FCS and placed in an incubator 
(37°C, 5% CO2) at a concentration of 2 X 106 

cells/ml for 24 h. After 24 h of incubation the 
supernatants were removed. 

ICAM-l and IL-6Assay [18-20] 

For specific measurement of ICAM-l and 
IL-6 a commercially available antibody 
"sandwich" ELISA assay was used (TM 
ICAM-l, Interleukin-6 Genzyme Elisa kit). 
First samples, standards and control were 
incubated with a solid phase monoclonal 
antibody supplied precoated on microtiter 
wells and used to capture the ICAM-l, IL-6 
present. The solid-phase bound ICAM-l,IL-
6 was then incubated with a second anti
body, biotinylated mouse anti-human 
ICAM-l, IL-6 polyclonal. The resulting im
mune complex was then incubated with adi
vin-peroxidase conjugate. The substrate 

n=150 % 
96 60.00 
64 40.00 

9 5.63 
139 86.88 
12 7.50 

45 28.13 
102 63.75 

13 8.13 

129 80.00 
30 18.75 
2 l.25 

46163 73.02 
2/63 3.17 
6163 9.52 

63/64 15.87 



(peroxide) and the chromogen (tetrameth
ylbenzidine) were added. The resulting color 
development was directly proportional to 
the amount of ICAM-l, IL-6. Absorbance 
values were read at 450 nm using an ELISA 
reader. Accurate sample concentrations of 
IL-6 were determinated by comparing their 
respective absorbances with those obtained 
for the standards plotted on a standard 
curve. 

IL-l Determination [21] 

The method used to determine of IL-l activ
ity described by Zimecki and Wieczorek was 
based on inhibition of number of thymocy
tes forming autologous rosettes [29]. 1.8 ml 
107 thymocytes of RPMI, were supplement
ed with 10% FCS and antibiotics, and then 
incubated with 0.2 ml of supernatant, at var
ious dilutions for 24 h in a CO2 incubator. 

The Rosette Assay. The cells were resuspend
ed in Eagle's medium at a concentration of 
3 X 106 cells/ml, supplemented with 10% 
mouse serum/preabsorbed with syngenic 
erythrocytes/. To 0.1 ml of the cell suspen
sion 0.1 ml of 12% syngenic erythrocytes 
was added, mixed and centrifuged for 5 min 
at 200 g at 4 0c. After 24 h incubation at 4 °C 
0.5 ml of Hank's medium 0.1 mlofO.l % acri
dine orange solution was added, the cells 
were gently resuspended and kept in an ice 
bath. The percentage of autologous rosettes 
formed by thymocytes from 2-month CBA 
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mice were counted, the number varying 
from 28-33%. Control samples consisted of 
referential r-IL-l dilution. All the results 
were expressed in units of IL-1. One unit of 
IL-l inhibited 50% of rosette formation. 

TNF Assay [22,23] 

Five X 104 mice fibroblasts1200 ml!well were 
incubated for 4 h at 37°C. After washing with 
100 RPMI 640 + 2% FCS + actynomycin D 
1 mg/ml and different dilutions of superna
tants (20, 10,5,1 and 0.5%) were added. Con
trol samples consisted of referential r-TNF 
dilution. After further 18 h of incubation 
(37°C, 5% CO2), nonadherent cells were 
removed by washing mice with PBS. Then 
crystal violet was used to color the cells. The 
violet was then extracted and absorbency 
values were read at 570 nm. Accurate sample 
concentrations of TNF were determined by 
comparing their respective absorbance with 
those obtained for the standards plotted on a 
standard curve. 

Results 

The results of our studies on ICAM-llevels 
and IL-l and IL-6 and TNF production 
at various phases of therapy are shown in 
Table 2. 

At the time of diagnosis before any treat
ment was started, we found the decrease of 
median values of I CAM -1, IL-6, parallel with 

FliIICAM-l*lOO 

• IL-l units * 100 

OIL-6 pg/ml 

[) TNF units* 1000 

before 
therapy 

during 
cyto tatic 

th.:rap 

after 
cytostatic 

therapy 

control 
group 

Fig.l. ICAM-l serum levels and IL-l, IL-6 and TNF productions in children with ALL during various phases 
of treatment (median values) 

371 



deficient IL-l production. The values of IL-l 
were lower than obtained in the control 
group consisting of healthy children. The 
median ICAM-l and TNF production was 
higher when compared with children from 
the control group. 

The ICAM-l serum levels and TNF, IL-l 
production decreased after starting chemo
therapy and remained low during the whole 
period of treatment, whereas a relative in
crease in IL-6 was observed {Fig.I}. 

After cessation of therapy, an increase in 
ICAM-l, TNF and IL-l production was no
ticed, while IL-6 values remained at the same 
level. During a period of 5 years after cessa
tion of therapy IL-l median values did not 
reach the values of the control group of 
healthy children, while ICAM-l, IL-6 and 
TNF production were within normal limits 
and even above. 

Discussion 

As an extension of our previous observation 
[15-17], we hypothesize that impaired IL-l, 
TNF and IL-6 production observed in chil
dren with ALL may influence serum levels of 
ICAM-I. 

Gearing et al. found that ICAM-l serum 
levels are higher in HD patients than in nor
mal controls and in patients with more ad
vanced HD [24]. Herman et al. have shown 
reduced production of IL-l in patients with 
malignancies [24,25]. In the present study 
we have investigated the I CAM -1 serum lev
els, IL-l, IL-6 and TNF in children with ALL 
before, during and after cessation of chemo
therapy. 

Our findings and literature data suggest 
that some cancer patients have TNF, IL-l and 
IL-6 released by cancer cells themselves, 
which may be responsible for malignant cell 
proliferation [26-28]. (IL-6 and TNF for 
myeloma, plasmocytoma) [29, 30]. IL-l 
stimulates malignant cell growth through 
IL-6 stimulation [31,32]. Overproduction of 
IL-l and TNF could stimulate expression of 
adhesion molecules on the cancer cell sur
face and also on the endothelial cell surface, 
which may lead to easier spreading of neo
plasm [33-36]. 

We conclude that antineoplastic chemo-
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therapy administered to children with ALL 
may damage the mechanisms in peripheral 
blood cells, which leads to defective expres
sion of I CAM -1 and production of cytokines 
TNF and IL-l, which may contribute to an 
increased risk of life-threatening infection 
in these patients. Other authors have report
ed similar results in patients with different 
types of cancer during chemotherapy 
[37-39]. Our studies revealed that IL-6 pro
duction during the whole period of therapy 
was higher than from normal healthy con
trols, which does not correlate with im
paired IL-l activity and TNF production 
(statistically n.s) and I CAM -1 serum levels. 
Sudhoff have noted similar results [3]. 

It is, however, noticeable that after cessa
tion of chemotherapy the level of IL-l pro
duction remains decreased. The reason for 
this is not clear. The possible role of specific 
IL-l inhibitors needs experimental confir
mation [40]. After cessation of chemothera
py ICAM-l serum levels and IL-6 and TNF 
production were found to be highly elevat
ed. It seems that high IL-6 and TNF activity 
could be explained by concomitant infection 
with hepatitis Band C viruses recorded in 
some of the children [41]. However, the role 
level of I CAM -1, IL-l, IL-6 and TNF activity 
after successful chemotherapy needs further 
studies and observation. Future trials on cy
tokines and adhesion molecules will better 
explore the regulatory mechanism of cyto
kine gene expression, receptor levels and re
ceptor antagonist levels, which may lead to 
using cytokines and antiadhesive drugs as 
therapeutic agents not only to reduce he
matologic toxicity [42-47]. 
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High Serum IGFBP-2 in Acute Lymphoblastic Leukemia may be an 
Indication for Increased Risk of Relapse 
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and W. F. BWM2 

Abstract. In view of the morbidity after 
chemotherapy, patients with acute lympho
blastic leukemia (ALL) were treated accord
ing to risk-group-directed protocols. Empir
ical prognostic factors, including biological 
features oflymphoblasts, are used as factors 
to identify subgroups of patients needing in
tensified or less toxic treatment. 

The IGF signaling system plays an impor
tant role in mitogenic effects during normal 
and tumor proliferation. IGFs were found in 
circulation and in extracellular fluids bound 
to specific IGF binding proteins (IGFBP). 
IGFBP regulate the bioavailability of IGFs 
for specific IGF/ IGF-receptor interactions, 
which are essential for metabolic and mito
genic effects of the IGFs. It has been shown 
that normal lymphocytes and leukemic cell 
lines express and secrete IGFBP. A func
tional type 1 IGF receptor in hematopoetic 
cells has been demonstrated. 

Previously we investigated serum levels of 
IGFBPs in children suffering from ALL and 
found elevated concentrations ofIGFBP-2 at 
the time of diagnosis. Out of 53 children, 
with a follow-up of 2 years or death during 
that period, 8 developed a relapse (3 patients 
with HR-ALL, 4 with MR-ALL and one with 
SR-ALL). The occurrence of relapse was 
restricted to children with elevated serum 
IGFBP-2 at diagnosis. We conclude that ser
um IGFBP-2 at time of diagnosis seems to be 
an additional parameter to determine clini
cal outcome in ALL. Further studies are nec-

essary to evaluate the possible use as a risk 
factor in patients with ALL. 

Introduction 

A number of factors have contributed to the 
remarkable advances in the survival rate of 
children with acute lymphoblastic leukemia 
(ALL), including randomized controlled 
clinical studies, introduction of new effec
tive cytostatics and an effective supportive 
care system [28]. However, endocrine dys
function and damage of the epipysial 
growth plates have been reported as late ef
fects of antileukemic treatment during 
childhood [18]. In view of the morbidity 
after radiochemothe-rapy [IS, 31] current 
treatment concepts avoided cranial irradia
tion and modified multiagent regimens_ On 
the basis of empirical prognostic factors pa
tients were treated according to risk-group 
directed protocols. Various biological fea
tures of lymphoblasts are used as factors to 
identify subgroups of patients who needed 
intensified or on the other hand less toxic 
treatment [28]. 

The IGFaxis has been known to be in
volved in cell proliferation and apoptosis of 
a variety of normal and malignant cell types 
[8, 11, 16]. It has been shown, that normal 
lymphocytes and lymphoblast cell lines ex
press and secrete IGFBP [23,24]. The pres
ence of a functional type 1 IGF receptor 
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8 patients who developed a relapse. 

(IGF-1R) was demonstrated in hemato
poietic cells [1,12,14]. 

Previously [17, 19,20,33] we found altered 
serum levels ofIGF-I,-II and IGFBP-2 and-3 
in children with ALL or NHL at the time of 
diagnosis. In order to evaluate the clinical 
significance we continued to study these pa
tients after the end of therapy. 

Patients and Methods 

All blood samples were obtained from pa
tients, who were referred to our oncological 
unit. Diagnoses were based on the definition 
of the BFM cooperative study group [32]. 
Serum was stored at -20°C until analysis. 
IGF-I and IGF-II,IGFBP-2 and -3 were deter
mined by radioimmunoassay as described 
previously [2,5,6]' except that recombinant 
hIGFBP-2 (kind gift from Sandoz, Basel, 
Switzerland) was used for tracer and stan
dard preparation [7] . IGF-I and IGF-II were 
measured after acid ethanol extraction. Be
cause of the age-dependence of the normal 
ranges during childhood, the values of IGF
I, IGF-II, IGFBP-2 and IGFBP-3 have been 
age-adjusted [4] by calculating the standard 
deviation score (SDS). 
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Results 

Significant decreased serum concentrations 
of IGF-I, -II and IGFBP-3 and elevated 
IGFBP-2 were found at diagnosis of ALL 
(Fig.1) . When patients were grouped accord
ing to the age, immunophenotype or ALL 
risk factors [28,32] no difference was found 
with respect to mean IGF-I, IGF-II, IGFBP-2 
and IGFBP-3Ievels. 

Out of 53 children, with a follow-up of 2 
years or death during that period, 8 devel
oped a relapse (2 patients with HR-ALL, 5 
with MR-ALL and one with SR-ALL). The 
occurrence of relapse was restricted to 
children with elevated serum IGFBP-2 at di
agnosis. In contrast, at the time of relapse 
only one patient (one with SR-ALL) had ele
vated IGFBP-2. 

Discussion 

Various biological features of lymphoblasts 
are used to identify subgroups of patients 
needed intensified or on the other hand less 
toxic treatment. However, reliable prognos
tic factors are still missing at least in patients 
with MR-ALL [28]. 



Previously we reported data on 28 pa
tients [19], showing that despite the striking 
changes in the initial serum levels of IGF-I, 
IGF-II, IGFBP-2 and IGFBP-3 these parame
ters were not correlated to empirical risk 
factors, i.e. age at diagnosis, immunopheno
type or ALL risk factor [27]. In continuation 
of this study 53 patients were followed for 
more than 2 years. A relapse has been diag
nosed in 8 patients including 5 children who 
died later. The occurrence of relapse was re
stricted to children with elevated serum 
IGFBP-2 (> 2 SDS) at diagnosis. 

IGFBP may potentiate [3,9] or inhibit [10, 
25] actions of IGF. The precise function of 
IGFBP-2 during postnatal life is not yet 
known. Elevated serum levels ofIGFBP-2 has 
been described in solid tumors and leukemia 
[13,19,21,34] and in non-malignant condi
tions, e.g., after protein restriction or growth 
hormone deficiency [2,29]. Interestingly, in 
tumors of the central nervous system of high 
grade malignancy a correlation between 
IGFBP-2 and number of malignant cells in 
cerebrospinal fluid has been shown [22]. In 
addition, in Wilms tumor [34] and tumors of 
the central nervous system [22] high expres
sion ofIGFBP-2 in tumor cells was suggested 
to correlate with tumor proliferation. Bind
ing ofIGF to the type 1 IGF receptor has been 
identified as the limiting signal leading to 
DNA synthesis and proliferation [26, 30]. 
Therefore, in view of the decreased IGF-I and 
IGF-II it might be possible that hematopoiet
ic stem cells secreting IGFBP-2 build up a lo
cal reservoir of I G F s. 
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Abstract. The search for a factor regulating 
megakaryocytopoiesis lead to the cloning of 
thrombopoietin (TPO) that specifically pro
motes proliferation and differentiation of 
the megakaryocytic lineage. The availability 
of recombinant TPO and its imminent clini
cal use has made a more detailed under
standing of its effects on hematopoietic cells 
more urgent. Normal megakaryocyto- and 
thrombopoiesis occurs predominantly in 
the bone marrow, a difficult organ to study 
in situ, particular in humans due to the low 
numbers of megakaryocytic progenitors 
and the difficult isolation as pure popula
tions. We developed an in vitro system which 
may allow to address questions regarding 
the biology ofTPO. The acute myeloid leuke
mia (AML)-derived cell lines HU-3, M-07e, 
M-MOK and TF-l have absolute depen
dence on granulocyte-macrophage colony
stimulating factor (GM-CSF). We cultured 
these cells long term (> 6 months) in the 
presence of TPO (omitting GM-CSF). TPO 
alone supported the maintenance and ex
pansion of these sister cell lines, HU -3/TPO, 
M-07e/TPO, M-MOK/TPO and TF-lITPO, 
that displayed longer doubling times, a larg
er cell size, and a higher percentage of poly
nucleated giant cells and slightly adherent 
cells than the corresponding countercul
tures grown with GM -CSF. In the absence of 
TPO, the cells died quickly within few days; 
thus, the TPO-grown cell lines have an abso
lute dependence on this factor, but could all 
be switched back to growth with GM -CSF. In 

comparison with the GM-CSF-treated cells, 
the receptors for GM-CSF and interleukin-3 
(IL-3) were down-regulated and the recep
tors for stem cell factor (SCF) and TPO were 
up-regulated in the TPO-exposed cells. A 
short-term proliferation assay showed a 
stronger response of the TPO-cell lines to 
erythropoietin, GM-CSF, IL-3, PIXY-321, 
SCF and TPO than the GM-CSF-cell lines. 
Flow cytometric analysis of the GM-CSF
and TPO-cultured lines displayed an up-re
gulation of the megakaryocytic surface 
markers CD41, CD42 and CD61 and a down
regulation of the erythroid marker glycoph
orin A in the latter cell lines, suggesting dif
ferentiation along the megakaryocytic line
age. Thus, in long term exposure, TPO ap
pears to have both a proliferative and a dif
ferentiative effect on responsive cells. Under 
serum-deprived culture conditions, TPO 
acted as a survival factor on the TPO-cell 
lines. Taken together, these findings indicate 
that the TPO-dependent cell lines represent 
important biological reagents for further 
characterization of the biology of TPO and 
should provide also a great aid for future in 
vitro experiments aimed at elucidating meg
akaryocyto- and thrombopoiesis. 

Introduction 

Regulation of blood cell production, diffe
rentiation, and certain functional responses 
is mediated in part by specific hematopoie-

DSMZ-German Collection of Microorganisms and Cell Cultures, Department of Human and Animal Cell 
Cultures, Braunschweig, Germany 
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tic growth factors. The initial event in 
growth factor action consists of the factor's 
binding to its cognate membrane receptor. 
This binding triggers a series of intracellular 
mediators involved in the signaling path
ways. A novel hematopoietic growth factor, 
thrombopoietin (TPO), was cloned and 
shown to be a megakaryocytic lineage-asso
ciated growth and differentiation factor. 
Binding of TPO to its receptor, c-MPL, medi
ates pleiotropic effects on megakaryocyte 
development in vitro and in vivo. TPO is 
clearly the primary regulator of this cell lin
eage acting at all levels of megakaryocyto
poiesis and thrombopoiesis [1]. 

The availability of TPO will be of consi
derable clinical importance for the treatment 
of thrombocytopenias following high-dose 
chemotherapy, irradiation and other bone 
marrow failures [2]. While TPO has moved 
tremendously quickly from theory to clinical 
trials, more insight into the (patho )physiolo
gy of TPO is clearly required. Thus, it is abso
lutely essential that both in vivo and in vitro 
TPO research will be performed. 

Studies on megakaryocytopoiesis using 
bone marrow specimens are hampered by 
the paucity of megakaryocytic progenitors 
and more committed cells within the total 
population (requiring sophisticated purifi
cation steps) and the heterogeneity of the 
bystander cells. Continuous cell lines, de
rived from leukemias involving this cell line
age, represent alternative in vitro models 
due to their monoclonal homogeneity and 

Table 1.Leukemia cell lines used 

Cell Ref. Phenotype of 
line cell line" 

HU-3 [6] Megakaryocytic/erythroid 
M-07e [7] Megakaryocytic 
MB-02 [8] Megakaryocytic/erythroid 
M-MOK [9] Megakaryocytic 
MUTZ-2 [10] Myeloid 
MUTZ-3 [10] Monocytic 
OC1-AML-1 [11] Myeloid 
OC1-AML-5 [11] Myeloid 
TF-1 [12] Erythroid 
UT-7 [13] Megakaryocytic/pluripotent 

unlimited availability. Only few cell lines ap
pear to respond to TPO, in terms of en
hanced proliferation or induced differentia
tion [1,3]. In order to facilitate future inves
tigations on TPO, we established and charac
terized cell lines that are absolutely depen
dent on TPO for growth and survival. These 
TPO-dependent cell lines provide an experi
mental setting in which the study of TPO 
regulation and its effects can be adequately 
performed. 

Materials and Methods 

Leukemia Cell Lines 

The cell lines were taken from the stock of 
the cell bank of the DSMZ [4,5] or were gen
erously provided by the investigators who 
established the cell lines for research pur
poses (Table 1). They were grown at 37°C in 
a humidified atmosphere of air containing 
5% CO2, The basal growth media (Gibco 
BRL, Eggenstein, Germany) were supple
mented with 5-20% heat-inactivated fetal 
bovine serum (FBS) (Sigma, Deisenhofen, 
Germany). For selective experiments, cells 
were incubated in serum-free medium. The 
growth factor-dependent cell lines were cul
tured routinely with recombinant cytokines 
or with supernatant (10-20% v/v) from the 
bladder carcinoma cell line 5637. The mor
phology of the cells was evaluated in May
Griinwald-Giemsa stained cytospins. The 

Year Original Sample Age/Sex Stimulation 
diseaseb siteb index (TPO)C 

1991 AMLM7 BM 69F 11.4 
1987 AMLM7 BM 0.5 F 8.4 
1986 AMLM7 PB 70M 1.1 
1989 AMLM7 BM IF 11.0 
1993 AMLM2 PB 62M 1.5 
1993 AMLM4 PB 29M 2.2 
1987 AMLM4 PB 73 F 3.1 
1990 AMLM4 PB 77M 1.5 
1987 AMLM6 BM 37M 14.5 
1988 AMLM7 BM 64M 1.4 

a Phenotype based on the expression of immunological surface markers, capability to differentiate upon 
stimulation, functional features, etc. 

b According to original publication; BM: bone marrow; PB: peripheral blood. 
C Stimulation indices (SO are refered to the untreated control culture; an SI > 2 is considered to be significant. 
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cell counts and viabilities were examined in 
standard hematocytometers. 

Establishment ofTPO-OependentCell Lines 

The original cultures of these 10 cell lines 
(Table 1) had all been maintained in 10-20% 
vol 5637 conditioned medium (CM), the 
main cytokine ingredients of which are G
CSF (40 ng/ml in 100% 5637 CM) and GM
CSF (2 ng/ml)[14J. The original cells were 
washed, divided into two aliquots (starting 
concentration of 0.5 X 106 cells/ml in 1 mI) 
and incubated in medium containing one of 
the following cytokines or CM: 5637 CM 
(10% vol); GM-CSF (5 ng/ml); SCF (50 
ng/ml); or TPO (20 ng/mI). During 1 week, 
cells were weaned of the initially added cy
tokine by decreasing progressively its con
centrations while simultaneously adding 
and increasing the new cytokine. 

Immunofluorescence Analysis of Antigen Cell 
Surface Expression 

Surface expression of receptors (R) was ana
lyzed by indirect immunofluorescence 
staining and flow cytometry (FACScan; Bec
ton Dickinson, Heidelberg, Germany) ap
plying specific monoclonal antibodies 
(McAbs): anti-GM-CSFRAAA (CD1l6; 1m
munotech, Hamburg, Germany); anti-Kit 
(CD1l7; 1mmunotech); anti-1L-3RAAA 
(CD123; R&D Systems, Wiesbaden, Germa
ny); and anti-MPL (Genzyme, Riisselsheim, 
Germany). Several cell lineage-associated 
differentiation surface markers were exam
ined with the following McAbs: anti-gpIIb 
(CD41; 1mmunotech); anti-gp1b (CD42b; 
1mmunotech); anti-gpIIIa (CD61; Dako, 
Hamburg, Germany); anti-glycophorin A 
(VIE-G4; Prof. Knapp, Vienna,Austria); anti
HLA-DR (RFDR-2; Prof. Janossy, London, 
UK). Non-reactive isotype-specific reagents 
were applied as controls. 

Proliferation Assay 

A proliferative response was examined by 3H_ 
thymidine incorporation: cells were seeded 

in triplicate in 100 III medium (at 2.5 or 5 X 
105 cells/ml) in flat-bottomed 96-well plates; 
for the last 4 h of the 48-h-incubation period, 
1 IlCi [methyVHJthymidine (Amersham
Buchler, Braunschweig, Germany) was added 
to each well. Commercially supplied cyto
kines were used: erythropoietin (EPO; 5 
U/ml); G-CSF (10 ng/ml); GM-CSF (10 
ng/ml); 1L-3 (10 ng/ml); SCF (50 ng/ml) 
(Boehringer Mannheim, Germany; R&D 
Systems). TPO (at 100 Vlml) from Zymoge
netics (Dr. D. C. Foster, Seattle, WA, USA). 
P1XY-321 (a GM-CSF/1L-3 fusion protein; at 
10 ng/ml) from 1mmunex (Seattle, WA, USA). 

Western Blot Analysis 

Two X 106 cells were pelleted, resuspended 
in protease inhibitor buffer and lysed by 
boiling in SDS-PAGE (polyacrylamide gel) 
sample buffer. Proteins were separated in an 
SDS-PAGE by electrophoresis and blotted 
onto nitrocellulose membranes by electro
blotting (Sartorius, G6ttingen, Germany). 
For STAT 3 and STAT 5 detection, the mem
branes were labelled with the respective mu
rine McAbs (Dianova, Hamburg, Germany) 
and specific bands were visualized applying 
a biotin/horseradish peroxidase system 
(Amersham) in combination with the Re
naissance Western Blot Chemolumines
cence Reagent protocol (Du Pont NEN, Bad 
Homburg, Germany). 

Results 

Establishment ofTPO-OependentCell Lines 

We cultured 10 constitutively growth factor
dependent cell lines (Table 1) in the presence 
of 20 ng/ml TPO and the respective control 
cultures in GM-CSF, SCF or 5637 CM for 
more than 5 weeks (Fig. 1). HU-3, M-07e, M
MOK, MUTZ-3, OC1-AML-1 and TF-1 re
sponded proliferatively in a short-term (48 
h) thymidine uptake assay to incubation 
with TPO (a response with a stimulation in
dex > 2 was considered significant) (Table 
1). MB-02 and UT-7 were chosen because 
they are of megakaryocytic origin and dis
play markers of this cell lineage; myeloid cell 
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Fig. 1. Establishment of TPO-dependent cell lines. While growth of the GM -CSF- and TPO-treated cultures of 
HU-3, M-07e, and M-MOK was similar or identical, proliferation of the TF-lITPO cell line started only very 
slowly at about day 15-17. At the days indicated, the cultures were split 1 :4; spent culture supernatants were 
exchanged at regular intervals without loss of any cells in order to expand maximally the cell populations 

lines MUTZ-2 and OCI-AML-5 were used as 
controls. MB-02, MUTZ-2, MUTZ-3, OCI
AML-5 and UT-7 clearly did not grow in the 
continuous presence of TPO while vigorous
ly growing in the presence of GM-CSF, SCF 
or 5637 CM. HU-3, M-07e and M-MOK grew 
with TPO as well as they did with GM-CSF or 
5737 CM whereas OCI-AML-I and TF-I 
showed a delayed, but still significant pro
liferation upon exposure to TPO. In the case 
of OCI-AML-I, it appeared that a cytokine
independent sub clone had grown out as cy
tokine-deprived 0 CI -AML-lITPO cells 
grew as well as their sister cells incubated 
with either GM-CSF or TPO. All further ex
periments were performed with the GM
CSF- and TPO-dependent variants of HU-3, 
M-07e, M-MOK and TF-I. These 4 TPO-de
pendent cell lines were kept in continuous 
culture for more than 6 months without loss 
of their dependency on TPO. We confirmed 
the dependency of these lines on TPO for cell 
survival and growth and thus excluded the 
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outgrowth of a cytokine-independent sub
clone: in the presence of the respective cyto
kine (GM-CSF or TPO), the HU-3,M-07e,M
MOK and TF-I cells proliferated normally, 
but stopped proliferation and eventually 
died when the cytokines were omitted from 
the culture medium. When the cells of the 4 
TPO-dependent variants were switched 
back to GM-CSF exposure (without adap
tion period), the cells grew immediately well 
or better than with TPO in all four lines; cells 
continuously incubated with GM-CSF and 
switched to TPO (in the absence of GM
CSF), did not show immediately vigorous 
growth. The TPO-variants showed some
what longer doubling times (Table 2). 

Surface Expression of Cytokine Receptors 
and Differentiation Markers 

Using flow cytometry, we examined the GM
CSF- and TPO-treated cell lines for differ-



MPL 

CD41 

CD42 

CD61 

Fig.2.M-MOK/GM-CSF (open curves) and M-MOK/TPO cells (solid curves) were analyzed by flow cytome
try for marker expression on day 87. Note the up regulation of the expression of all four proteins on the TPO
exposed cells in comparison with the GM-CSF-treated cells 

Table 2. Cytokine receptor and surface marker expression by GM -CSF- vs. TPO-dependent cell lines 

Cell CD CD CD MPL CD41 CD42 CD61 GlyA HLA- FSC' Doubling 
line 116 123 117 DR time 

HU-3/GM 97b 95 85 14 52 16 99 10 70 160' 60 ± lI d 
HU-3/TPO 92 89 99 31 72 21 99 8 47 146 65 ± 15 

M-07e/GM 98 89 100 22 50 89 98 45 0 118 46 ± 12 
M-07e/TPO 84 64 100 30 56 96 97 43 0 119 59 ± 10 
M-MOK/GM 95 75 99 37 60 77 98 18 0 104 45 ± 6 
M-MOK/TPO 76 73 99 60 91 99 100 4 0 115 54 ± 11 
TF-l/GM 92 63 56 18 97 39 100 18 99 140 39 ± 6 
TF-l/TPO 86 36 69 26 98 30 100 6 99 155 74 ± 5 

CDII6 = GM-CSFRa; CDI23 = IL-3Ra; CDII7 = c-kit; MPL = TPO-R; CD41 = gpIIb/IIIa; CD42 = gplb; 
CD61 = gpIIIa; GlyA = glycophorin A . 
• Forward scatter indicating the size of the cells. 
b Percentages of positive cells as detected by flow cytometry. Cells were tested at days 87-108. Similar results 

were obtained at earlier passages (days 68-83) . Differences of 5% or more between the GM-CSF- and TPO-
treated cultures were considered as significant. 

, Mean channel on an arbitrary scale. 
d Doubling times are given in hours; cells were incubated with 10 ng/ml GM-CSF or 10 ng/ml TPO. 

ences in the expression of several cytokine 
receptors and surface proteins associated 
with erythroid and megakaryocytic diffe
rentiation (Table 2, Fig. 2). We considered a 
(reproducible) 5% difference in antigen ex-

pression to be significant. In comparison 
with the GM-CSF-dependent variants, the 
GM-CSFR and IL-3R were down-regulated 
in 4/4 and in 3/4 TPO-dependent cell lines, 
respectively; c-kit and MPL were up-regu-
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lated in 2/4 and 4/4 cell lines, respectively; 
levels of the megakaryocytic markers 
CD4l/CD42 and CD61 were increased in 3/4 
(percentages of positive cells) and 2/4 cell 
lines (intensity of expression according to 
the mean fluorescence channel), respective
ly, while expression of the erythroid marker 
glycophorin A was decreased in 2/4 cell 
lines. M -MOK/TPO and TF-l/TPO cells were 
significantly larger than their GM-CSF
counterparts in the forward scatter analysis; 
while the GM-CSF- and TPO-variants of M-
07e were of similar size, only the HU-3/GM 
cells were larger than their TPO-treated sis
ter cells. 

Morphological Analysis 

Both the GM-CSF- and the TPO-exposed 
variants of the cell lines HU-3 and M-MOK 
grew as single cells in suspension with only 
few cells forming small aggregates. Com
pared with their GM-CSF-treated sister cul
tures, significantly higher percentages of the 
M-07e/TPO and TF-l/TPO cells adhered to 
the plastic with long cellular extensions. Of 
note are also the giant, polynucleated cells 
(1-3%) that were seen in the TF-l/TPO cul
tures; none of the other cultures, neither the 
GM-CSF- nor the TPO-treated lines, dis
played significant numbers of these giant 
cells. With regard to the morphological ap
pearance of the May-Griinwald-Giemsa
stained mononucleated cells, there were no 
significant differences between the respec
tive pairs of GM-CSF- and TPO-incubated 
cells. The GM-CSF- and the TPO-treated 

cells displayed very similar or identical mor
phological features: the surface of the cells 
was highly deformed with cytoplasmic ex
trusions, reminiscent of the physiological 
release of platelets from the periphery of the 
cell ("membrane blebbing"). 

Expression of STAT 3 and STAT 5 Molecules 

Long-term culture of the 4 cell lines with ei
ther GM-CSF or TPO did not alter the pat
tern of STAT 3 and STAT 5 expression. All 
variants showed constitutively strong ex
pression of both proteins. 

TPO as Survival Factor 

We evaluated the ability of TPO to protect 
the four TPO-dependent cell lines under se
rum-free conditions. TPO could clearly ex
tend the survival of HU-3/TPO and M
MOK/TPO. TF-l/TPO cells even showed 
some degree of proliferation in the serum
free medium. We calculated the following 
half-lives; HU-3/TPO: nil (25 h), 20 ng/ml 
TPO (73 h), 5 ng/ml GM-CSF (74 h); M
MOK/TPO: nil (42 h), TPO (74 h), GM-CSF 
(102 h); TF-l/TPO: nil (32 h), GM-CSF (18 
h), TPO (growth). 

Mitogenic Effects of Several Cytokines 

As shown in Table 3, the TPO-treated vari
ants responded proliferatively to the same 
cytokines as their parental GM-CSF-treated 

Table 3. Proliferative response ofthe GM-CSF- and TPO-dependent cell lines to various cytokines 

Cell line 5637CM EPO G-CSF GM-CSF IL-3 PIXY-321 SCF TPO 

HU-3/GM 972" 639 156 2782 1971 2915 1357 711 
HU-3/TPO 1113 954 107 4014 3442 4552 2942 1430 

M-07e/GM 554 108 91 1012 881 990 805 411 
M-07e/TPO 977 112 102 1916 1507 2289 1371 1404 

M-MOK/GM 1272 117 140 2475 2186 3142 5026 1284 
M-MOK/TPO 1015 91 99 1940 2026 2604 2465 1624 

TF-l/GM 948 450 98 960 908 948 426 312 
TF-l/TPO 1094 650 95 1554 1264 1566 598 664 

"Results are expressed as percentages of the respective untreated control cells. Cells were tested at days 
81-110. Similar results were obtained at earlier passages (day 68). 
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cells. Apart from TPO, 5637 CM, EPO (only 
on HU-3 and TF-l),GM-CSF,IL-3,PIXY-321 
and SCF had mitogenic effects on these cell 
lines; G-CSF did not stimulate growth in any 
of these cultures. The TPO-exposed variants 
of HU -3, M -07 e and TF-l showed higher 3H_ 
thymidine incorporations relative to the re
spective untreated control cells than the sis
ter cultures grown in GM -CSF. The reverse, a 
stronger proliferative response of the GM
CSF variant to incubation with 5637 CM, 
GM-CSF, IL-3, PIXY-321 and SCF was seen 
for M-MOK. Dose-response curves demon
strated a significantly stronger proliferative 
stimulus of TPO on all four TPO-celllines 
than on the GM-CSF-celllines. 

Discussion 

Studies on hematopoietic precursor cells 
and their immature progeny are hampered 
by the paucity of these cells in the normal 
hematopoetic tissues and the necessity for 
extensive purification procedures. Such 
studies often take recourse to hematopoietic 
cell lines established from patients with leu
kemia which recapitulate many of the deve
lopmental steps of normal cells. TPO has a 
tremendous clinical potential and there is an 
explosion of research activities in this field. 
We felt it was important to generate a repro
ducible, accessible and significant in vitro 
system that is sufficiently representative to 
perform the extensive examinations of the 
biological functions ofTPO. 

In this study TPO was used to establish 
TPO-dependent continuous human leuke
mia-derived cell lines. The four lines derived 
from constitutively growth factor-depen
dent cell lines were continuously grown for 
more than 6 months in TPO-supported liq
uid culture. The cells are TPO-dependent 
rather than merely TPO-responsive as omis
sion ofTPO in the cell culture completely ab
rogated cell proliferation. While the swift 
change from incubation with GM-CSF to 
TPO was not successful, rather requiring a 
certain adaptation period, all TPO-treated 
cell lines could be easily switched back to 
GM-CSF. 

Under serum-free conditions TPO pro
moted cell viability by repressing apoptosis 

in the TPO-dependent cultures. Depending 
on the experimental setting TPO can act as a 
survival factor or as a proliferation-induc
ing agent. The survival signal provided by 
TPO is, however, not specific as also GM -CSF 
rescued TPO-treated cells from apoptosis 
upon withdrawal of TPO. 

While GM-CSFR and IL-3R were down
regulated in the TPO-treated cells, c-kit and 
MPL were upregulated. The cytokines EPO, 
GM-CSF, IL-3, PIXY-321, SCF and TPO had 
stronger growth-stimulating effects on 
three or all four of the TPO-dependent cell 
lines than on their GM-CSF-exposed coun
terparts. The immunophenotypic shift of 
the TPO-celliines to a stronger expression of 
the megakaryocytic surface markers CD41, 
CD42 and CD61, accompanied by the down
regulation of the erythroid lineage-associat
ed surface protein glycophorin A, suggests 
differentiation along the megakaryocytic 
cell axis induced by the long-term exposure 
to TPO. 

Komatsu et al. succeeded in isolating a 
subline designated UT -7 ITPO that was abso
lutely dependent on TPO for growth and 
survival showing several mature megakar
yocytic properties [15]. Recently, we were 
able to also establish a TPO-dependent UT-7 
cell line confirming these results (data not 
shown). Other studies showed that it is pos
sible to transfer or extend the cytokine-de
pendency of cell lines from one to another or 
several factors: an EPO-dependent sub line, 
UT-7/EPO, had been isolated from the pa
rental UT-7/GM cells (grown in GM-CSF); 
the cell line M-TAT (cultured with GM-CSF 
as M -TAT IGM -CSF) proliferated similarly 
for more than 1 year in EPO (M-TAT/EPO) 
orSCF (M-TAT/SCF) [16,17]. 

This switch to incubation of a growth fac
tor-dependent cell line with a different cyto
kine is not always possible; the fact that a cell 
line responds proliferatively for a short peri
od of time (24-72 h) to a given cytokine does 
not automatically imply that these cells can 
be grown over longer periods of time with 
this particular factor (in the absence of the 
"usual diet"). In addition, there is always the 
possibility that the cells become quickly cy
tokine-independent, showing vigorous 
growth, but no longer requiring supplemen
tation of any external growth factor. 
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In summary, we report here the establish
ment of four TPO-dependent leukemia cell 
lines isolated from constitutively growth 
factor-dependent cell lines. The present data 
show that the culture systems described 
herein may be useful to dissect basic mecha
nisms regulating megakaryocyto- and 
thrombopoiesis in a simplified and isolated 
setting. 
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Generation of Active Oxygen Forms by Neutrophils and 
Granulocytopoiesis in Patients with Acute Lymphoblastic Leukemia 
under Therapy with Use of G-CSF Granocyte 

E.I. SMIRNOVA 1, G.N. SEMENKOVA 2, E.I. KOVALENK02, V. GEREIN3, 

and S.N. CHERENKEVICH2 

Abstract. It was established that the yield of 
active oxygen forms (AOF) in neutrophils 
of children with acute lymphoblastic leuke
mia (ALL) at the adhesion of cells and at la
tex action was lower in patients with neutro
penia in comparison with normal donors. 
Simultaneous restoration of granulocyto
poiesis and increase in the ability to generate 
AOF by cells usually occur in patients in the 
course of therapy with the use of granulo
cyte colony-stimulating factor (G-CSF). Ces
sation of G-CSF injection to patients with 
primary ALL and with relapse results in de
crease in oxygen activating ability of cells 
and increase in the contents of young neu
trophil forms in blood. It was found that 
myeloperoxidase activity of neutrophils in 
patients with ALL in neutropenia is lower in 
comparison to normal donors and did not 
change in the course of therapy with the use 
G-CSF. It was shown that G-CSF therapy of 
patients with ALL leads to partial restora
tion of the activity of redox systems local
ised in plasma membranes but not inside the 
cells. 

Introduction 

Treatment of oncological diseases in chil
dren is impossible without employment of 
complex intensive chemotherapy protocols. 
Use of such protocols inevitably causes pro-

found myelosuppression [1,2]. It is shown 
that neutropenia results in higher risk of ex
ogenous and endogenous infections in the 
organism. The degree of the risk of infec
tions correlates with the duration and sever
ity of neutropenia [3,4]. It becomes an ob
stacle to further administration of intensive 
chemotherapy cycles and results in poor 
prognosis. 

In the Republic of Belarus the rate of chil
dren mortality as a result of infections is 2-3 
times higher as compared with the other Eu
ropean countries. Examination of patients 
in the Belarusian Children's Oncohemato
logical Centre (Minsk, Belarus) has shown 
that 67.2 % of patients with ALL in complete 
remission had sepsis [5]. 

Might be decreased by mortality the use 
of growth and differentiation hemopoietic 
factors. The granulocyte colony-stimulating 
factors (G-CSFs) are very important among 
these factors. It is known from publications 
that G-CSFs facilitate: myelopoiesis restora
tion after transplantation of bone marrow 
and intensification of chemotherapy sched
ules due to decrease in severity and duration 
of neutropenia, reduction of the treatment 
cost because of decreased consumption of 
expensive antibiotics, blood preparations 
and their substitutes and shorter hospital
isation time [6,7]. In vitro comparison ofbi
ological capacities of various commercial 
recombinant G-CSFs (rG-CSFs) forms has 

1 Belarusian Children's Oneohematological Centre, Minsk, Belarus 
2 Department of Biophysics of Belarus State University, Minsk, Belarus 
3 Children Oneo-Hematological Clinic, Gummersbaeh, Germany 
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shown that the glycosylated form of Grano
cyte G-CSF (lenograstim) (Chinese hamster 
ovary cell-derived) has the highest efficien
cy in comparison with the nonglycosylated 
form [8,9]. 

It should be noted that the functional ac
tivity of neutrophils is important for the or
ganism with neutropenia. In order to per
form phagocytosis neutrophils require ac
tive oxygen forms that are produced under 
external stimulating effects on the cells [10]. 
Results of studies on the oxygen - activating 
function of neutrophils with the use of rG
CSFs are scanty and there are almost no re
ports about the effects of Granocyte [7,11, 
12]. 

The goal of our work is to analyse the effi
ciency of Granocyte G-CSF for stimulation 
of granulocytopoiesis and to determine the 
dynamics and mechanisms of changes in the 
oxygen-activating ability of neutrophils 
under the action of Granocyte G-CSF in pa
tients with ALL and relapsing of ALL during 
early neutrophil recovery. 

Material and Methods 

Neutrophils were obtained from peripheral 
blood plasma of patients and normal donors 
by centrifugation in the Ficoll-verografin 
density gradient [13]. Erythrocyte impurity 
was deleted by osmotic shock. The cell prep
arations were washed and resuspended 
twice in Earl's solution and contained more 
than 96% of neutrophils. 

The generation of AOF by neutrophils was 
investigated with luminol-dependent chem
iluminescence (LDCL) method with the use 
of a BCL-l biochemiluminometer (Belarus) 
[14]. LDCL was observed at adhesion of the 
cells to the bottom of a cylindrical glass cu
vette with the diameter 4 cm. It was analysed 
after addition of 30 f1l of latex (Factory of 
Bacterial Preparations, Kaunas, Lithuania), 
50 flg/ml of phytohemagglutinin (PHA) 
(Sigma, USA) and 25 flg/ml of arachidonic 
acid (Sigma, USA). The concentration of 
neutrophils was 1.6 X 106 celllmI. Measure
ments were carried out in Earl's solution 
(pH = 7.4) at 200°C, The luminol concentra
tion was 1.25 X 10-5 mollI. 

Myeloperoxidase (MP) activity of cells 
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was studied by chemiluminescence method 
in system: luminol-hydrogen peroxide-neu
trophils. The concentration of luminol was 
1.25 X 10-5 molll and the concentration of 
hydrogen peroxide was 2 X 10-5 mollI. Be
fore investigation, neutrophils were de
stroyed in three cycles of freezing and melt
ing of cell suspension. 

The results of this study were assessed 
with the Student's test. 

We have examined 7 patients with ALL 
and 6 patients with ALL relapse who sur
vived after chemotherapy in febrile neutro
penia condition. Granocyte G-CSF (Chugai
Rhone-Poelenc, Antony, France) was daily 
injected subcutaneously in a dose of 5 flg/kg. 
Injections of G-CSF were administered with 
levels of leukocytes < 1 X 109/1 and neu
trophils < 0.5 X 109/1 in blood and it the 
patients' temperature exceeded 38.0 0c, The 
reason for stopping G-CSF was normalisa
tion of the patients' condition and a peri
pheral blood count of leukocytes, 2 X 109/1 
and neutrophils, 0.5 X 109/1. The control 
group consisted of 10 normal donors at the 
average age of 12 years. All the patients 
were hospitalised and treated in the Belaru
sian Children's Oncohematological Centre 
(Minsk, Belarus). 

Results and Discussion 

It is known that neutrophils of normal do
nors generate AOF at adhesion to glass and 
under the influence of a number of phagocy
tosis-stimulating factors [9, 15]. Typical ki
netic curves of induced AOF production in 
neutrophils of normal donors are shown in 
Fig. lA. It is evident that for a normal donor 
the dependence of LDCL intensity on time is 
a complicated two-staged process of cell ad
hesion to glass (curve 1). 

Addition to the cell suspension of latex 
particles as a phagocytosis inductor or PHA 
as a receptor-mediated endocytosis induc
tor or arachidonic acid stimulating the 
mechanism of glucose-independent activa
tion of plasma membrane redox systems re
sults in an increase in the yield of AOF for
mation (curves 2,3,4). This process is most 
pronounced following the addition of arach
idonic acid and latex. 
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Fig.l. Typical kinetic curves of neutrophils LDCL intensity of normal donor (A) and of a patient with ALL (B) 
at adhesion of the cells to glass (J), at the action of latex (2), PHA (3) and arachidonic acid (4) 

The kinetic curves of the LDCL intensity of a 
patient with ALL after an intensive chemo
therapy course that resulted in neutropenia 
are shown in Fig. 1 B. 

Comparison of the curves in Fig. 1 (A and 
B) shows differences in AOF generation by 
the cells in the patients and normal donors. 
For example, for the sick children, the sec
ond stage of AOF formation is less expressed 
in the kinetic curves of the LDCL intensity at 
contact of the cells with the glass surface. 
The total yield of AOF induced by adhesion 
was lower for the patients than it was for the 
normal donors, which might be due to dis
turbances of the mechanisms of involve
ment of the myeloperoxidase system, local-

ised in azurophylic granules of neutrophils, 
in the processes of AOF generation [16]. 

In the case of latex particles a low LDCL 
intensity was observed for cells of the pa
tients with neutropenia in comparison with 
the normal donors. It is known that with ad
dition of latex AOF generation indicates the 
level of the phagocytic activity of neutro
phils [17]. The present data suggest that the 
functional activity of neutrophils is signifi
cantly reduced in the sick children with neu
tropenia. 

It is known that AOF formation in neu
trophils occurs in two ways: with and with
out participation of glucose [18]. It is shown 
that arachidonic acid stimulates the glucose-
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independent mechanism of oxygen activa
tion in cells [16]. As can be seen in Fig. lA, 
the intensity of arachidonic acid-induced 
LDCL is much lower in the patients in com
parison with the normal donors. Decrease in 
the functional activity of neutrophils is 
probably caused by inhibition of both glu
cose-dependent and glucose-independent 
mechanisms of AOF generation after chem
otherapy on the background of agranulocy
tosis. 

It should be noted that under the action of 
arachidonic acid the AOF yield is much 
higher in some patients in comparison with 
the normal donors. Further studies are nec
essary to find the reason for this phenome
non. 

The effect of G-CSF on the change in the 
total AOF yield under stimulation of neu
trophils and the leukopoiesis process for pa
tients with ALL (primary and relapse) is 
shown in Figs. 2-4. In the examples shown in 
the figures, the therapy with the use of G
CSF is accompanied by an increase in the 
number of blood leukocytes, which is 
caused by stimulation of myelopoiesis. In 
two of the three presented examples, en
hancement of the functional activity of neu
trophils determined from AOF formation 
under the action of latex particles and PHA 
on neutrophils is observed simultaneously 
with restoration of granulocytopoiesis 
(Figs. 2, 3). However, after cancellation of G
CSF injections, the functional activity of 
neutrophils decreases with a simultaneous 
increase in their blood concentration. 

Results presented in Figs. 2 and 3 are typi
cal of 4 of 7 cases of primary ALL and of 3 of 
6 cases of ALL relapse. A constant level or re
duction of the oxygen - activating ability of 
neutrophils was observed in the other pa
tients (an example is shown in Fig. 4). It 
should be emphasised that heavy complica
tions are characteristic of this group of pa
tients (abscesses of brain, liver, spleen, nec
rotising ulcerative stomatitis, necrotising 
glossitis) on the background of staphylococ
cus and pseudomonas sepsis. 

We have found earlier that during Grano
cyte G-CSF treatment of patients with non
Hodgkin's lymphomas (NHL) and neuro
blastomas (NB), leukopoiesis and AOF gen
eration continued to be enhanced even after 
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Fig.2. The effect of G-CSF on the change of the LDCL 
total intensity of neutrophils (A) and on the number 
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the patient with primary ALL. ttime after beginning 
of the treatment with the use of G-CSF; 0 LDCL in
tensity at adhesion of the cells to glass; * LDCL in
tensity at the action oflatex; 0 LDCL intensity at the 
action of PHA 

cancellation of G-CSF injections [12]. It is 
known that unlike NHL and NB, in the case 
of ALL the hemopoiesis mechanisms are dis
turbed at the cellular level [19]. These distur
bances are accompanied by changes in the 
production of some cytokines (for example, 
interleukines) and in transduction of the ac
tivating signal during cell growth and diffe
rentiation [20]. It can be also suggested that 
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Fig.4. The effect of G-CSF on the change of the LDCL 
total intensity of neutrophils (A) and on the number 
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the patient with primary ALL. t time after a begin
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unlike NHL and NB, during ALL therapy the 
granulocyte colony-stimulating factor is a 
necessary, but not a sufficient mean for res
toration of functional parameters of neu
trophils. 

In Fig. 5 one can see a plot of the total in
tensity LDCL over time for normal donors. It 
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can be seen that the level of AOF induced 
formation in neutrophils remains constant 
for 14 days. There results demonstrate that 
the change in the oxygen-activating func
tion of neutrophils in the patients with ALL 
is induced by the use of Granocyte G-CSF 
during treatment and is independent of the 
individual factors. 

As was already noted, children with ALL 
are characterised by a decreased AOF yield 
at adhesion of cells to glass in the second 
stage of the kinetic curve (Fig. IB), which is 
ascribed to the intracellular myeloperoxi
dase system. It can be suggested that either 
the MP activity of neutrophils decreases, or 
the redox systems localised in plasma mem
brane and inside the cell changes in the di
seases studied. In Fig. 6 one can see MP ac
tivities of neutrophils measured in normal 
donors and patients with neutropenia be
fore administration of the factor and after its 
cancellation. As can be seen from Fig. 6, in all 
the patients examined in this study, the MP 
activity of neutrophils is much lower in 
comparison with the normal donors. The in
creased functional activity of neutrophils 
determined from their ability to generate 
AOF upon administration of Granocyte G
CSF is not accompanied by increase in the 
MP activity of neutrophils. These data indi
cate that Granocyte G-CSF affects the activ
ity of redox systems localised in the plasma 
membranes but not inside the cells. 

Thus, the following conclusion can be 
drawn from the present results: in patients 
with primary ALL and ALL relapse with 
neutropenia, the functional activity of neu
trophils is much lower in comparison with 
normal donors, which is confirmed by low 
levels of AOF generation and myeloperoxi
dase activity of cells. Administration of 
Granocyte G-CSF stimulates leukopoiesis in 
all the observed patients with ALL. In about 
50% of all cases of primary ALL and relaps
ing ALL, injection of the factor results in 
substantial increase in the oxygen-activat
ing ability of neutrophils, which is indicative 
of an increase in the functional activity of 
these cells. In the other cases the production 
of AOF by blood neutrophils either re
mained unchanged or decreased. After ces
sation of G-CSF injection, leukopoiesis re
tarded and the ability of neutrophils to gen-
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erate AOF decreased in all the patients ex
amined. It is suggested that Granocyte G
CSF is a necessary but not a sufficient means 
for restoration of the neutrophils functional 
activity. In the patients' organisms subjected 
to the action of Granocyte G-CSF, unlike the 
oxygen-activating ability of neutrophils, the 
MP activity is not normalised, which testi
fies to the modifying effect of the factor on 
the activity of membrane but not intracellu
lar redox systems. 
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Lineage-Tropism of Murine Leukemia Virus Enhancer Activity within the 
Hematopoietic System 

C. BAUM and W. OSTERTAG 

Abstract. Tissue-tropism and pathogenicity 
of murine leukemia retroviruses are strong
ly influenced by the enhancer assembly lo
cated in the U3-region of the long terminal 
repeat. The polycythemic strain of the mu
rine spleen focus-forming virus (SFFVp) is 
an acutely transforming retrovirus inducing 
a bistage erythroleukemia in adult mice. The 
disease specificity results from the exclusive 
activity of the env-encoded glycoprotein 
gp55 which stimulates the cellular receptor 
for erythropoietin. In contrast to gp55, the 
enhancer of SFFVp is widely active within 
the hematopoietic system, including early 
and late myeloid progenitor cells, rendering 
it a powerful tool for the design of retroviral 
gene transfer vectors targeting hemato
poietic progenitor and stem cells. We 
mapped four crucial elements responsible 
for the high and wide activity of the SFFVp
enhancer. These are the altered upstream 
control region, the conserved LVb-box, the 
unique enhancer core, and the E-box over
lapping with the distal glucocorticoid-re
sponsive element of the enhancer. These 
motifs are targets for the ubiquitous tran
scriptional activator Sp 1, Ets-proteins, Poly
oma enhancer binding proteins/core bind
ing factors (PEBP/CBF), and basic helix
loop-helix factors, respectively. Stage and 
lineage-dependent variations of the enhanc
er activity are presumably highly influenced 
by the differential developmental distribu
tion and activation of individual members 

of these complex transcription factor fami
lies. Systematically dissecting retroviral en
hancer function thus represents a promising 
system to deepen our knowledge ofhemato
poietic transcriptional regulation. Further
more, it might result in the definition of 
gene-transfer vectors that create a more pre
dictable tropism of trans gene expression in 
defined developmental stages or lineages. 

Introduction 

Murine leukemia viruses (MLV) belong to 
the family of simple C-type retroviruses. 
Replication-competent members encode 
the trans-acting genes gag-pol and envnec
essary for virus replication. When injected 
into newborn mice of permissive strains, 
these viruses exhibit a slowly transforming 
potential in hematopoietic progenitor cells. 
Disease induction occurs after a relatively 
long latent phase, characterised by progres
sive replication in susceptible cells. The host 
range is mainly influenced by the interaction 
of the viral env-protein with developmental
ly restricted cellular receptors as well as by 
the transcriptional potency of the retroviral 
cis-acting elements residing in the long ter
minal repeat (LTR) and leader-sequences. 
Leukemias usually develop on basis of hy
perproliferative disorders and involve acti
vation of cellular oncogenes by retroviral in
sertional mutagenesis [1]. 

Heinrich-Pette-Institute for Experimental Virology and Immunology, Martinistr. 52, D-20251 Hamburg, 
Germany 
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Some replication defective strains ofMLV 
have been isolated carrying activated onco
genes substituting gag-pol or en v-reading 
frames. When propagated by replication
competent MLV, these acutely transforming 
variants induce polyclonalleukemias or sar
comas within a few weeks. In most cases, the 
acutely transforming oncogene acts domi
nantly over the cis-active elements of the ret
rovirus in defining the disease specificity. 
This indicates that the retroviral oncogenes 
require a developmentally defined cellular 
context to exert their pathogenic functions. 
An example is the polycythemic strain of the 
spleen focus-forming virus, SFFVp, which 
transforms erythroid precursor cells. SFFV p 
encodes the truncated env-protein gp55 able 
to stimulate the cellular receptor for eryth
ropoietin, preferentially resulting in prolife
ration rather than differentiation of target 
cells [2]. In this case, the enhancer in the LTR 
contributes only to the disease kinetics, but 
not to its specificity [2]. Similar observa
tions have been made with other acutely 
transforming MLV [3]. However, at least two 
cases have been described where the en
hancer sequences influence the tissue speci
ficity of acutely transforming MLV. Firstly, 
the myeloproliferative sarcoma virus 
(MPSV) carrying the v-mos oncogene gains 
transforming potential in early myeloid cells 
by virtue of enhancer-alterations [4]. Sec
ondly, the preferential transformation of 
macrophage progenitors by the malignant 
histiocytosis sarcoma virus (MHSV) trans
ducing the ras-oncogene is strongly influ
enced by the retroviral enhancer [5], which 
is highly related to thatofSFFVp [6].In these 
cases, the transferred oncogenes presum
ably are more pleiotropic in their transform
ing ability in vivo. Then, the levels of replica
tion and oncogene-expression determined 
by the LTR-enhancer can contribute to the 
disease specificity, which generally reflects 
the most permissive (but not the only) tissue 
affected. 

When the coding sequences of MLV are 
replaced with cDNAs encoding diagnostic, 
protective or corrective entities, replication
incompetent vectors result which are widely 
used in experimental hematology and gene 
therapy [7]. MLV-based vectors are pro
duced in safety-modified packaging cell 
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lines releasing replication-incompetent ret
roviral particles. These particles maintain 
their ability to stably insert the genetic infor
mation of the vector in dividing target cells. 
As in the case of their leukemogenic ances
tors, the phenotypical consequences of the 
genetic transduction are a function of the 
expression level and the activity of the en
coded entities in the relevant target cell. 
Striking evidence for the enhancer-depen
dence of the vector-conferred phenotype 
was achieved upon transfer and expression 
of the human multidrug-resistance 1 eDNA, 
encoding a membrane-located drug efflux 
pump mediating resistance against a variety 
of commonly used anticancer drugs [6-8]. 
Therefore, both the enhancer and the trans
ferred coding sequences are to be consid
ered when employing retroviral vectors in 
experimental or therapeutic approaches. 

On the basis of genetic observations 
made with slowly or acutely transforming 
MLV in mice, we have attempted to improve 
the transcriptional potency of MLV-based 
vectors in early hematopoietic cells and 
their progeny [6,9]. In the absence of a de
fined in vitro-assay system for hemato
poietic stem cells, overall enhancer activ
ities of different strains of MLV were ana
lysed in primary human in vitro clonogenic 
hematopoietic cells, human and murine cell 
lines representing distinct stages of hemat
opoiesis, as well as in embryonic stem (ES) 
cells, presumably sharing some transcrip
tional properties with pluripotent, yet un
committed HSC [6-11]. We observed that 
the enhancers of SFFV p and MHSV, both re
lated to the family of Friend mink cell focus
forming (FMCF) MLV, are powerful tools for 
the design of gene transfer vectors mediat
ing high expression levels in myelo-eryth
roid progenitor and stem cells (6-8). Defin
ing the molecular basis for the activity of 
these FMCF-type enhancers would be ex
pected to contribute to our understanding 
of transcriptional control in the hemato
poietic system. Furthermore, it might en
able to design novel enhancers exhibiting 
further improved activity in distinct hemat-
0poietic stages or lineages. As indicator 
systems for these studies, we employed con
ventional reporter genes like clorampheni
col transferase (CAT),luciferease Ouc) or~-



galactosidase (lacZ) as well as dominant se
lectable markers like the neomycin resis
tance gene or "cancer drug resistance" genes 
[6-13]. 

Material and Methods 

Cell Lines, Plasm ids, and Transfections 

Cell lines used in the assays described in this 
report were: CCE, murine ES cell line; FDCP
mix ISS, non-leukemic, multipotent myelo
erythroid progenitor cells of murine origin; 
WEHI-3B, murine macrophage progenitor 
cell line; FDCP-l, murine myeloid progeni
tor cell line; F4-12-B2, murine erythroleuke
mia and Friend cell line; KS62, human eryth
roleukemia cell line; CTLL-2; murine cyto
toxic T-cell line. Culture conditions have 
been described [6, 10, 11]. 

CAT-vectors have been described [12]. 
Luc-vectors are based on SF-Iuc [13]; in MP
luc and PC-Iuc, the enhancer/promoter was 
derived from MPSV and its derivative 
PCMV, respectively. 

Transfections were performed using an 
efficient electroporation protocol [14]. 

Reporter Gene Assays 

These were performed as described [6], us
ing the CAT-Elisa (Boehringer Mannheim) 
to detect CAT-protein, the luciferase report
er gene assay system (Boehringer Mann
heim) to detect luc-activity, and the ONPG
assay to detect cotransfected [3-galactosi
dase activity in cell extracts harvested 24-36 
hours after electroporation in the presence 
of 10 flg/assay CAT-plasmid or luc-plasmid 
plus 10 flg/assaypCMV[3 (Stratagene). 

Results 

The Enhancer of SFFVp Is Strongly Active in Diverse 
Hematopoietic Progenitor and Embryonic Stem Cells 

Previous work of our group has shown that 
SFFVp contains the most potent retroviral 
enhancer known so far for gene expression 
in hematopoietic progenitor cells [6-8]. 

10 
.SF-Iuc 

8 
Luc-

oMP-luc 

activity 6 .PC-Iuc 

(xMP- 4 
luc) 

2 

0 
K562 FDCP-1 FDCP- CXE 

mix 

Fig.1. The enhancer of SFFVp is strongly active in 
hematopoietic progenitor and in ES cells. Cells were 
transiently transfected with luciferase (luc) reporter 
plasmids as described in Material and Methods. In 
SF-Iuc, MP-Iuc, and PC-Iuc, the luc-gene is under 
control of the enhancer/promoter of SFFVp, MPSV, 
and PCMV, respectively. Luc-activity was deter
mined 24-36 h after transfection by electroporation 
and corrected for cotransfected (3-galactosidase ac
tivity. Data were normalised with respect to the lev
els achieved with MP-Iuc. Standard deviations were 
below 20% 

When compared with the enhancers of 
MPSV or the MPSV-related PCMV, previ
ously considered to be the strongest enhanc
ers for gene expression in early hemato
poietic cells [9, 15], the SFFVp enhancer is 
up to one order of magnitude more active. 
This is examplified by the experiments 
shown in Fig.!. The expression levels ob
tained in transient transfection of hemato
poietic cells correlate well with the relative 
expression levels of retroviral vectors after 
stable transduction using various indicator 
systems ([6,8,13] and unpublished data). 

Strikingly, the SFFVp-enhancer was also 
found to be of high activity in transiently 
transfected ES cells CCE, correlating with an 
elevated relative transduction frequency as 
determined with transfer of the neomycin 
resistance gene (Fig.l, and data not shown). 
However, the gene expression levels 
achieved in primitive ES cells were up to two 
orders of magnitude reduced when com
pared with more mature hematopoietic pro
genitor cells (as determined by Northern 
Blot analysis and quantification of reporter 
protein expression levels after stable retrovi
ral transduction, data not shown). To better 
understand the molecular basis for this phe
nomenon, we initiated a molecular analysis 
of the SFFV p-enhancer [12 J. 
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Four Intriguing Features ofthe SFFVp-Enhancer 

The analysis of the individual cis-acting ele
ments responsible for the strong activity of 
the SFFV p enhancer was based on a se
quence alignment with the related Friend
MLV (F-MLV), the more lymphotropic Mol
oney-MLV (Mo-MLV),andMPSV [12, 13].At 
least four intriguing features of the SFFVp 
enhancer were noted (Fig. 2). 

Firstly, the upstream control region 
(UCR) located at the 5 basis of the retroviral 
enhancer contains two highly conserved 
point mutations creating a GC-box resem
bling a binding-site for the ubiquitous tran
scription factor,Spl [12] (Fig. 3). In contrast, 
the UCR of Mo-MLV and F-MLV contains 
the consensus for a transcriptional repres
sor of LTR-activity expressed in primitive 
embryonic cells and known as ELP [16] . 

Secondly, compared with Mo-MLV, only 
one out of seven putative recognition sites 
for Ets-proteins is conserved [12]. This is the 
LVb-site, located immediately upstream of 
the enhancer core, and already known to in
timately cooperate with the enhancer core in 
defining the tissue-tropism of replication
competent MLV [18,19] . 

Thirdly, the enhancer core itself reveals 
two point mutations, seemingly diagnostic 

for FMCF-type enhancers. Compared with 
Mo-MLV,MPSV and F-MLV, which fulfill the 
consensus of both Polyoma enhancer bind
ing protein/core binding factor (PEBP/CBF) 
and CAAT/enhancer binding protein 
(C/EBP) in the enhancer core, a pyrimidine
switch is found at position 3 of the core, 
while a purine-switch is noted at position 7. 
The pyrimidine-switch is indicative for in
creased affinity to PEBP/CBF, whereas the 
purine-switch suggests exclusion of C/EBP 
[12] (Fig.4). 

Last but not least, the E-box overlapping 
with the distal glucocorticoid-responsive 
element [22] is the only putative target for 
bHLH-factors shared with Mo-MLV and 
MPSV. 

Functional Significance ofThese Four Elements 

Using electrophoretic mobility shift and 
transient transfection assays, we identified 
transactivators potentially targeting the al
tered recognition sites found in the UCR and 
enhancer core [12]. As already suggested 
from the sequence, Sp 1 was able to bind to 
the UCR of SFFVp, but not to the corre
sponding sequence of F-MLV or Mo-MLV. 
Binding of Sp 1 correlated with increased ac-

• LTR • 

~.~ ________ ~U=3 __________ ~. R US 

Enhancer I pro-I motar 

UCR 

I~xli l FVa I\LVb/]@Ore I FVb2 IIE-bovIEJ Ets PEBR. bHLH C Sp 1 L...-____ ---' 

TCAAGGTCA 
KGGGCGGRRY 

TCAAGGTCAGGTA 

ELP 
Spl 

F-MLV, Mo-MLV 

Fig. 2. Simplified representa
tion of the central enhancer 
region of SFFV p. The order of 
the hitherto described con
trol elements is shown in the 
5' to 3' orientation. For abbre
viations of binding sites, refer 
to the text 

------G-G---- SFFVP, MHSV, FMCF FrNx, FMCF pFMS48 
Fig. 3. Sequence alignment of the UCR of various MLV (adapted from [17]) . Dashes indicate homology to 
F-MLV and Mo-MLV. Consensus sequences for ELP and Spl are aligned above the MLV-sequences 
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TGYGGTN 
TGYGGTY 

KNNGNAAK 

CORE (ref. 21) 
PEBP/CBF 
C/EBP 

TGTGGTAAG 
--C---G--

F-MLV, Mo-MLV, MPSV 
SFFVP, MHSV, FMCF1 

Fig.4.Sequence alignment of the enhancer core of various MLV (adapted from [12]). Dashes indicate homol
ogy to F-MLV and Mo-MLV. Consensus sequences for PEBP/CBF and C/EBP are aligned above the MLV-se
quences 

Tablel. UCR and enhancer core govern the activity of the SFFVp-U3 

Construct Enhancermotif Activity in cell line 

UCR core CCE FDCP-mix WEHI-3B F4-12-B2 CTLL-2 

SSS-CAT SFFVp SFFVp 1.0 1.0 1.0 1.0 1.0 
SSF-CAT SFFVp F-MLV 0.8 0.8 0.8 0.7 0.7 
FFS-CAT F-MLV SFFVp 0.3 0.5 0.7 0.4 0.5 
FFF-CAT F-MLV F-MLV 0.3 0.4 0.6 0.4 0.4 

CAT-values obtained after transient transfection of the reporter constructs indicated. The activity of con
struct SSS-CAT in each cell line is set as 1. These constructs contain the complete retroviral enhancer/pro
moter of SFFVp. Enhancer-motifs in the UCR and core-region were mutated to the situation found in F-MLV 
using site directed mutagenesis and conventional cloning techniques [12]. Mean values of repetitive experi
ments, standard deviations were below 20%. Data inferred from [12], with the exception of CTLL-2. 

tivity of the SFFVp-type UCR-motif in 
transfection assays. It was found that the 
UCR dominates gene expression in ES cells. 
Moreover, in combination with the altered 
enhancer core, it accounted for up to half of 
the transcriptional activity in hematopoietic 
progenitor cells. Strikingly, the transcrip
tional dominance of these alterations was 
observed in a rather lineage-independent 
manner (Table 1). As far as the ubiquitously 
expressed Sp 1 was concerned, this was not a 
big surprise. However, the gain of activity 
obtained with the SFFVp-type enhancer 
core indicated that the transactivators tar
geting this sequence would also be widely 
spread. As already predicted from the se
quence alignment (Fig. 4), electrophoretic 
mobility shift and transfection assays re
vealed that the SFFV p enhancer core repre
sents an exclusive and high-affinity target 
for PEBP/CBF, a transcription factor family 
clearly involved in myeloid and lymphoid 
differentiation processes [23,24]. In contrast 
to Spl, PEBP/CBF was found to be subject to 
stage-and lineage dependent posttranscrip
tional modifications [12, 25]. Interestingly, 
PEBP/CBF was not detected at significant 
levels in ES cells. Still, we consistently ob-

served that the SFFVp-type enhancer core 
was needed to obtain the full activity of the 
retroviral enhancer in ES cells. One explana
tion for this phenomenon was the exclusion 
of inhibitory factors. Indeed, we observed 
that the core-motif of SFFVp, in contrast to 
that of Mo-MLV, F-MLV or MPSV was unable 
to bind C/EBP [12], a member of the bZIP
family of transcription factors [23, 24]. 
C/EBP was not only detected in all hemato
poietic cells analysed, but also in ES cells 
[12]. Thus, at least in primitive, undifferen
tiated cells some circumstantial evidence 
suggested that yet undefined C/EBP family 
members might represent potential inhibi
tors of MLV -enhancer activity. 

In lymphotropic MLV, the conserved LVb
site and E-box have been shown to be targets 
for Ets-factors and bHLH-proteins, respec
tively [19, 22]. A point mutation introduced 
into the LVb-site and destroying the Ets
consensus also significantly reduced 
SFFVp-enhancer activity in myeloid and ES 
cells ([12] and data not shown).PEBP/CBF is 
known to depend on cooperation with Ets
factors for transactivation of viral and cellu
lar promoters [19,23,24]. By cotransfecting 
the PEBPaBI cDNA (the mouse homolog of 
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the oncogene AMLl) and the Ets-factor Fli-I 
(often found activated in MLV-induced 
erythroid and myeloid leukemias, [1] in ES 
cells, it became evident that this cooperation 
required intact recognition sites in the core 
and LVb-site of the SFFVp-enhancer. Fur
thermore, the cooperation of PEBP /CBF and 
Fli-I was clearly stimulated in presence of 
the VCR-located Spi-site [12]. 

Finally, more recent data revealed that de
stroying the single E-box found in the 
3'vicinity of the enhancer core significantly 
reduced activity of the SFFVp-enhancer in 
multipotent FDCP-mix cells (A. Richters and 
C.B., unpublished data), similar as previous
ly reported in K562 cells with the homolo
gous site of the more lymphotropic MLV 
strain, AKV [22]. In AKV, this E-box is acti
vated by the bHLH-factor ALFI or E2A,pre
dominantly found in lymphoid cells [22]. 
The corresponding activators recruited in 
more primitive myelo-erythroid cells and 
putative interactions with the trias of SpI, 
Ets-factors, and PEBP/CBF remain to be de
fined. Similarly, the identity of the Friend 
leukemia virus factors a, b, and c (FVa, FVb2, 
and FVc, [26]) remains as yet unclear. It is 
quite likely that these factors contribute to 
the developmental regulation of the SFFV p
enhancer. 

Discussion 

SFFVp contains the most potent retroviral 
enhancer configuration known so far for 
gene expression in myelo-erythroid progen
itor cells, and possibly also in ES cells. As 
outlined above, at least four crucial cis-act
ing elements of this enhancer have been 
identified thus far that dominate the SFFVp
enhancer both in primitive and more ma
ture stages of hematopoiesis. These are the 
GC-box in the VCR creating a target for SpI, 
the conserved Ets-site LVb intimately coop
erating with the enhancer core, the enhancer 
core itself which is modified by two point 
mutations to represent an exclusive and 
high-affinity target for PEBP/CBF, and final
ly, a conserved E-box consensus for bHLH
factors. Cotransfection experiments in ES 
cells revealed that transactivation mediated 
by the interaction of PEBP/CBF with Ets-
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proteins is supported by the Sp I-site in the 
VCR. Putative mutual interactions of this 
trias with bHLH-factors are likely, but re
main to be defined. 

It must be noted that at this stage we are 
just beginning to define target sites for com
plex transcription factor families. This is ex
amplified by the observation that PEBP /CBF 
detected in vitro with the enhancer core of 
SFFVp exhibits striking lineage-dependent 
variations in its expression pattern [12]. The 
DNA-binding a-subunit of PEBP/CBF is en
coded by at least three distinct genes whose 
expression and - presumably - function is 
regulated both at transcriptional and post
transcriptional levels. Likewise, Ets-proteins 
[29] and bHLH-proteins ([22] and refs. 
therein) comprise highly complex groups of 
structurally related, yet functionally distinct 
factors. Importantly, in most transcription 
factor families, including the Sp-family, neg
ative regulators have also been discovered 
[28,29]. Thus, defining the concrete actors 
contributing to the developmental control of 
retroviral enhancers still remains an impor
tant challenge. 

Several observations indeed reveal that 
the SFFVp-enhancer is subject to develop
mentally regulated transcriptional controls. 
Thus, the SFFVp-enhancer is not as active as 
that of Mo-MLV or MPSV in lymphoid cells 
[6], which might be explained by the loss of 
Ets-binding sites and E-boxes. Moreover, 
while highest activities are observed in ac
tively proliferating, developmentally com
mitted progenitors and precursors of mye
loid and erythroid lineages, the enhancer is 
seemingly sub optimally recruited in more 
primitive multipotent hematopoietic pro
genitor and stem cells [13,27],and definitely 
up to two orders of magnitude less active in 
embryonic stem cells (C.B. and M. Hildinger, 
unpublished data). A fairly simple explana
tion for the stage-dependence of enhancer 
activity would be the sequential activation 
of crucial transcription factors during 
lineage-commitment and maturation. 
PEBP/CBF, for instance, is absent or ex
tremely weakly expressed in undifferentiat
ed ES cells, but readily activated upon ES cell 
differentiation. Although nothing is known 
about its regulation at the level of the hemat-
0poietic stem cell, from our studies in cell 



lines we hypothesize that it is already ex
pressed at very primitive stages of hemato
poiesis, i.e., in lineage-negative pluripotent 
cells (C.B. and K. Itoh, unpublished data). 
Still, its function might be modulated by 
posttranscriptional modifications and inti
mate interactions with other transcription 
factors, including various Ets-proteins. Ob
viously, lineage-dependent activities of 
transcription factors are not only defined by 
their expression pattern, but also by their 
interaction capacities. 

Important and, in the context of MLV-en
hancers, widely neglected regulating events 
might be exerted by the proliferative status 
of the host cell. Cell cycle-dependent activa
tion and repression of retroviral enhancers 
has been observed in avian retroviruses [30] 
and HIV-1 [31], respectively. Such regula
tions are easily overseen using standard tis
sue culture conditions. Since actively pro
liferating progenitor and precursor cells 
represent the natural habitat of MLV, it is in
deed quite likely that their enhancers are re
sponsive to growth-stimuli. Consequently, it 
can be imagined that the notoriously quies
cent status of primitive hematopoietic cells 
might weaken the strength of retroviral en
hancers. 

Bearing these caveats in mind, efforts are 
now needed to concretely define the inter
play of hematopoietic transcription factors 
on the retroviral enhancer. These studies in
volve a number of key regulators of hemato
poietic proliferation and differentiation 
processes which are frequently affected by 
translocations contributing to leukemic 
progression [23,24]. Therefore, the study of 
transcriptional control of MLV-enhancers 
will not only aid in designing further im
proved gene transfer vectors (e.g., for stem 
cell protection in cancer-chemotherapy or 
correction of hematopoietic metabolic dis
orders), but also contribute to our under
standing of developmental controls within 
the hematopoietic system. 
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Abstract. Gene therapy following gene trans
fer into hematopoietic cells (CD34+) is now 
being investigated for several genetic disor
ders. We have applied a similar approach us
ing interferon gene transfer for treatment of 
chronic myelogenous leukemia (CML). IFN
u produces a hematologic and cytogenetic 
response in CML with a survival advantage 
for cytogenetic responders. Therefore, we 
examined the effect of transient overexpres
sion of IFN -u using the adenovirus gene 
transfer approach. The ability of the adeno
virus (Adv)-IFN-u gene construct to trans
fect normal and CML stem cells, CD34+, was 
examined. The peripheral blood mononu
clear fraction from patients with CML treat
ed with G-CSF or GM-CSF/G-CSF was en
riched in CD34+ cells. Adv-cytomegalovirus 
(pCMV) promoter driven IFN -u at multiple 
doses was assessed to transfect highly puri
fied CD34+ cells in the presence of matrix 
protein and in co-cultures with the stromal 
adherent cell layer. The use of cytokines en
hances Adv-mediated IFN-u gene transfer 
into stem cells. Southern blot analysis dem
onstrated that the Adv-pCMV-IFN-u con
struct and IFN -u were expressed in cultured 
CD34+ cells. Transient expression of the 
IFN -u gene did not suppress proliferation of 
CD34+ progenitors, CFU-Meg, BFU-E or 
CFU-CM growth. Reverse transcrip
tase/polymerase chain reaction (RT/PCR) 
analysis of RNA from CFU -GM progenitor 
cells demonstrated transient IFN-u mRNA 
expression in CD34+ cells. Immunoassay of 

IFN -u shows that selective expression of 
IFN-u may be beneficial for CML therapy. 
We also report on the establishment of novel 
conditions which permit high efficiency of 
the retrovirus IFN -u gene transfer into 
CD34+ cells. Stem cells transfected with ret
rovirus were infused intravenously to irradi
ated mice and spleen colony forming units 
were evaluated for IFN-u marked clones by 
Southern blot analysis. These studies dem
onstrate that the retrovirus IFN-u gene can 
be used to transfect CD34+ cells and pos
sibly for gene therapy of CML. 

Introduction 

IFN have become important anti-prolifera
tive agents used in cancer therapy. Several 
clinical trials have demonstrated that ad
ministration of IFN-u can be an effective 
treatment for CML in chronic phases. In 
those trials, cytogenetic remission can be in
duced and long-term survival improved 
compared with other standard therapies 
[12].Anumber of in vitro effects ofIFN-u on 
CML cells have been reported, such as direct 
inhibition of CML BM progenitor growth 
[l3-14] and restoration of the adherence to 
stroma [15-17]. In addition, it has been 
found that IFN -u regulates the paracrine re
lease of growth factors from the stroma by 
inhibiting the production of stimulating cy
tokines such as GM -CSF, G-CSF, IL-l b as well 
as by increasing the production of inhibiting 
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cytokines [17-19]. It is thought that inhibito
ry cytokines and cellular immune surveil
lance play an important role in the control of 
expansion of the leukemic clone in CML. 

Recently, this laboratory has utilized ret
rovirus and adenovirus vectors as vehicles 
for gene transfer into hematopoietic stem 
cells in vitro and in vivo [31]. Furthermore, 
we have established novel conditions in 
which stromal adherence cells permit high 
efficiency of retrovirus-mediated gene 
transfer of adenosine deaminase (ADA) into 
bone marrow hematopoietic progenitor 
cells [31]. Successful transplantation of the 
genes were further documented by their ap
pearance in hematopoietic clones of cells 
from animals many months after reconstitu
tion. Over the past 6 years, investigators have 
begun to apply retroviral gene transfer tech
nology directed at hematopoietic stem cells 
in preliminary human clinical trails [32]. Re
combinant adenoviruses are the second 
most commonly used viral vector for gene 
delivery [33-34], thus minimizing the risk of 
permanently altering the cellular genotype 
or of insertional mutagenesis. Adenoviruses 
are preferentially used when the transient 
expression of a transgene is sufficient to 
achieve the therapeutic goals [35]. 

The current chapter investigates the de
velopment of gene transfer vectors and as
sess the effect of retrovirus and adenovirus
mediated IFN-a gene transfer into CD34+ 
cells on proliferation and differentiation. 
Successful gene transfer into CD34+ cells 
was monitored by Southern blot analysis 
and Northern blot analysis of genomic DNA 
and total RNA from the CD34+ cells. Adher
ent stromal cell layers will be tested to deter
mine their effect or gene transfer efficiency 
of retrovirus mediated IFN-a gene transfer. 
The results will allow us to determine the 
feasibility of developing a gene therapy pro
tocol. 

Material and Methods 

The replication-deficient adenovirus vector 
endoding IFN-a (AdCMV- IFN-a) was con
structed in our laboratory, as described pre
viously [42]. The recombinant adenoviral 
vector was constructed by homologous re-
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combination between the E3 deleted adeno
virus, dL700 1 and the plasmid containing 
the human IFN-a. The Adv-CMV-IFN-a 
plasmid was constructed as follows: Xhol
Xho 1 fragment of the human IFN-a cDNA 
deleted form the BMGNeo IFN-a plasmid 
was inserted into the hind III site of the 
pRC/CMV (invitrogen) to obtain CMV
IFN-a. The virus was replicated and encap
sidated into an infectious virus. After 5 days, 
plaque locations were marked on the plate, 
and the result in cytopathic effect to the 
monolayer was observed microscopically 
until the plaque reached an adequate size 
(usually 1 week). The plaques were purified, 
checked for the presence of human IFN-a by 
polymerase chain reaction (PCR) using 
IFN-a specific primers, and amplified by 
propagation in 293 cells. 

Bone Marrow Transfection for Retrovirus 
and Adenovirus 

For prestimulation of retrovirus mediated 
gene transfer a suspension of bone marrow 
CD 34 + cells were incubated over an adherent 
cell layer (ACL) from 4- to 6-week-old 
LTBMCs previously irradiated with 15 Gy, or 
were cultured in gelatin-treated (0.1 % solu
tion, 0.5-1 h, Sigma) T-25 flasks, for 2 days at 
37°C in 10 ml of a-MEM with 20% FBS. In 
some experiments, media was supplement
ed with rhIL-6(50-100 m/ml; Amgen, Thou
sand Oaks, CA) and rSCF (50 ng/ml; Am
gen). In all cases, cultures of producer cells 
contained the growth factors. Two different 
methods of bone marrow transfection were 
used. One approach utilizes pre stimulation 
with growth factors followed by cell transfer 
onto a culture of producer cells containing 
media conditioned by these cells supple
mented with the same concentration of 
growth factors and 4 mg/ml of polybrene; 
the second approach utilized bone marrow 
stromal cells for 2 days. Irradiated ACLs 
were reseeded with bone marrow cells, cul
tured for 2 days in the absence of growth fac
tors, and then bone marrow cells with the 
ACL were scraped from flasks, suspended in 
conditioned media obtained from producer 
cells. Growth factors were added where indi
cated, and polybrene was always included 



during incubation with producer cells. After 
2 days of infection, the hematopoietic cells 
were extensively washed from producer cells 
in both protocols, and then the washed cells 
were used for assays. 

C034+ Cell Separation Techniques 

Bone marrow samples were aspirated from 
the posterior iliac crest of normal volunteers 
after informed consent was obtained ac
cording to the guidelines established by the 
Human Investigation Committee of New 
York Medical College. Separation of CD34+ 
cells from elutriated preparations were then 
done using McAb cell pro columns (Cell Pro, 
Seattle, WA). T-cell depletion was achieved 
by incubation of CD34+ cells with Cdz and 
CD4 antibodies in the presence of DNAase. 

Human IFN-aanalysis 

The presence ofIFN-a in CD34+ cell media 
was determined using a commercially avail
able quantitative ELISA assay (Endogen 
Inc., Cambridge, MA}.After 24 h incubation, 
the culture medium was removed and cen
trifuged at 1,000 pm, 4°C to remove floating 
cells. The resultant supernatant was passed 
through a 0.22 m filter and stored at-70°e. 
Human IFN -a levels in the supernatant were 
determined by radioimmunoassays using 
anti-human IFN-a nonclonal antibodies 
following the manufacturer's instructions. 
CD34+ were placed in fresh IMDM at a con
centration of 5xl06 cell/ml and assayed for 
IFN-a after 24 hr. As shown in Table 1, condi
tion medium for non transduces CD34+ pro
duce 29 pg/ml as compared to 360 pg/ml in
dicating that human IFN -a did not affect the 
CD34+ cells. 

Southern and Northern Blot Analysis of Transfected 
C034+ and Colony Assay 

Genomic DNA was extracted from 5xl07 

CD34+ cells and digested with Ban HI, Hind 
III and Xho 1. The digested DNA was electro
phoresed on a agarose gel and transferred to 
nirocellular filters as described [49] Total 

RNA from CD34+ cells was extracted and the 
Bgi I fragment of IFN -a eDNA was labeled 
with [a32p] dCTP using a multiprimer DNA
labeling system (15). Methylcellulose tech
nique for multipotent (CFU-GEMM), mega
karyoctic (CFU-Meg) and myeloid (CFU
GM), erythroid (BFU-E) colony assays was 
performed. 

Results 

A schematic representation of the adenovi
ral vector containing the IFN-a gene is rep
resented in Fig. 1. We examined the effect of 
multiple doses of adenovirus containing 
CMV IFN-a (AdCMV- IFN-a) were used to 
transfect human CD34+ cells. 

In Vitro Expression of I FN-a cONA Assessment 
of IFN-a Protein and mRNA 

As seen in Table I,AdCMV-IFN-a caused el
evation of IFN -a protein in the condition 
medium suggesting that the IFN-a gene is 
expressed into CD34+ cells resulting in the 
release of IFN-a into the medium (4.1 
unit/mI). On the other hand,AdCMV-LACZ 
on control cells do not express significant 
levels of IFN -a., the value listed for these two 
cells represent only about 0.3 unit/ml. 

CD34+ cells were plated in Iscoves Modi
fied Medium (IMDM) at 2x106 cells well and 
incubated with AdCMV-IFN-a 5,10,50,100 
pfu/CD34+ cell 5% CO2 and then washed and 
used for assessment of mRNA and clonal ef
ficiency. IFN-a mRNA was measured by 
RT/PCR in CD34+ cells and/or CFU-GM 
clones. 

To evaluate the effect of AdCMV-IFN-a 
on CFU-GM growth we compared the num
ber of CFU-GM clones in infected and non
infected cells. Results in Fig. 2 shows that 
there was no significant difference in CFU
GM growth of infected vs control cells for 
any of the exposure times. Although colony 
numbers were slightly less for the 24 h cell 
groups as compared with 4 or 8 h, maximal 
gene transfer occurred with the 24 h expo
sure cells. Similar results were obtained for 
BFU-E and CFU-Meg growth (data not 
shown). We estimated that the gene transfer 
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Fig.1. A schematic diagram of the adenoviral vector containing the IFN-a gene 

Table 1. Secretion ofIFN-a by Ad CMV- IFN-a transduced human C034+ cells 

Condition 

Control C034+ 
Transduced C034+ AdCMV- IFN-a 
Transduced C034+ AdCMV-LACZ 

Unit/ml 

0.3±0.1 
4.1 ± 0.6 
0.3+0.1 

Concentration of released IFN -a in U/I06 cell124 h 

% Paritive cells 

19 
18 

Value below assay sensitivity limit were recorded as <0.3 m/control C034+ cells124 h 
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Fig. 2 A, B. A Expression of 
IFN-C\' in C034+ cells expo
sed to different multiplici
ties of infection (MOl) or 
plaque forming units (pfu) 
B CFU-GM growth by 
C034+ cells exposed to dif
ferentMOl 
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Fig. 3. IFN-a expression in 
CD34+ cells exposed to ad
herent stromal cells for dif
ferent time periods of pre-
stimulation a b 

Fig.4. CFU-GM growth by CD34+ cells exposed to AdCMV for different exposure time periods 

efficiency into CD34+ cells was 27-30%. Re
striction endonuclease analysis of DNA ex
tracted from CFU-GM clones in CD34+ 
transfected cells with AdCMV-IFN-a gene 
was performed. Results are depicted in Fig. 3 
where lane 1, represents CD34+ cells after 
24 h transfection; lane 2 are CFU-GM after 
12 days; lane 3 is a positive control; lane 4 
CD34+ not transfected and lane 5 DNA 
marker. It can be seen that the DNA patterns 
are similar in lanes 1,2 and 3, indicating ade
quate transfer to CD34+ cells and its pres
ence in representative colonies (CFU-GM) 
derived from the CD34+ cells. 

Southern blot analysis of PCR product 
obtained from total RNA isolated from 
CD34+ cells (and colonies) transfected with 
AdCMV-IFN-a gene were done. Results are 
represented in Figure 4 and show that trans
fected CD34+ cells (lane 2) and clones of 
CFU-GM (lanes 3,4) and BFU-E (lanes 5,6) 
(grown for 12-14 days) all show appropriate 
RNA bands. Lane 1 is a nontransfected con
trol. These results clearly demonstrate that 
recombinant adenovirus is an effective vehi
cle for transiently expressing genes in prim
itive human CD34+ cells, and that the gene is 
effectively carried to clones of hemopoietic 
elements (CFU-GM, BFU-E) derived from 
the CD34+ cells. Although the expression of 

the gene is transient, we have established op
timal conditions for gene transfer thus en
abling us to evaluate toxicity and transfer 
into hemopoietic element. 

In the next sets of experiments, we as
sessed the effect of permanent transfection 
of IFN-a using the retrovirus stromal ad
herent cells and growth factors to confirm 
the presence of stem cells clones expression 
of IFN-a obtained from mobilized cells by 
G-CSF. We determined the presence of IFN
a DNA into CFU-S. Southern blot analysis 
revealed that, in both mice four months after 
transplantation, there were several different 
integration sites of IFN -a. All four individu
al CFU-S studied displayed different clonal 
pattern. Similarly, different integration sites 
were also seen in all other CFU-S obtained in 
other mouse (data not shown). 

Discussion 

In this report, we used adenovirus as a tran
sient means of gene transfer. Adenovirus 
(Ad) vectors provide an ideal vehicle for 
transient expression by which to deliver 
IFN -a for the purpose of abrogating Ph + lev
els induced in CML cells. Result suggest that 
transgene of IFN-a can be achieved using 
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AdCMV vector with efficiency of 45%. Fur
ther, there is a direct relationship between 
increased adenovirus dose and toxicity. At 
lower concentrations of adenovirus vectors, 
transduction efficiency is diminished [56]. 
However, studies with blood cells and he
matopoietic progenitors are still limited. 
The objective of these studies was to define 
conditions that enhance in vitro adenovi
rus-mediated gene transfer to hematopoiet
ic cells. Adenovirus IFN -a mediated gene 
transfer might be of great value to assess the 
effect of short-term expression of IFN-u on 
CD34+ cell differentiation. These studies in 
our laboratory have shown that there is no 
suppressive effect on CD34+ cell growth af
ter transduction with IFN -u gene. Our result 
demonstrated that prestimulation of bone 
marrow cells over an in vitro culture of ad
herent stromal cell layers (ACL) provides fa
vorable conditions for gene transfer in the 
absence of growth factors. It appears that 
utilization of bone morrow microenviron
ment through the use of an adherent cell re
sults in successful retrovirus IFN -u gene 
transfer into HSC. These studies demon
strated that an adherent cell layer provides 
excellent conditions for successful gene 
transfer. Finally, retrovirus mediated IFN-u 
gene transfer into mobilized stem cells may 
be permanently expressed without a cyto
toxic effect on CD34+ cell differentiation. 
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Abstract. Elderly patients with acute myeloid 
leukemia (AML) respond poorly to chemo
therapy compared to younger cohorts. To 
determine the contribution of biologic fac
tors to this poor response, we studied 211 
patients (161 de novo, 50 secondary AML) 
over 55 years of age (median: 68 years) regis
tered to a single clinical trial for previously 
untreated AML (SWOG 9031: Phase III ran
domized trial of standard dose cytosine ara
binoside and daunomycin +1- rhG-CSF). 
Pretreatment blasts were karyotyped, and 
were analyzed for MDRI expression and 
functional efflux by multiparameter flow cy
tometry. In addition, pre-treatment mar
rows were analyzed for trilineage dyspoiesis. 
MDRI expression was very high (71%) in 
these cases, distinctly different from a fre
quency of about 35% detected in a group of 
younger patients by similar methods. Func
tional efflux (58% of cases were efflux +) 
and unfavorable karyotype (e.g. -5/5q-, 
-717 q-, complex abn; present in 32% of cas
es) were also frequent in both de novo and 
secondary AML cases. Over 80% of evalu
able cases showed erythroid or megakaryo
cyte dyspoiesis while 68% showed myeloid 
dyspoiesis. Secondary AML, CD34 and 
MDR1 expression, functional efflux, and un
favorable cytogenetics were all associated 
with lower complete remission (CR) rates in 
univariate analysis. Dyspoiesis, while asso
ciated with MDR1 expression and unfavor
able cytogenetics, was not clearly predictive 

of CR. In multivariate analysis, three inde
pendent predictors of CR were found: secon
dary AML (p = 0.0035), MDR1 expression (p 
= 0.0041) and unfavorable cytogenetics (p = 
0.0031). Resistant disease was associated 
with MDR1 expression (p = 0.0007) and un
favorable cytogenetics (p = 0.017). AML in 
the elderly is associated with a high frequen
cy of dyspoiesis, unfavorable cytogenetics 
and MDR1 expression, and thus more close
ly resembles myelodysplasia related AML 
than the de novo AML of younger patients. 
Analysis of biologic disease parameters at 
AML diagnosis may help identify patients 
with a high likelihood of achieving CR with 
current therapies. Biologic studies can iden
tify MDR1 + cases where patients may bene
fit from therapies which include MDR1 
modulators, or non-MDRI transported 
drugs. Other biologic factors are also likely 
important in AML in the elderly, and await 
further investigation. 

Introduction 

Elderly patients with acute myeloid leuke
mia (AML) have a much worse clinical out
come than younger patients with the dis
ease. While 75% of younger patients gener
ally achieve complete remission (CR) on 
current therapies, and about 25 to 30% sur
vive for over 5 years, the prognosis is much 
worse in older patients, with less than 50% of 

Southwest Oncology Group Leukemia Biology and Pathology Programs, San Antonio TX, and Statistical 
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patients over 55 years achieving CR, and 
fewer than 10% surviving even 2 years after 
diagnosis [1-5]. Since the incidence of AML 
increases with age, and with the aging US 
population, there is an increasing popula
tion of elderly AML patients for whom treat
ment remains problematic. 

Various data indicate AML in the elderly is 
biologically different from that in younger 
patients. This difference in leukemia biology 
between younger and older patients may 
largely contribute to the much worse clinical 
response observed in elderly patients. The 
disease in elderly patients is more often 
secondary to antecedent myelodysplasia 
(MDS), or previous leukemogenic therapies; 
such confirmed secondary AMLs have been 
reported to be more resistant to therapy 
than de novo AML [4, 6, 7]. In addition, a 
subset of de novo AML cases, identifiable by 
dyspoietic features of residual bone marrow 
elements, may be biologically more like 
MDS-related AML; AML cases which have 
dyspoietic features have been reported to 
have a poorer response to standard chemo
therapy [8-10]. Some reports suggest that 
this background dysplasia may be more fre
quent among elderly patients, although the 
data are conflicting [8-11]. Karyotyping in 
these elderly patients also shows a higher 
frequency of MDS-type cytogenetic abnor
malities, again suggesting that a subset of de 
novo disease in these patients is similar to 
MDS-related disease [12-16]. 

If, as suggested,AML in the elderly is often 
similar to MDS-related AML, the frequency 
of drug resistance mediated by the multi
drug resistance protein-l (MDRI or p-gly
coprotein) may also be high in this patient 
group, as AML arising from MDS has a high 
frequency of MDRI expression [17,18]. As 
MDRI expression has been linked to poorer 
response in AML, an increased frequency of 
MDRI expression would offer a biologic ex
planation for poor outcome in AML in the 
elderly [19-25]. This would be of particular 
interest to clinicians as drug resistance me
diated by the MDRI protein can potentially 
be blocked by the addition of MDRI mod
ulators to therapy, and thus may in principle 
be overcome in vivo [26,27]. 

This chapter summarizes studies which 
we have undertaken in the Southwest Oncol-
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ogy Group (SWOG) to identify biologic fac
tors which might be linked to poor outcome 
in AML in the elderly, with particular refer
ence to cytogenetics and MDRI expression 
[28,29]. 

Materials and Methods 

Patient Selection 

Pre-treatment bone marrow and/or blood 
specimens were obtained at diagnosis from 
patients registered to a single Southwest On
cology Group study, SWOG-9031: a random
ized, double-blind, placebo-controlled trial 
of daunomycin (45 mg/m2 days [1-3]) and 
standard dose cytosine arabinoside (200 
mg/m2 days [1-7]) with or without rhG-CSF 
for previously untreated AML patients over 
55 years of age (Godwin et ali in preparation, 
[30]).This trial included patients with de 
novo and secondary AML apart from those 
with acute promyelocytic leukemia (FAB 
M3/M3v). 

Morphology Review 

The diagnosis of AML in all cases reported 
here was confirmed by central histopatho
logic review by the SWOG Leukemia Pathol
ogy Committee using standard FAB criteria 
as modified by SWOG [31,32]. In addition 
Wright's stained pretreatment bone marrow 
and blood smears were examined by two ob
servers (CL and DH) for evidence of dys
poiesis in the background maturing myeloid 
lineages. If sufficient cells of any lineage 
were present for evaluation, the degree of 
dyspoiesis was categorized into absent, mild, 
moderate, severe or according to criteria 
previously agreed upon by the examiners, 
and similar to the criteria of others as de
scribed in detail elsewhere (Leith and Head; 
in preparation, [8, 9, 11, 29, 33]). Briefly, 
white cell dyspoietic features included Pseu
do-Pelger Huet anomaly, nuclear hyperseg
mentation, megaloblastoid changes and cy
toplasmic hypo granulation. Red cells were 
considered dysplastic when nuclear frag
mentation, karyorrhexis, megaloblastoid 
change, or nuclear budding were observed, 



while megakaryocyte abnormalities includ
ed mononuclear forms, cells with multiple, 
distinct small nuclei, or megakaryocytes 
with bizarre, enlarged nuclei. Severity of 
dyspoiesis was graded according to the per
centage of abnormal cells in any lineage, 
with severe dyspoiesis correlating with over 
50% of the lineage showing dyspoietic 
changes. 

Analysis of MDRl Expression and Functional Efflux 

These assays were performed on pre-treat
ment bone marrow/peripheral blood sam
ples which had been enriched for leukemic 
blasts by density gradient separation. 
MDRI expression by leukemic blasts was 
measured using the MDRI-specific anti
body MRK16 (Kamiya, Thousand Oaks, CA) 
in three color flow cytometric assays where 
blasts were co-stained with MRK16, the he
matopoietic stem/progenitor cell antigen 
CD34, and the pan-myeloid antigen CD33, 
as previously described in detail [34]. Using 
this method allowed gating on a phenotyp
ically defined myeloid blast population for 
MDRI analysis, as well as correlation of 
MDR1 and CD34 expression. Appropriately 
matched isotype controls were used in all 
assays. Functional activity of the MDRI 
protein was assessed by measuring efflux of 
a fluorescent dye, DiOC2, by leukemic blasts 
in a single color flow cytometric assay, and 
the ability of the MDR1 modulator Cyclo
sporine A to inhibit this efflux [34]. In this 
assay, leukemic blasts were incubated in me
dia containing DiOC2 for 30 min at 37 DC to 
allow dye uptake. After the blasts were 
washed, and an aliquot put on ice to meas
ure baseline dye uptake, leukemic blasts 
were resuspended in fresh dye-free media 
with or without the MDRI-modulator cy
closporine A (CsA; 2500 ng/ml; Sandoz 
Pharmaceuticals, Basel, Switzerland) and 
incubated for 90 min at 37 DC. Cells were 
then washed and resuspended in fresh 4 DC 
medium for immediate flow cytometric 
analysis. The MDR1 (+) DOX cell lines and 
MDR1(-) 8226/S parental line (kindly pro
vided by W. S. Dalton, University of Arizo
na) were used as controls in all experiments 
[35]. 

Analysis of MDRI expression and efflux 
data were performed on a FACScan flow cy
tometer using Lysis II software (Becton
Dickinson). MRK16 staining of gated leu
kemic blasts compared to control cells was 
measured using the Kolmogorov-Smirnov 
(KS) statistic which measures the difference 
between the two distribution functions of 
staining intensity [36]. This method gener
ates a D value ranging from 0 to 1.0, with 
higher numbers indicating a greater differ
ence, and is useful in identifying small dif
ferences in cellular fluorescence and thus 
low level antigen expression, as often occurs 
with MDR1 expression in primary patient 
samples [34,37]. MRK16 staining intensity 
was categorized for descriptive purposes as 
follows: bright (D ~ 0.25), moderate (0.15 $; 

D > 0.25), dim (0.10 $; D < 0.15) and negative 
(D < 0.10). DiOC2 efflux was assessed by an
alyzing cellular fluorescence of gated leu
kemic blasts after efflux in the presence/ab
sence of CsA; differences in fluorescence 
were analyzed with KS statistics and a D val
ue of~ 0.25 was used to define a case as efflux 
(+). 

Cytogenetic Analysis 

Cytogenetic studies on pre-treatment bone 
marrow or unstimulated blood samples 
were performed using standard G-banding 
with trypsin-Giemsa or trypsin-Wright's 
staining in SWOG-approved cytogenetics 
laboratories. Karyotypes were interpreted 
using ISCN (1995) [38]. Karyotypes were 
considered normal diploid if no clonal ab
normalities were detected in a minimum 
of 20 metaphases examined and if 2 
growth/harvesting methods were used. Each 
karyotype was independently reviewed by at 
least three members of the SWOG Cytoge
netics Committee. 

Statistical Analysis 

Demographic and clinical data for patients 
in this study were collected according to 
standard procedures of the SWOG. MDR1 
expression and efflux were analyzed either 
as quantitative variables using the KS statis-
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tic D, or were categorized as described 
above. Unweighted least squares (LS) and lo
gistic regression (LR) analyses were per
formed to identify variables predictive of 
MDRI expression or functional efflux 
[39,40]. Standard criteria were used to de
fine CR and relapse [41]. Overall survival 
(OS) was measured from randomization un
til death from any cause, with observation 
censored for patients last known alive. RFS 
was measured from establishment of CR un
til relapse or death from any cause, with ob
servation censored for patients last known 
alive without report of relapse. Distribu
tions of OS and RFS were estimated by the 
method of Kaplan and Meier [42]. Analyses 
of prognostic factors for treatment out
comes were based on LR models for CR and 
proportional hazards (PH) regression mod
els for OS and RFS [40,43]. Prognostic fac
tors considered in the analysis included clin
ical parameters such as age, white blood cell 
count, blast count, etc. MDRI and CD34 ex
pression, functional efflux and cytogenetics 
[53]. Statistical significance is represented 
by two-tailed p-values. 

Results 

Patient and Disease Characteristics 

The patient study group comprised all 211 
patients registered to SWOG study 9031 who 
were confirmed to have non-M3 AML by 
central pathology review. There were 89 fe
males and 122 males who had a median age 
at study entry of 68 years (range 56 to 88). In 
50 patients (24%), the AML was secondary to 
either antecedent MDS or previous leukem
ogenic druglradiation therapy according to 
their clinical histories. Morphology was ex
amined in all cases, while one or more of the 
following biologic parameters were also 
studied in each case: CD34 and MDRI pro
tein expression on leukemic blasts, func
tional efflux and cytogenetics. All the above 
parameters were examined in 130 cases; data 
was not available for all parameters in the re
maining cases either because the specimens 
contained too few blasts for all analyses, or 
because the analyses were determined to be 
inadequate. 
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Morphologic Features 

All subtypes of AML (excluding AML M3, 
which by protocol was excluded from the 
study) were represented in this study, with 
the most frequent sub-types being AML FAB 
M 1 or M2, which were identified in 128 (61 %) 
of the cases. Dyspoietic changes in the back
ground maturing myeloid elements were fre
quently seen in those AML cases where resid
ual marrow elements were present for assess
ment. In the myeloid series, 104 of 153 evalu
ated cases (68%) showed dyspoietic changes 
including megaloblastoid cells and pseudo 
Pelger-Huet anomaly. The erythroid series 
also showed frequent dyspoietic changes, 
with 125 of 150 cases (83%) showing abnor
malities including megaloblastoid changes, 
broad-based nuclear budding, "cloverleaf" 
nuclei, multinucleation, and internuclear 
bridging. In addition, 80 of 91 cases (88%) 
showed megakaryocyte abnormalities in
cluding large, dysplastic forms with bizarre, 
enlarged nuclei, mononuclear megakaryocy
tes,and megakaryocytes with multiple small, 
distinctly separated nuclei. 

MDRl Expression and Functional Efflux 

Expression of the MDRI protein on pheno
typically gated leukemic blasts was detected 
in 135 of 189 cases (71 %) including 69 cases 
(37%) which showed bright staining (D ~ 
0.25) with the antibody, MRKI6. Functional 
efflux of the dye, DiOCz, was detected in 101 
of 175 cases (58%) studied, and was inhibit
ed by cyclosporine A (an MDRI efflux inhib
itor) in each case.As expected,functional ef
flux was strongly correlated with MDRI ex
pression: 82 (67%) of 122 MDRl(+) cases 
were efflux( +) while 32 (67%) of 48 MDRI 
(-) cases were efflux( -) (p < 0.0001). How
ever, as we and others have previously de
scribed, discrepant cases were identified in
cluding 16 MDRl(-)/efflux(+) cases and 40 
MDRl(+)/efflux(-) cases [34,44,45]. 

Cytogenetics 

Complete cytogenetic studies were per
formed in 164 cases. Ninety cases (55%) 



demonstrated abnormalities including 54 
(33%) with 2 or more abnormalities. Cytog
enetic abnormalities classically associated 
with MDS as well as AML were particularly 
common in this group and included 24 cases 
(15%) with -7/7q-, 21 cases (13%) with 
-5/5q-, and 25 cases (15%) with trisomy 8. In 
contrast t(8;21) and inv(16)or t(16;16), all 
abnormalities classically associated with 
true de novo AML were only found in a total 
of only 10 cases (6%). For the purposes of 
correlation with clinical response,karyotyp
ic abnormalities were grouped into favor
able, intermediate, or unfavorable categories 
based upon published literature [12-16,46-
48). The unfavorable cytogenetic group in
cluded the following: -5/5q-, -7/7q-, inv(3), 
abnormalities of 11 q or 17p, i( 17 q), del(20q), 
+ 13, cases with greater than 3 abnormalities; 
52 cases (32%) were classified as unfavor
able based on these criteria. In contrast, only 
9 patients (5%) were considered to have fa
vorable cytogenetics, as defined by cases 
with any of the following: t(8;21), inv(16), 
t( 16;16), + 14, without additional unfavor
able abnormalities. The remaining 103 cases 
(63%) had other abnormalities or a normal 
karyotype, and were considered to have 
intermediate prognosis cytogenetics. 

Correlation Between Morphologic and Biologic 
Features of Disease 

Dyspoietic features were marginally asso
ciated with biologic disease factors; myeloid 
cell dyspoiesis was associated both with 
MDRI expression (p= 0.034) and with unfa
vorable cytogenetics (p = 0.029). In addition 
to its association with dyspoiesis, MDRI ex
pression was, as expected, significantly and 
independently associated with efflux (p < 
0.0001). In addition, MDRI was associated 
with FAB subtype (p = 0.0037), mainly be
cause MDRI expression was much less fre
quent among FAB M4 and M5 subtypes. 
Interestingly, there was no independent cor
relation between MDRI expression and ei
ther secondary disease (p = 0.76), or unfa
vorable cytogenetics (p = 0.28). 

Unfavorable cytogenetics, in addition to 
its association with dyspoiesis, were also as
sociated with CD34 expression (p = 0.0077) 

but surprisingly, in view of the frequency of 
MDS-like cytogenetic features detected, was 
only marginally associated with secondary 
AML (p = 0.046). 

Prognostic Factors for Response to Therapy and for 
Resistant Disease 

Overall 95 (45%) of the 211 elderly patients 
with AML achieved a complete remission 
(CR), including 86 patients who achieved CR 
after one course of induction therapy, and 9 
who achieved CR after 2 courses. In univari
ate analysis, secondary AML was the only 
clinical parameter strongly predictive for 
achievement of CR (p = 0.0005). Only 24% of 
patients with secondary AML achieved CR 
in contrast to 52% of patients with de novo 
disease. No other clinical parameter includ
ing age, white blood count, blast count, or 
platelet count at presentation, or treatment 
arm (G-CSF versus placebo) was correlated 
with CR rate. Among laboratory parameters, 
CR rate was significantly influenced by 
CD34 and MDRI expression, by functional 
efflux, and by cytogenetics. CR rate signifi
cantly decreased as the intensity of either 
CD34 (p = 0.0027) or MDRI expression (p = 
0.0019) increased on the leukemic blasts. 
Among patients with CD34+ blasts, 38% 
achieved CR in contrast to a CR rate of 59% 
among the CD34- group, while 34% of pa
tients whose blasts showed moderate or 
strong MD R 1 expression entered CR, in con
trast to 45% of patients with dim MDRI ex
pression, and 67% of patients whose blasts 
were MDRI-. Similarly, the CR rate de
creased with increasing strength of dye ef
flux (p = 0.0039); 35% of patients with ef
flux+ blasts achieved CR while 58% of pa
tients who were efflux- entered CR. Among 
patients with unfavorable cytogenetics, only 
21 % achieved CR in contrast to a 55% CR 
rate among cases with intermediate or fa
vorable karyotypes (p < 0.0001). 

In multivariate analysis which took into 
account clinical as well as laboratory param
eters' the CR rate was highly significantly 
and independently associated with secon
dary AML (p = 0.0035),MDRI expression (p 
= 0.0041), and unfavorable cytogenetics (p = 
0.003 1). After accounting for these three fac-
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tors, there was no significant independent 
association with any other factor, including 
CD34 expression (p = 0.80) or functional ef
flux (p = 0.75). Only 2 (12%) of 17 patients 
with secondary AML whose leukemic blasts 
were MDR1 (+) and had an unfavorable kar
yotype achieved CR. In contrast, 22 of 27 
(81%) patients with de novo MDR1{-) AML 
and favorable/intermediate cytogenetics 
achieved CR. The CR rate fell among AML 
patients as MDR1 expression increased, so 
that patients with de novo disease, and 
favorable/intermediate cytogenetics, but 
whose blasts were moderately or strongly 
MDR1 + had a CR rate of 48% (19/40). 

Resistant disease was documented in 73 of 
116 patients who failed to achieve CR. Re
sistant disease was significantly and inde
pendently associated with unfavorable cy
togenetics (p= 0.017) and MDR1 expression 
(p = 0.0007), but not with secondary AML 
status (p=O.l1). 

Prognostic Factors for Overall Survival (OS) 
and Relapse-Free Survival (RFS) 

One-hundred and eighty of the 211 patients 
(85%) have died. The remaining 31 were 
alive between 18 and 53 months (median 33 
months) after registration. Multivariate pro
portional hazards regression analysis iden
tified three significant independent prog
nostic factors which predicted for poor OS: 
unfavorable cytogenetics (p < 0.0001), in
creasing age (p = 0.014) and increasing WBC 
(p = 0.029). After accounting for these fac
tors, none of the other variables considered 
had independent prognostic significance, 
including secondary AML (p = 0.29), MDR1 
expression (p = 0.93) and efflux (p = 0.10). 

RFS among the 95 patients who achieved 
CR was marginally poorer among patients 
with unfavorable cytogenetics (p = 0.028). 
No other variables were significantly corre
lated with RFS in multivariate analysis. 

Discussion 

A major question in the treatment of AML 
has been whether the poor response rate in 
elderly patients is due to their inability to tol-
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erate aggressive chemotherapy or to unique 
features of their disease. The present studies 
indicate that the poor clinical outcomes of 
elderly patients when treated with standard 
AML chemotherapy can, in large part, be at
tributed to distinct features of the disease 
found in this patient population. We found 
that even so-called de novo AML in the elder
ly has many similarities to AML arising sec
ondary to MDS. Many of these so-called de 
novo AML cases in elderly people show mor
phologic evidence of bone marrow dyspoie
sis, similar to that found in MDS, as well as a 
very high frequency of MDR1 expression, 
similar to the frequency of MDR1 expression 
found in secondary AML [17,18,33]. The fre
quency of MDR1 expression in the present 
study is much higher than that seen in a co
hort of younger AML patients we have 
systematically studied by similar methods 
(Leith et al; in preparation). In addition, the 
high frequency of MDS-like cytogenetics, 
and the very low frequency of abnormalities 
associated with de novo AML in younger pa
tients, point to a strong similarity between 
many cases of AML in the elderly, and AML 
arising from MDS [12,14,18,49,50]. 

When theses factors were identified and 
accounted for, it was possible to define a 
small group of elderly AML patients who 
had a remarkably good response to therapy. 
These patients had de novo disease in which 
the leukemic blasts were MDR1-, and lacked 
adverse cytogenetics. Such cases, with their 
high CR rate (of over 80% in this study) ap
pear to resemble the de novo AML cases seen 
in younger patients with favorable risk fea
tures [15, 51]. In contrast, the patients we 
identified who had both MDR1 + leukemic 
blasts, and unfavorable cytogenetics, had a 
very poor response to therapy; such a pa
tient group would clearly benefit from alter
native treatment regimens. 

In addition, there was a large group of eld
erly patients whose leukemic blasts ex
pressed MDR1, but whose other prognostic 
markers were favorable. The CR rate in this 
group decreased with increasing expression 
of MDRl. This group in particular may ben
efit from addition of MDR1 modulators to 
their therapy. 

Analysis of MDR1 expression and func
tion, to identify patients who may benefit 



from MDRI modulators, may thus be a first 
step towards improving the treatment of 
elderly patients with AML. However, multi
drug resistance is clearly complex in this pa
tient group. The association of RFS and 
overall survival with cytogenetics, but not 
with MDR1, indicates that other biologic 
mechanisms of therapy resistance must op
erate in these patients. The identification of 
cases with discrepant MDRI-/efflux+ phe
notypes in the laboratory suggests that other 
drug efflux mechanisms may operate in 
these patients; these may be contributing 
factors to therapy resistance. Such resistance 
mechanisms may include expression of the 
multidrug resistance protein, MRP, or the 
lung resistance protein, LRP, although our 
preliminary identification of some cases 
which are efflux+ but lack expression of any 
of these resistance markers, indicates that 
yet other mechanisms may be involved in 
this group of elderly AML patients. Our fu
ture studies will focus on identifying the ef
flux mechanisms involved in these unusual 
cases, and determining if they may further 
contribute to the unfavorable outcome of 
elderly patients with AML. 
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P-Glycoprotein Antagonists 

The hematologic malignancies, and acute 
myeloid leukemia (AML) in particular, have 
emerged as the principal diseases targeted 
to investigate pharmacological modulation 
of P-glycoprotein [P-gp] export function. 
Among the Phase II studies completed using 
so-called "first generation" P-gp antagonists, 
two agents - quinine [1] and cyclosporin-A 
[2,3] - have shown sufficient activity to en
ter further testing in Phase III studies (Table 
1). Among these, only the GOELAM MAQ2 
study is complete [4]. Over 300 patients par
ticipated in this trial, which included a het
erogeneous group of acute leukemias. Al
though effective plasma concentrations of 
quinine were confirmed using an ex vivo 
model, an improvement in remission rate in 

the quinine-treated arm was not demon
strable. Overall, 53% of patients receiving 
mitoxantrone in combination with quinine 
achieved a complete remission compared to 
45% of patients in the control arm. Although 
this is a comparatively large study, the power 
to discern a difference in treatment outcome 
is limited by the failure to stratify patients 
by P-gp phenotype and the magnitude of 
disease heterogeneity, the latter of which in
cludes refractory AML, acute lymphoblastic 
leukemia, blast phase transformation of 
myeloproliferative disease, and secondary 
leukemias. Despite this, a retrospective anal
ysis of the data indicates that patients with 
P-gp overexpression experienced an im
proved response rate with the addition of 
quinine compared to P-gp-negative patients 
(60% versus 35%). Studies testing the bene-

Table 1. Randomized trials investigating Pgp modulation in poor risk acute leukemia 

Institution/ Dates Modulator Dx # Pts Chemotherapy 
investigator 

GOELAMMAQ2 1992-95 Quinine AL 315 ID-AraC + Mitox 
(30 mg/kg IV) 

SWOG9126 1993- CsA AML 220 HiDAC+DNR 
(16 mg/kg IV) (RoR,2°) 

HOVON 1995- CsA AML NA Mitox+ VP16 
(12.5 mg/kg) (Refractory) 

MRC 1994- CsA AML NA DNR + AraC + 6TG 
(2.5-5 mg/kg) (> 60, RoR) 

Note: CsA = Cydosporin-A; AL = Acute Leukemia (see text); RoR = Relapsed or Refractory; 2° = secondary 
AML; ID-AraC = Intermediate Dose cytarabine; HiDAC = high-dose cytarabine; Mitox = mitoxantrone; 
DNR = daunorubicin; 6TG = 6-thioguanine; NA = not available. 

The Arizona Cancer Center, Section of Hematology/Oncology, and the Bone Marrow Transplant Program, 
University of Arizona, Tucson, Arizona, USA 
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fit of cyclosporin-A (CsA) have targeted 
poor-risk populations with a high frequency 
of P-gp expression, including AML in re
lapse, treatment-induced or secondary 
AML, patients refractory to primary induc
tion therapy, and/or the elderly. P-gp is be
lieved to contribute to treatment failure in 
each of these disease categories, and there
fore, these studies should prove informative. 

Second generation P-gp antagonists are 
agents selected for clinical development 
based upon greater potency and selectivity 
for P-gp, and lower inherent toxicities than 
the first generation compounds. Among 
these, the cyclosporine-D analogue, PSC 833, 
and dexverapamil are the most extensively 
studied in acute leukemia (Table 2). The lat
ter agent is currently under investigation in 
only one randomized trial in patients with 
acute lymphoblastic leukemia (ALL). PSC 
833 is a non-immunosuppressive cyclospo
rine analogue that lacks intrinsic renal toxic
ity. In both animal models and in vitro, this 
analogue exhibits up to tenfold greater po
tency than its parent compound, CsA. In a 
multicenter Phase lIII trial headed by the Ar
izona Cancer Center, 44 patients with poor
risk AML received induction therapy with 
high-dose cytarabine and daunorubicin, the 
latter administered as a continuous infusion 
with PSC 833 [5]. Dosages of both the anti
neoplastic and PSC 833 were escalated in se
quence to determine the best tolerated dose 
for subsequent investigation. Mean steady 
state blood levels of PSC 833 at the highest 

Table 2. Pharmacological modulators of P-gp func
tion in hematologic malignancies 

First-generation modulators 
Verapamil 
Quinine 

Cyclosporin -A 
Tamoxifen 

Second-generation modulators 
dex -Verapamil 

PSC833 
GG918 

LY335979 

dosage administered (10 mg/kglday) were 
well tolerated and exceeded by two- to three
fold the minimal threshold for P-gp blockade 
predicted by preclinical models (> 1000 
ng/ml). More importantly, patient serum 
from evaluable patients augmented dau
nomycin retention in a P-gp-expressing mye
loma cell line. The results of this trial indicate 
that remission rate was not adversely im
pacted by P-gp overexpression. In addition, 
sequential comparative studies showed that 
overexpression of the MDRI gene message 
was eliminated from relapsed specimens of 
remitting patients, whereas overexpression 
of alternate MDR transporter genes were not 
affected. These findings support the notion 
that P-gp export function was successfully 
and specifically modulated. Based upon 
these findings, five randomized cooperative 
group trials were initiated in the past year to 
test the benefit of MDR-l modulation with 
PSC 833 in poor-riskAML (Table 3). Three of 

Table 3. Phase III trials with second -generation P-gp modulators in AML 

Institution/ Date Modulator dose Diagnosis Chemotherapy 
investigator 

French multicenter 1994 Dexverapamil ALL HiDAC+VAD 
Trial (250 mg q4H po) (RoR) 
ECOG 1996 PSC 83310 mglkg/d CI relapsed/ Mitox + VP + AraC 

refractory (MEC) 
CALGB 1996 PSC 83310 mg/kg/d CI ;::: 60yrs DNR + VP + AraC 
CALGB 1996 PSC 833 10 mg/kgld CI de novo DNR + VP + AraC 
HOVON,MRC 1996 PSC 833 10 mg/kg/d CI ;::: 60yrs DNR+AraC 
SWOG 1996 PSC 833 10 mg/kg/d CI ;::: 55yrs DNR vs. Mitox + AraC 

vs. Mitox + AraC + PSC 

Note: ALL = acute lymphoblastic leukemia; RoR == relapsed or refractory; HiDAC == high-dose cytarabine; 
VAD == infusional vincristine, doxorubicin and dexamethasone; CI == continuous intravenous infusion; VP == 
etoposide (VP-16); DNR == daunorubicin. 
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these trials target elderly patients, whereas 
only one study is currently planned in de 
novo AML. Although the frequency of P-gp 
overexpression is lower in de novo AML (s 
30%) compared to the elderly population, 
modulation of P-gp-mediated anthracycline 
resistance merits investigation in this set
ting. The relatively high remission rate ob
served with conventional induction therapy 
in patients with de novo disease suggests that 
a limited number of resistance mechanisms 
may be operative at the time of disease pres
entation. Knowing that many of these pa
tients are destined for treatment failure, pri
mary treatment may select for emergence of 
P-gp which thereby contributes to relapse of 
disease. Indeed, in a recent analysis of 221 
AML patients enrolled on EORTC trials, the 
predictive value of P-gp for treatment failure 
was greatest in patients with de novo AML 
with a corresponding predictive value of 
90%, compared to 73% and 44% for patients 
in late or early relapse, respectively [6]. De
spite the rising frequency of P-gp expression 
with disease progression, these observations 
indicate that other biological features of 
these leukemias other than P-gp alone con
tribute to treatment failure in poor-risk 
groups. Conversely, in vitro co-selection of 
tumor cell lines with the P-gp antagonist PSC 
833 and an anthracycline, suppresses emer
gence of multidrug resistant clones by ten
fold [7]. Knowing this, the greatest potential 
to impact remission duration and survival 
may reside in the treatment of de novo AML. 

Toxicity and Pharmacokinetic Interactions 

Modulation of P-gp-mediated multidrug re
sistance is considered a target -specific drug 
interaction that carries with it potential con
sequences because of expression of the pro
tein in normal tissues. In murine models, ad
ministration of vincristine in combination 
with verapamil at concentrations sufficient 
to inhibit P-gp function, produces an eight
fold increase in antineoplastic concentra
tion in P-gp-expressing tissues such as the 
small intestines, liver and kidneys, with ac
companying excess toxicities to these organs 
[8]. In addition, these same preclinical mod
els predicted for significant pharmacokinet-
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ic interactions between the modulator and 
anticancer agent [8, 9]. Studies performed 
using verapamil or CsA in conjunction with 
anthracyclines or vinca alkaloids have con
sistently demonstrated delay in clearance of 
the antineoplastic accompanied by a signifi
cant increase in systemic drug exposure [2, 
5, 10-14]. Although potentially lethal com
plications have not been observed in human 
studies, toxicities to normal tissues with 
MDR-l modulation have been reported. Al
though isolated hyperbilirubinemia occur
ring in the absence ofhepato-cellular injury 
is observed commonly with the use of CsA, 
minor elevations occur routinely with the 
use of other P-gp antagonists, including qui
nine and PSC 833 [1,2,5,15]. Delayed biliru
bin excretion is now recognized to result 
from direct interaction of these modulators 
with bilirubin transport proteins [16, 17]. 
Not surprisingly, major alterations in chemo
therapy pharmacokinetics have been re
ported in clinical trials. Indeed, with each of 
the more potent P-gp modulators, CsA, dex
verapamil and PSC 833, a marked increase in 
the area under the curve (AUC) has been ob
served when these agents are combined with 
either paclitaxel, doxorubicin, daunomycin, 
or etoposide [2,5,10-14]. The magnitude of 
change in AUC varies widely but on average 
approximates a two- to threefold increase in 
systemic drug exposure. An additional con
cern is the inter-patient variability in phar
macokinetic interactions. In the University 
of Arizona AML trial, for example [5], PSC 
833 increased the mean AUC of daunomycin 
threefold, however, the magnitude varied 
from no alteration in AUC to a greater than 
fourfold increase in drug exposure. Unpre
dictable pharmacokinetic interactions such 
as these present a particular challenge for 
routine chemotherapy dose adjustment 
when combining anticancer agents with a 
P-gp modulator. In the absence of limiting 
nonhematologic toxicity, however, dose 
modification may not be necessary when the 
principal intent of treatment is bone mar
row ablation. Nonetheless, such pharmaco
kinetic interactions pose additional chal
lenges to the design and interpretation of 
randomized trials. An improved outcome 
with MDR-l modulation might be ascribed 
to either increased systemic drug exposure 



and/or MDR-l modulation. In addition, 
interpretation of these trials must be tem
pered by the recognition of the number of 
variables affecting outcome. These include a 
balanced distribution of functional P-gp-ex
pressing leukemias, achievement of effective 
blood levels of the chemotherapy modula
tor, and the presence or absence of non -P-gp 
mechanisms affecting chemotherapy resis
tance. In the current SWOG trials, patients 
are stratified according to P-gp phenotype 
before assignment to treatment arm. In ad
dition, alternate MDR phenotypes and 
blood levels of the modulator and antineo
plastic are prospectively monitored. 

Non-P-GP Multidrug Resistance 

Despite successful elimination of MDRI 
gene overexpression in phase II studies of P
gp modulators, resistance to salvage therapy 
indicates emergence or persistence of alter
nate drug resistance mechanisms. Indeed, 
multiple cellular mechanisms are now reco
gnized which contribute to an MDR pheno
type in vitro. These mechanisms can be dis
tinguished based upon their principal 
mechanism of action (Table 4). These in
clude genes encoding membrane proteins 
responsible for intracellular drug entrap
ment and/or translocation such as P-gp, the 
MDR-related protein (MRP),lung resistance 
protein (LRP), P95, and the transporter as
sociated with HLA-processing (TAP); en
hanced intracellular drug detoxification by 
glutathione-conjugation; alterations in nu-

clear targets such as topoisomerase II and 
DNA repair enzymes; and lastly, an altered 
threshold for generation of the apoptosis 
signal in response to DNA damage. These 
non-P-gp mechanisms of drug resistance as 
a group are relatively insensitive to competi
tive inhibitors of P-gp export function, and 
therefore if clinically relevant, may limit the 
benefit ofP-gp modulation. Among the non
P-gp transport proteins the MDR-related 
protein (MRP) [18] and the major vault pro
tein, lung resistance protein (LRP) [19, 20] 
are the best characterized. 

The MRP gene is localized to chromo
some 16pI3.1, and is a member of the ATP
binding cassette (ABC) super gene family of 
membrane transporters [21]. The MRP gene 
encodes a 190-kDa integral membrane gly
coprotein localized to plasma membrane 
and endomembrane structures, that con
tains two interior nucleotide-binding motifs 
[22]. Transfection studies have confirmed 
that MRP overexpression alone is sufficient 
to confer resistance to a broad profile of am
phophilic natural product antineoplastics 
similar to P-gp, with specific exceptions of 
paclitaxel and mitoxantrone [23-25]. A ma
jor distinction is that MRP is a conjugate 
carrier that selectively catalyzes the trans
port of organic anions, or glutathione-, glu
curonate-, or sulfate-conjugates of neutral 
or protonated antineoplastics such as the 
anthracyclines, vincristine and etoposide 
[26,27].As such,MRP but not P-gp mediated 
drug transport, is inhibited and chemother
apy sensitivity restored by agents that de
plete intracellular glutathione content. 

Table4.Cellular mechanisms contributing to multidrug resistance 

Mechanism Example 

1. Transmembrane transport • P-glycoprotein (MDR-l) 
• Multidrug resistance related protein (MRP) 
• P95 

2. Intracellular entrapment • MRP 
• Lung resistance protein (LRP) 
• Transporter-associated with Antigen 
• Processing (TAP) 

3. Drug detoxification • Glutathione (GSTPPP) 
4. Altered nuclear target • Topoisomerase II 

• DNA repair 
5. Altered apoptotic response • p53 mutations 

• 1 bcl-2 
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MRP is only one member of a recently de
scribed family of multispecific organic an
ion transporter (MOAT) genes that includes 
the canalicular MOAT (cMOAT) gene over
expressed in the liver and cisplatin resistant 
cell lines [28]. The latter gene, located on 
chromosome lOq24, has been implicated in 
the transport of bilirubin- and cisplatin
conjugates. Mutational inactivation of the 
cMOAT gene results in a murine model of 
the Dubin-Johnson syndrome, and has been 
implicated in the same syndrome in hu
mans. Regulation of MRP gene message in 
normal blood cells differs from the pattern 
observed for MDR-l. The MRP gene is con
stitutively expressed in most, if not all 
mammalian cells at low levels [29]. Gene 
knockout studies indicate that such back
ground levels of MRP contribute to a 1.5- to 
two-fold level of resistance to antineoplastic 
substrates [30]. Among hematopoietic ele
ments, MRP gene overexpression has been 
reported only in T-Iymphocytes, and unlike 
P-gp, is not overexpressed in mononuclear 
cells bearing the progenitor cell antigen 
CD34 [31]. Preliminary reports examining 
the frequency of MRP gene overexpression 
in hematologic malignancies are conflict
ing. Relative to normal bone marrow, signif
icant overexpression has been observed in 
the majority of patients with chronic lym
phocytic leukemia, unrelated to previous 
drug exposure, suggesting that native over
expression occurs commonly in this disease 
[32, 33]. Although the frequency of MRP 
overexpression in de novo AML is low, re
cent reports indicate a higher prevalence in 
clinically resistant and/or secondary AML, 
and acquisition of this MDR phenotype at 
relapse in sequentially analyzed specimens 
[31,34,35]. In addition, in patients harbor
ing the favorable cytogenetic abnormality 
inv(16)p13q22, hemizygous deletion of the 
MRP gene is associated with a longer inter
val to treatment failure [36]. Recent reports 
indicate that overexpression of the MRP 
gene product precedes upregulation of 
MDR-1, and it is coordinately regulated 
with genes encoding glutathione-S transfe
rase and GGG-giutamyl-cysteine synthe
tase, the rate limiting enzyme in glutathione 
synthesis [37,38]. Whether overexpression 
of the MRP transporter is an important 
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prognostic feature in specific acute leuke
mia subsets awaits further prospective 
studies in uniformly treated patient popula
tions. Its low frequency of detection in de 
novo AML, higher prevalence at relapse, and 
prognostic importance in AML harboring 
the chromosome 16 inversion suggest that 
this drug resistance phenotype may be clin
ically relevant. However, reports of a high 
frequency of MRP overexpression in gener
ally responsive acute lymphoblastic leuke
mia have raised appropriate concern that it 
lacks universal biological significance [32]. 
The availability of highly specific monoclo
nal antibodies to the MRP protein product 
will further define its biological signifi
cance [39].A recent cytofluorometric analy
sis of MRP in over 300 de novo AML speci
mens from patients enrolled on SWOG 8600 
indicates a low detection frequency (10%), 
and absence of a discernible adverse prog
nostic effect [35]. 

Overexpression of the gene encoding lung 
resistance protein, or LRP gene, is associated 
with an MDR phenotype analogous to that 
for P-gp. The monoclonal antibody LRP56 
recognizes the 11O-kDa protein product ex
pressed in MDR tumor cell lines which lack 
P-gp and MRP overexpression [19,40]. The 
amino acid sequence of LRP shows striking 
identity to the rat major vault protein 
(MVp)-AAA [20]. Vault proteins are multi
subunit protein complexes localized to nu
clear membrane pores and cytoplasmic ves
icles, implicated in nuclear-cytoplasmic 
transport. Not surprisingly, transfection of 
LRP cDNA does not confer chemotherapy 
resistance in tumor cell lines indicating that 
expression of this protein alone is insuffi
cient to confer drug resistance. Nevertheless, 
studies of anthracycline cellular pharma
cokinetics support a similar function for the 
LRP transporter unit, showing rapid drug 
redistribution from the nucleus to cytoplas
mic vesicles in LRP-overexpressing cell lines 
[41,42]. More importantly, clinical investi
gations using the LRP56 antibody have dem
onstrated prognostic relevance in patients 
with relapsed or secondary AML, ovarian 
cancer, childhood ALL, and multiple myelo
ma [43-46]. Among 87 AML patient speci
mens analyzed at the University of Arizona, 
immunocytochemical staining with LRP56 



was detected in 33% of cases of de novo 
AML, 38% of secondary leukemias and 38% 
of relapsed specimens [44]. Each AML sub
set was considered poor-risk based upon age 
or disease stage. LRP overexpression ad
versely impacted response to chemotherapy 
resulting in a 35% remission rate compared 
to 68% in LRP-negative patients (p = 0.001). 
More importantly, when adjusted for P-gp 
expression, only LRP retained independent 
prognostic significance in a logistic regres
sion model. Of note, treatment with CsA as a 
P-gp modulator was associated with emer
gence of LRP overexpression at the time of 
treatment failure coincident with loss of 
MDR-l expression. This suggests that in 
poor risk or previously treated leukemias, 
the use of chemosensitizers that effectively 
eliminate P-gp-expressing populations may 
select for this alternate mechanism of multi
drug resistance. Nevertheless, these findings 
indicate that LRP is an important drug resis
tance phenotype that may contribute to an
thracycline resistance in poor-risk AML. 
Identification of chemotherapy sensitizers 
which also reverse LRP resistance may 
therefore hold promise to improve thera
peutic outcome. Indeed, recent investiga
tions have identified multifunctional mod
ulators that inhibit both P-gp and LRP func
tion. One such agent, BIBW22, is a dipyrida
mole analogue with 100-fold greater poten
cy for P-gp inhibition than the parent com
pound that effectively inhibits LRP function 
[47]. Clinical development of such multi
functional modulators awaits further inves
tigation. 

MDR in drug-selected tumor cell lines 
may also arise from a decrease in the cataly
tic activity of, and DNA cleavage by the nu
clear enzyme topoisomerase I [48,49]. The 
importance of this type of drug resistance in 
clinical specimens, however, remains un
clear because of limitations in development 
of reliable assays for its application and cell 
cyclegoverned alterations in enzyme activ
ity [50]. The glutathione-S transferases 
(GST) are a family of detoxification enzymes 
responsible for the direct conjugation of glu
tathione (GSH) to cellular nucleophiles [51]. 
While enhanced GSH generation and/or 
conjugation are accepted as important 
mechanisms of resistance to alkylating 

agents, direct evidence for a causative role in 
anthracycline resistance is less convincing. 
Correlative studies suggest that overexpres
sion of GSTPPP is associated with a higher 
incidence of treatment failure in de novo 
AML [52]. However, no correlation was ob
served with treatment outcome in relapsed 
patients. Not surprisingly, other investiga
tors have reported a positive correlation 
between GSTPPP and MDR-l or MRP over
expression [53, 54]. In AML specimens, 
GSTPPP gene message remains relatively 
constant at relapse raising concerns that 
overexpression may represent a feature of 
the malignant phenotype. With the excep
tion of MRP, GSH depletion results in mini
mal change in anthracycline resistance in P
gp overexpressing cell lines, despite concur
rent over-expression of the transferase mes
sage, implicating P-gp as the dominant 
mechanism of resistance [55,56]. More re
cent investigations suggest that the coordi
nate regulation of GSTPPP and other trans
port proteins relates to its role in the conju
gation of amphophilic xenobiotics within 
endosomal structures to afford local protec
tion from lipid peroxidation before export 
from the cell [37,38,57]. 

Cellular cytotoxicity resulting from DNA 
damage is dependent upon effective trans
mission of the growth arrest signal. A varie
ty of antileukemic agents, including the an
thracyclines, topoisomerase inhibitors and 
cytarabine exert their effects by induction 
of apoptosis or programmed cell death as 
evidenced by generation of the characteris
tic DNA fragmentation pattern and/or cyto
logic changes [58-60]. For this reason, dis
ruption of the apoptotic signal promotes 
tumor survival and perceived resistance to 
chemotherapy. The proto-oncogene, bcl-2, 
is the best characterized of the biological 
signals responsible for suppression of apop
to sis. Indeed, in a cohort of 82 patients with 
AML, immunodetection of the bcl-2 protein 
was associated with adverse prognostic fea
tures such as an elevated white blood cell 
count at diagnosis and expression of the 
stem cell antigen, CD34 [61]. More impor
tantly, overexpression of bcl-2 predicted for 
an inferior response to induction chemo
therapy and shorter overall survival. Over
expression of the bcl-2 protein has also been 
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reported in lymphoid leukemias, but its 
prognostic relevance remains under inves
tigation [62]. 

The bcl-2 gene represents only one of 
many genes which impact transmission of 
the apoptotic signal. Several genes, includ
ing the tumor suppressor gene, p53, inhibi
tors of p53 function such as the human ho
mologue of the murine double minute 2 
gene (MDM2) and the retinoblastoma gene 
product (Rb), may be modifiers of the apop
totic response to many DNA damaging 
agents. Not surprisingly, mutations of the 
p53 gene and overexpression of MDM2 are 
demonstrable in both lymphoid and mye
loid leukemias and are linked to an inferior 
treatment outcome [63-65]. Recent reports 
that P-gp is a lipid translocase with broad 
specificity that extends to the cell death ef
fector, ceramide, indicates that the MDRI 
gene product may limit not only anticancer 
drug entry, but also translation of the cell 
death signal [66]. While these observations 
illustrate the emerging biological complex
ity of chemotherapy resistance in the acute 
leukemias, they provide an important 
framework for development of strategies to 
enhance the apoptotic response to DNA 
damage or other stress-related signals. 

Conclusions 

It is clear from investigations to date that 
clinical MDR results from the interaction of 
an ever-increasing number of biologic 
mechanisms. MDR resulting from overex
pression of the MDR-l gene remains an im
portant biological mechanism of resistance 
in AML and multiple myeloma that warrants 
further study. Despite the presence of redun
dant resistance mechanisms, ongoing clini
cal trials will provide direction for further 
therapeutic development. Whether phar
macological modulation of P-gp function 
offers clinic benefit must await the results of 
randomized trials which are now in 
progress. The recent development of more 
potent and multifunctional modulators in
dicates that we are only now at the threshold 
of exploring new, potentially more effective 
treatment strategies for MDR modulation in 
hematologic malignancies. 
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Abstract. Expression and functional activity 
of P-gp were measured in 182 acute myelog
enous leukemia (AML) patients: 136 pa
tients were treated with the AML-6 protocol 
(EORTC), containing daunorubicin, vincris
tine and conventional-dose cytarabine (ara
C), and 21 patients with idarubicin, vepeside 
and conventional-dose ara-C (ICE-AML-lO 
protocol/EORTC). Additional 25 patients 
were treated with a modified dose of idaru
bicin and ara-C as compared to the ICE pro
tocol, however with the same dose of etop
side (ICE-I protocol). P-gp was determined 
using monoclonal antibody 4E3.16 and 
functional activity using the rhodamine 123 
accumulation test. P-gp positivity was de
fined as a KS D value ~ 0.15, P-gp negativity 
as a KS D value < 0.15. P-gp activity was de
fined as a ratio of mean rhodamine 123 ac
cumulation with/without verapamil. In 
AML patients at primary diagnosis and ear
ly relapseirefractoriness a significant (p < 
0.05) difference between P-gp positive and 
P-gp negative patients was ascertained using 
the AML-6 protocol; the difference corre
sponded to the complete remission rate. For 
ICE and ICE-I-treated AML patients at pri
mary diagnosis this significance could not 
be shown. Compared to AML patients at pri
mary diagnosis and patients at early relapse 
or refractoriness, a significantly (p < 0.05) 

increased incidence of non-pumping P-gp 
and a trend (p = 0.054) to a higher percent
age of non-P-gp-related mechanisms in 
AML patients at late relapse was deter
mined. When using the AML-6 protocol, age, 
activated P-gp and CD34 expression are in
dependent prognostic factors in AML pa
tients. A test system, which determines a 
functional P-gp overexpression, is a major 
tool for identifying a poor prognostic group 
of AML patients. In order to effectively use 
so-called P-gp modulator substances, the 
degree of P-gp expression, the activated or 
non-activated P-gp condition and detection 
of non-P-gp-related resistance mechanisms 
are of utmost interest for optimal design and 
analysis of P-gp modulator trials and for 
understanding the complexity of chemo
therapy-related resistance mechanisms in 
patients. 

Introduction 

Chemotherapy resistance is the major rea
son for treatment failure not only in pre
treated acute myelogenous leukemia (AML) 
patients but also in AML patients at primary 
diagnosis. One of the most investigated re
sistance mechanisms in AML patients is the 
P-glycoprotein (P-gp )-related resistance [10, 
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18,28,30-32,39,40,45,47,50,52,53,55,58,69, 
72,73,76,77]. This transmembrane 170 kDa 
protein pumps several cytostatic drugs, such 
as daunorubicin, doxorubicin, vincristine 
and etoposide from the inside to the outside 
of the cell in a way that consumes ATP [12, 
13, 19,23,25,27]. It should be emphasized, 
however, that idarubicin, a new anthracy
cline, can overcome P-gp-related resistance 
in vitro and in vivo [6,7,38,51,54,68, 70].A 
comparison of the results of the numerous 
above-mentioned studies published in re
cent years is extremely difficult in the ab
sence of standardized methods. A first step 
toward a consensus was established at the 
Memphis Meeting [4]. It is of utmost impor
tance not only to detect P-gp on its pheno
type or RNA level in a most specific way, but 
also to analyze its functional activity. The 
last-mentioned point should be of special 
interest with a view to initiating an optimal 
study design with agents (modulators) that 
can reverse P-gp-related resistance. Many 
such trials [3,5,9,14,16,20,34,41-44,48,49, 
56,57,59,60,61,66,67,71] have been initiat
ed in the past. The results, however, were 
predominantly negative and the P-gp biolo
gy not sufficiently analyzed in context with 
P-gp modulators. Additionally, special atten
tion should be given to the existence and co
existence of alternate pump mechanisms, 
such as the multidrug resistance-associated 
protein (MRP) [1,8,15,21,26,29,31,7,17,24, 
29,31,32,37,64,65,75] or the lung resistance 
protein (LRP) [33,62,63]. Therefore, the goal 
of the present work was to characterize the 
P-gp phenotype by using indirect immuno
fluorescence with MoAb 4E3.16 und the P
gp pump function with the rhodamine 123 
(R123) accumulation test system for diagno
sis and treatment regimen. 

Patients and Methods 

Patients 

We studied 182 acute myelogenous leukemia 
(AML) patients, where 136 patients were 
treated with the EORTC-AML-6 protocol, 
including 76 AML patients at primary diag
nosis, 31 AML patients at early relapse or re
fractoriness and 29 AML patients at late re-
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lapse. Additionally, 46 AML patients at pri
mary diagnosis were treated with the ICE 
(AML-10 protocollEORTC) or ICE-I proto
col. According to the FAB classification, 51 
were classified as M1,91 as M2,24 as M4, two 
as M4 Eo, seven as M5a / M5b- and seven as 
M6 patients. Therapy-related leukemia and 
leukemia evolving from a myelodysplastic 
syndrome were excluded from this analysis. 

Treatment Protocols. AML patients were 
treated according to the EORTC (European 
Organization for Research on Treatment of 
Cancer) AML-6 protocol [3] (daunorubicin 
45mg/m days 1-3; vincristine 1 mg/m, day 2; 
ara-C at 12-h intervals 50 mg/m2 and daily 
continuous infusions 100 mg/m, days 1-7) or 
according to the ICE scheme (AML-lO pro
tocollEORTC-GIMEMA) containing idaru
bicin 10 mg/m on days 1,3 and 5, ara-C 25 
mg/m2 i.v. bolus followed immediately by 
100 mg/m2 given as a continuous daily infu
sion for 10 days and etoposide 100 mg/m on 
days 1-5. The ICE-I protocol consists of ida
rubicin 12 mg/m2 on days 1,3,5, ara-C 100 
mglm2 on days 1-7,andetoposide 100 mg/m2 

on days 1-3. 

Blast Population Analysis. Morphological 
and cytochemical analysis of the blast popu
lation followed after Ficoll separation. After 
that, the so-called dominant marker analysis 
was performed with a leukogate (CD45/ 
CD14) and lymphocytic marker determina
tion by using a FACScan flow cytometer 
(Becton & Dickinson). In the case of sus
pected myelocytic leukemia CD34, CD33, 
CD 13, CDw65 and CD 15 were used. As a re
sult of this procedure, the dominant immu
no cytological marker for the blasts was de
termined and used for further biparametric 
P-gp analysis and R123 accumulation ratio 
determination. A specimen was defined as 
CD34 positive when at least 30% of the leu
kemic cells showed mAb CD34 binding. 

Sample Handling. Fresh bone marrow sam
ples were held at room temperature for no 
longer than 24 h. 

Quality Control. Standardized drug-sensitive 
and various drug-resistant P-gp-expressing 
cell lines such as CCRF-CEM (P-gp nega-



tive), CCRF-CEMIVCRI 00 (low P-gp expres
sion), CCRF-CEMIVCR400 (intermediate P
gp expression), CCRF-CEMIVCR1000 (high 
P-gp expression) and CCRF-CEM/ACT400 
(high P-gp expression) were used. 

Monoclonal Antibodies. 4E3.16 is a mouse 
monoclonal antibody (MoAb) directed to
ward an extracellular epitope of the human 
mdr1-encoded P-gp [2]. This MoAb is also 
an IgGza class antibody and was originally a 
gift of Dr. Arceci (Dana-Faber Institute, Bos
ton, MA, USA). It was later purchased from 
Signet Laboratories,Inc., Dedham, Massa
chusetts, USA. MoAb 4E3.16 specifically rec
ognizes the human mdrl P-gp but not the 
mdr2 product. 

P-gp determination in BM: Using MoAb 
4E3.16, P-gp was determined by means of 
the indirect immunocytological method. 
For 4E3.16 determination, mononuclear 
cells were concentrated by Ficol separation, 
washed twice with PBS + 0.05% NaN3 (in or
der to avoid capping the MoAb) and centri
fuged at 200 gand 2-8 °C for 5 min. The pel
lets were resuspended in PBS + 0.05% NaN3 

and 20% FCS at a final concentration of 5 x 
106 cells/ml.After 15 min on ice,200 fll of cell 
suspension were incubated with 5 fll of 
MoAb 4E3.16. As negative control, a separate 
tube was filled with the same concentration 
of a MoAb of the same isotype (IgGz.). Both 
tubes were incubated on ice for 30-60 min. 
Samples were centrifuged and washed twice. 
Pellets were resuspended in 200 fll PBS + 
0.05% NaN 3 with 2% FCS and in 10 fll of the 
1:10 with PBS-diluted FITC-conjugated sec
ondary antibody (goat anti-mouse IgGza, 
Sigma Immuno Chemicals, Deisenhofen, 
Germany). Both tubes were subsequently in
cubated on ice in darkness for 30-45 min. Af
ter the cells had been washed once, they were 
resuspended in PBS + 0.05% NaN3 for flow 
cytometric analysis. Fluorescence was ana
lyzed with a FACScan flow cytometer (Bec
ton & Dickinson) combined with LYSIS II 
computer software. P-gp expression was de
termined as the percentage of P-gp positive 
blasts. This analysis differentiated between 
negative (0%), low (1 %-9%), moderate 
(10%-25%) and high (>25%) P-gp expres
sion and correlated with the Kolmogorov 
Smirnov (KS) statistics [46, 74]. Corre-

sponding to the percentage of P-gp positive 
blasts when using the KS test a D value was 
estimated, such as P-gp negative expression 
(D<0.05), low (D between 0.05 and 0.14), 
moderate (D between 0.15 and 0.24) and 
bright or high P-gp expression (D >0.25). P
gp positive expression was defined as a flow 
cytometric D value ~ 0.l5. 

Rhodamine (R-123) Accumulation Test 

Isolated mononuclear BM cells (5xl05/ml) 
were resuspended in RPMI 1640 medium 
with stable glutamine (Seromed FG 1215). 
The cell suspension was divided into two 
tubes. One was preincubated with 10 flM ve
rapamil for 15 min in a 3]oC shaker water 
bath. After preincubation, rhodamine 123 
(Sigma R8004) 200 ng/mL was added to all 
samples, and the samples were incubated for 
60 min at 37°C. At the end of incubation, ac
cumulation was immediately stopped with 3 
ml ice-cold PBS (with or without verapa
mil). After centrifugation the sediments 
were resuspended in PBS (with or without 
verapamil) and cells kept on ice in the dark 
until flow cytometric analysis. Accumula
tion ofR123 was determined with a FACScan 
flow cytometer (Becton & Dickinson). The 
green fluorescence of R123 was collected 
with a 530-nm band pass filter. Fluorescence 
intensity of R123 in the leukemic blasts was 
detected on fluorescence channel one (FLl) 
of the FACScan using a 1.024-log channel 
scale. A minimum of 5000 events were col
lected for each sample. Samples were gated 
at FSC versus SCC to exclude cell debris and 
clumps. The analyzed data are described as 
ratios of mean R123 accumulation with ve
rapamil divided by R123 accumulation 
without verapamil. A R123 ratio between 
0.88 and 1.32 was defined as a high R123 ac
cumulation. In combination with a high P
gp expression (25-98%), however it means a 
non-functional P-gp. A R123 ratio between 
6.2 and 14.28 is defined as a low R123 accu
mulation in combination with a high P-gp 
expression value; together with low or non
P-gp expression an indication for other pro
tein pump mechanisms (the last-mentioned 
not defined in this study) should be consid
ered. 
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Definitions 

- Complete remission was defined as nor
mal cellular (blast count 0-5%) bone 
marrow without blasts in the peripheral 
blood and a leukocyte count between 
2 and 10 Gil as well as a platelet count 
> 100 GIL 

- The endpoints fo assessing the prognostic 
influence of the examined different prog
nostic factors in AML patients were: 

- Clinical drug resistance ( survival at day 28 
and in five patients at day 32 with> 5% leu
kemic blasts in the bone marrow) or fail
ure of induction therapy (clinical drug re
sistance after two therapy cycles). The last 
definition includes no change (NC) or no 
response to treatment and progressive dis
ease (PD), i.e. an increase of blast count or 
more than 25% in the bone marrow after 
therapy. 

- According to the tables,AML patients were 
treated at refractoriness (NC after at least 
two conventional induction therapy cy
cles), early relapse (:::; 6 months) or at late 
relapse (> 6 months). 

- Poor-risk karyotype was defined as 
t(9;11); Ph+, t(9;22); t{4;11), t{11q23), 
-5/del(5q), -7/del{7q), +8 and interme
diate- or good-risk karyotype was defined 
as t{8;21), inv (3), inv (16), t{6;9) t{8;16),), 
t{21q22) and, of course, normal karyotype 
according to the classification of Keating et 
al. (35). 

Statistics 

The U (WILCOXON) test was used for com
parison of various measured values of the 
patients' (CSS software). The WILCOXON 
test tests the hypothesis that there are no dif
ferences between two paired populations of 
ordered-metric scores. The test takes into ac
count the magnitude of the differences 
between two paired variables. Pvalues < 0.05 
were considered statistically significant. The 
predictive value for nonresponse in relation 
to P-gp positivity is the ratio of nonrespond
ing patients to the total number of treated 
patients with P-gp positivity. Kolmogorov 
Smirnov (KS) statistics [46,74] contained in 
the Lysis II program of the FACScan (Becton 
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& Dickinson) were used, and a D value was 
generated to define P-gp positivity (D > 
0.15). Multivariate analysis was used (CSS 
software) to calculate the prognostic factors. 

Results 

Seventy-six adult AML patients at primary 
diagnosis were treated with the AML-6 pro
tocol; 45 (59%) reached CR. Moreover, 21 
AML patients at primary diagnosis were 
treated with the ICE induction scheme 
(AML-lO protocol) and 25 with the ICE-I 
protocol. In the ICE-treated group a CR rate 
of 69% and in the I CE-I-treated patients a CR 
rate of 69.5% was observed. Furthermore, 31 
AML patients at early relapse or refractori
ness (CR rate 29%) as well as 29 AML patients 
at late relapse (CR rate 41%) were treated 
with the AML-6 protocol. The median age of 
these 101 male and 81 female patients was 51 
years with a range between 22 and 58 years. 
Within the FAB classification there was no 
significant difference in P-gp expression. 

P-gp and CD34 Value as Well as R123 Ratio Analysis 
Before Treatment 

Sixty-three (35%) of the 182 AML patients 
had a D value> 0.15 and therefore ranked as 
P-gp positive according to the definition cri
teria. Of the 63, 39 (62%) patients were 
CD34-positive, and 20 (32%) of the P-gp 
positive patients showed a non-pumping 
P-gp. Eleven (55%) of these 20 AML patients 
were analysed as late relapse patients. This 
high incidence of non-activated P-gp-over
expression is significantly (p < 0.05) in
creased as compared to AML patients at pri
mary diagnosis and early relapse or refrac
toriness. No significant difference concern
ing CD34 expression was seen in AML pa
tients at primary diagnosis, early relapse or 
refractoriness and late relapse. Nine (45%) 
of the 20 non-pumping P-gp positive AML 
patients were CD34 positive. The incidence 
of CD34 expression between non-pumping 
and pumping P-gp positive patients was not 
significant. 

Of the 119,27 (23%) P-gp negative (D val
ue < 0.15) AML patients demonstrated a ten-



dency to a non-P-gp-related mechanism. 
AML patients at primary diagnosis, early re
lapse or refractoriness and late relapse 
showed no significant difference regarding 
the assumption of a non-P-gp-related mech
anism. Only 12 (10%) of 119 P-gp negative 
AML patients were CD34 positive; com
pared to the P-gp positive patients the inci
dence of CD34 expression was significantly 
(p < 0.05) lower. Three (11 %) of the 27 P-gp 
negative AML patients with a non-P-gp-re
lated mechanism showed positive CD34 ex
pression. No significant difference in CD34 
expression was demonstrated between P-gp 
negative patients and patients with a non
Pgp-related mechanism. 

AML -6 Treatment 

Eighteen (24%) of the 76 AML patients at 
primary diagnosis were defined as P-gp pos
itive (Table 1). Of the 18 P-gp positive pa
tients 12 showed a bright and six a moderate 
staining with the MoAb 4E3.16. Fifty-eight 
(76%) of the 76 patients were P-gp negative 
(Table 1), whereas in 27 patients a low P-gp 
expression was detected and in 31 patients a 
negative P-gp expression was seen. Of the 18 
P-gp positive patients, three (17%) showed 
an R123 ratio between 0.85 and 1.35 (Table 
2). This result indicated a non-pumping or 

non-activated P-gp. Of the 58 P-gp negative 
patients four (7%) showed an R123 ratio 
between 6.2 and 14.5. This result must be 
considered an indication of other, non-P-gp
related pump mechanisms. Two (11 %) of the 
eighteen P-gp positive patients reached CR, 
with one patient showing bright and one pa
tient a moderate P-gp expression (Table 1). 
Both patients with CR, however, demon
strated (Table 2) a non-pumping P-gp (R123 
ratio between 0.85 and 1.35). Compared to 
the two P-gp positive responding patients, 
43 (74%) P-gp negative patients had CR. The 
predictive value for non-response was 89%. 
The CR difference between P-gp positive 
and negative patients at primary diagnosis 
was significant (p < 0.01). 

Twenty-one (68%) of 31 AML patients at 
early relapse or refractoriness were P-gp 
positive; 13 of whom had bright and eight 
moderate 4E3.16 staining (Table 3). Two 
(9.5%) of the 21 reached CR after the AML-6 
protocol and both had a non-pumping P-gp 
(Table 4). The predictive value for non-re
sponding P-gp positive patients was 93.5%. 
Seven (70%) of the ten P-gp negative pa
tients achieved CR. Of these responded pa
tients, a non-Pgp-related resistance mecha
nism must be assumed in two (28.5%), nei
ther of whom reached CR (Table 4). P-gp 
negative and P-gp positive patients at early 
relapse/refractoriness treated with the 

Table 1. Correlation of 4E3.16 staining as measured by the KS statistic (D value) and the percentage of 4E3.16 
positive blasts in 76 AML patients at primary diagnosis treated with the AML-6-protocol in correlation to 
complete remission 

4E3.16 expression by the percentage of positive blasts 

Bright CR Moderate CR Low CR 
(>25%) (25%-10%) (9%-1%) 

4E3.16 expression 
No.b No.b by KS value (D) No." No." No." No.b 

Bright 
(2: 0.25) 9 2 

Moderate 
(0.24-0.15) 4 2 

Low 
(0.14-0.05) 2 22 18 

Negative 
«.05 or left shift) -

"Number of patients with a particular value from the total number of 76 patients studied. 
b Complete remission is indicated as CR and number (No.) of patients. 

Negative CR 
(0%) 

No." 

3 2 

31 22 
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Table2. Correlation of 4E3.16 staining intensity and R-123 accumulation (ratio value) in 76 AML patients at 
primary diagnosis treated with AML-6-protocol in correlation to complete remission 

4E3.16 expression of gated blasts (KS D value) 

Bright CR Moderate CR Low CR Negative 
(2: 025) (0.24-0.15) (0.14-0.05) «.05 or left 

shift) 

R-123 ratioa No.b No.' No.b No.' No.b No.' No.b 

Ratio 0.85-1.35 2 1 25 19 29 
Ratio 6.2-14.5 10 6 2 2 2 

a R-123 accumulation of gated blasts (ratio). 
b Number of patients with a particular value from the total number of76 patients studied. 
'Complete remission is indicated as CR and number (No.) of patients. 

CR 

No.' 

22 

Table3. Correlation of 4E3.16 staining as measured by the KS statistic (D value) and the percentage of 4E3.16 
positive blasts in 31 AML patients at early relapse or refractoriness treated with AML-6-protocol in correla
tion to complete remission 

4E3.16 expression by the percentage of positive blasts 

Bright CR Moderate CR 
(>25%) (25%-10%) 

Low CR 
(9%-1%) 

4E3.16 expression 
No.b No.b byKSvalue (D) No: No: 

Bright 
(2: 025) 9 3 

Moderate 
(0.24-0.15) 6 2 

Low 
(0.14-0.05) 5 3 
Negative 
«.05 or left shift) 

a Number of patients with a particular value from the total number of 31 patients studied. 
b Complete remission is indicated as CR and number (No.) of patients. 

Negative CR 
(0%) 

No." No.b 

4 3 

Table 4. Correlation of 4E3.16 staining intensity and R-123 accumulation (ratio value) in 31 AML patients at 
early relapse treated with AML-6-protocol in correlation to complete remission 

4E3.16 expression of gated blasts (KS D value) 

Bright CR Moderate CR Low CR Negative CR 
(2: 025) (0.24-0.15) (0.14-0.05) «.05 or 

left shift) 

R-123 ratio" No.b No.' No.b No.' No.b No.' No.b No.' 

Ratio 0.85-1.35 3 1 4 4 9 3 
Ratio 6.2-14.5 10 7 2 4 

a R-123 accumulation of gated blasts (ratio). 
b Number of patients with a particular value from the total number of 31 patients studied. 
, Complete remission is indicated as CR and number (No.) of patients. 

AML-6 protocol showed a significant differ
ence (p < 0.05) in CR rate at early relapse and 
refractoriness. 
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In 14 (48%) of 29 AML patients at late re
lapse a P-gp positivity was analyzed, while in 
nine a bright and in five a moderate 4E3.16 



TableS. Correlation of 4E3.16 staining as measured by the KS statistic (D value) and the percentage of 4E3.16 
positive blasts in 29 AML patients at late relapse treated with AML-6-protocol in correlation to complete re
mission 

4E3.16 expression by the percentage of positive blasts 
3 

Bright CR Moderate CR Low CR Negative CR 
(>25%) (25%-10% ) (9%-1 %) (0%) 

4E3.16 expression 
No.b No.b No.b No.b by KS value (D) No." No." No." No: 

Bright 
(:2 025) 7 3 2 

Moderate 
(0.24-0.15) 4 

Low 
(0.14-0.05) 6 3 
Negative 
«.05 or left shift) 8 3 

a Number of patients with a particular value from the total number of 29 patients studied. 
b Complete remission is indicated as CR and number (No.) of patients. 

Table 6. Correlation of 4E3.16 staining intensity and R-123 accumulation (ratio value) in 29 AML patients at 
late relapse treated with AML-6-protocol in correlation to complete remission 

4E3.16 expression of gated blasts (KS D value) 

Bright CR Moderate CR Low CR Negative CR 
(:2 025) (0.24-0.15) (0.14-0.05) «.05 or 

left shift) 

R-123 ratioa No.b No.' No.b No.' No.b No.' No.b No.' 

Ratio 0.85-1.35 7 3 4 3 3 3 4 
Ratio 6.2-14.5 2 1 1 4 2 5 1 

a R-123 accumulation of gated blasts (ratio). 
b Number of patientswith a particular value from the total number of 29 patients studied. 
'Complete remission is indicated as CR and number (No.) of patients. 

staining was seen (Table 5). Five (36%) of 
these patients had CR. Therefore, the predic
tive value for non-responding P-gp positive 
patients was 64%. Of the five responding 
P-gp positive patients, four (80%) had a non
pumping P-gp (Table 6). Fifteen patients 
were P-gp negative, whereas seven showed a 
low and eight a negative 4E3.16 staining. 
Seven (44%) of the 15 negative P-gp patients 
achieved CR. In nine (60% ) of the P-gp neg
ative patients, however, a non-P-gp-related 
resistance mechanism must be assumed; 
three of these patients reached CR (Table 6). 
According to CR rate there was no signifi
cant difference between P-gp positive and 
P-gp negative patients. 

The incidence of P-gp positivity in AML 
patients at primary diagnosis was signifi-

cantly (p < 0.05) lower in comparison with 
AML patients at early relapse or refractori
ness and AML patients at late relapse. Com
pared to AML patients at primary diagnosis 
and patients at early relapse or refractori
ness, a significantly (p < 0.05) increased in
cidence of non-pumping P-gp and a trend 
(p = 0.054) to a higher percentage of non
P-gp-related mechanisms in AML patients at 
late relapse was ascertained. 

ICE (AMl-1 0 Protocol) or ICE-I Protocol Treatment 

Of the 46 AML patients at primary diagnosis 
treated with the ICE scheme of the AML-I0 
protocol or with the ICE-I protocol, seven 
patients showed bright and four patients 
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Table7. Correlation of 4E3.16 staining as measured by the KS statistic (D value) and the percentage of 4E3.16 
positive blasts in 46 AML patients at primary diagnosis treated with ICE (AML-lO-protocol) or ICE-I in cor
relation to complete remission 

4E3.16 Expression by the percentage of positive blasts 

Bright CR Moderate CR Low CR Negative CR 
(>25%) 

4E3.16 Expression 
by KSValue (D) No: 

Bright 
(2': 0.25) 

Moderate 
(0.24-0.15) 

Low 
(0.14-0.05) 

Negative 
«.05 or left shift) 

5 

(25%-10% ) 

No." 

3 

2 

(9%-1%) (0%) 

No: No." 

2 

12 10 7 3 

16 13 

, Number of patients with a particular value from the total number of 46 patients studied. 
b Complete remission is indicated as CR and number (No.) of patients. 

Table 8. Correlation of 4E3.16 staining intensity and R-123 accumulation (ratio value) in 46 AML patients at 
primary diagnosis treated with ICE (AML-10-protocol) or IC in relation to complete remission 

4E3.16 Expression of gated blasts (KS D value) 

Bright CR Moderate CR Low CR Negative CR 
(2' 0.25) (0.24-0.15) (0.14-0.05) «.05 or 

left shift) 

R-123 ratioa No.b No.c No.b No.C No.b No.' No.b No.c 

Ratio 0.85-1.35 2 2 19 11 13 11 
Ratio 6.2-14.5 5 3 4 2 2 2 3 2 

a R-123 accumulation of gated blasts (ratio). 
b Number of patients with a particular value from the total number of 46 patients studied. 
'Complete remission is indicated as CR and number (No.) of patients. 

moderate 4E3.16 staining, which means 24% 
of the ICE- and ICE-I-treated patients had a 
P-gp positive value at primary diagnosis 
(Table 7). Thirty-five (76%) patients were 
analyzed for the category P-gp negative: 19 
had a low and 16 a negative P-gp expression. 
Two (18%) of the eleven P-gp positive pa
tients had non-pumping P-gp, and in eight 
(23%) of the 35 P-gp negative patients a non
P-gp-related resistance mechanism was to 
be considered (Table 8). Of the eleven P-gp 
positive patients, seven (64%) reached CR, 
compared to 26 (74%) of the 35 P-gp nega
tive patients who showed CR. Thus, a predic
tive value of only 36% was determined for 
non-response in P-gp positive patients. Both 
non-pumping P-gp positive patients had 
CR, and of the eight P-gp negative patients 
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with a possible indication of non-P-gp-relat
ed resistance 50 % achieved CR. Compared 
to the P-gp positive AML patients at primary 
diagnosis who were treated with the AML-6 
protocol, the P-gp positive AML patients 
treated with the ICE or ICE-I protocol 
showed a significant difference (p < 0.05) in 
CR rate. There was no significant difference 
between the 21 ICE- and 25 ICE-I-treated P
gp positive patients in relation to CR. 

Follow-Up of ICE- and ICE-I-Treated AML Patients 

Nine of the 26 P-gp negative AML patients at 
primary diagnosis (Table 7), who reached 
CR after ICE (four patients) or ICE-I (five 
patients), developed an early relapse and 



Table 9. Prognostic factors in AML patients according to the AML-6 protocol and the ICE/ICE-I protocol 

CDR/F (P value) according to AML-
6 protocol (136 patients) 

CDR/F (Pvalue) according to ICE 
orICE-1 (46 patients) 

Univariate Multivariate Univariate Multivariate 

Age 0.0027 0.0029 0.0027 0.0025 
P-gp expression" 0.0063 0.0036 0.045 0.052 
R123 Ratio" 0.052 0.048 0.050 0.054 
CD34 positivity" 0.048 0.049 0.038 0.048 
Karyotype: (78 patients) " 
• poor risk 0.046 0.050 0.048 0.051 
• intermediate/good risk 0.051 0.051 0.051 0.050 
Blast cell count" NS NS NS NS 
WBC NS NS NS NS 
LDH NS NS 0.04 NS 
FAB subtype" NS NS NS NS 

CDR Clinical cytostatic drug resistance (survival at day 28 or 32 with >5% 
leukemic blasts in bone marrow). 

F Failure after induction therapy. 
NS Not significant. 
WBC White blood cell count. 
LDH Lactate dehydrogenase. 

Parameters measured in bone marrow. 

further three patients after ICE treatment a 
late relapse. In seven of them a pumping P
gp overexpression was analyzed; five pa
tients had a D value> 0.25 and two a D value 
between 0.15 and 0.24. One of the three late
relapsed patients showed P-gp positivity (D 
:?: 0.25) and non-pumping P-gp. 

Univariate and Multivariate Analysis of 
Prognostic Factors in AML Patients at 
Primary Diagnosis Treated with the AML -6 Protocol 
or the ICElICE-1 Scheme 

In 122 AML patients at primary diagnosis, 
established prognostic factors like age,kar
yotype, blast cell count, leukocyte count 
(WBC), lactate dehydrogenase enzyme 
(LDH) and French-American-British clas
sification (FAB) were weighted with P-gp 
expression, R123 accumulation ratio and 
CD34 expression according to clinical cy
tostatic drug resistance (CDR) and failure 
(F) by using the AML-6 protocol and ICE/ 
ICE-I treatment. In the multivariate analy
sis age, P-gp expression, R123 accumula
tion ratio and CD34 expression as com
pared to the other parameters (Table 9) are 
independent prognostic factors in AML pa
tients treated with the AML-6 protocol. In 
ICE- or ICE-I-treated AML patients an in-

dependent prognostic relevance was deter
mined only for the parameters age and 
CD34 expression, although a trend for P-gp 
(p = 0.051) and R123 accumulation ratio 
(p = 0.054) to influence the treatment re
sponse was established in this patient 
group. 

Discussion 

The present work analyzes the clinical rele
vance of P-glycoprotein expression and its 
function. From our own experience [54,55] 
we preferred to use the MoAb 4E3.16 for P
gp analysis in this study. Furthermore, we 
evaluated P-gp expression by two options, 
namely percentage P-gp blasts and KS statis
tics [40], which generates a D value. The rea
son for the decision to use KS statistic was 
the fact that this method allows accurate 
identification of small differences in floures
cence between test and control cells [46,74]. 
This situation is frequently observed in clin
ical BM samples. Furthermore, the R123 
accumulation test expressed as a ratio 
(with/without verapamil) was used to detect 
the activation or pumping function in P-gp 
positive or P-gp negative blasts. Both meth
ods are necessary to optimally characterize 
the expression and function of P-gp. As al-
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ready known, P-gp transports daunorubi
cin, vincristine and etoposide. Idarubicin, 
which is also an anthracycline, can over
come P-gp-related resistance in vitro and in 
vivo as mentioned in the Introduction sec
tion. However, this fact does not mean that 
idarubicin is not a substrate of P-gp trans
port, as shown by our group [unpubl.]. A 
possible explanation for the efficacy of ida
rubicin in patients with P-gp-related resis
tance might be that idarubicin is strongly 
lipophilic [24]. This aspect must be consid
ered for evaluation of the clinical relevance 
of P-gp expression in leukemic blasts. 

The present work showed no significant 
difference in P-gp expression when using 
the 4E3.16 MoAb within FAB classifications. 
This divergence from our former results [55] 
might be explained by the MoAb C219, 
which was used in this analysis. The signifi
cantly (p < 0.05) increased incidence of 
CD34 expression in P-gp positive AML pa
tients found in this analysis confirms the re
sults of other groups [11, 17,22,40,72]. 

Only two of the 18 AML patients at pri
mary diagnosis with a positive P-gp expres
sion, who had been treated with the AML-6 
protocol, reached CR. Both patients had a 
non-pumping P-gp (Table 2).A similar situ
ation was found in AML patients at early re
lapse or refractoriness (Table 4). Compared 
to AML patients at primary diagnosis and 
early relapse or refractoriness, a significant
ly (p < 0.05) higher incidence of non-pump
ing P-gp in AML patients at late relapse (Ta
ble 6) was demonstrated and a trend to a 
higher percentage of non-P-gp-related 
mechanisms (Table 6) was also shown. An 
explanation for the significant high inci
dence of non-functional P-gp in AML pa
tients at late relapse could be the hypothesis 
that P-gp is not only a marker for so-called 
P-gp-related resistance, but also a marker for 
other resistance mechanisms, or a mutant P
gp is the cause. Concerning non-P-gp-relat
ed resistance mechanisms two possibilities 
have to be discussed. The first one is the al
ternate drug efflux mechanism recently de
scribed as multi drug resistance-associated 
protein (MRP). The 110 kD major vault pro
tein (LRP), which may alter intracellular 
drug redistribution is a further possible 
cause of cytostatic drug resistance. It can be 
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assumed, however, that the methods used in 
this study could not detect the LRP mecha
nism. 

The results of AML patients at primary di
agnosis treated with ICE/ICE-I protocols 
suggest at first view, that it seems to be more 
natural for an idarubicin-containing proto
col to replace future P-gp modulator proto
cols, but our first follow-up observations in
dicate that an induction or noneradication 
of activated P-gp positive blasts after 
I CEil CE-I treatment can occur. A very close 
follow-up is needed to verity these results. 

The multivariate analysis underlines the 
importance of analyzing the P-gp related re
sults concerning the employed protocol in 
order to examine the clinical relevance of an 
activated P-gp overxpression in AML pa
tients. 

The main conclusion to be drawn from 
our results is that we should use methods 
characterizing the quantity and quality of P
gp expression, and that means the compul
sory application of tools defining P-gp ex
pression and its function in order to identify 
a poor prognostic group of AML patients. 
Particularly the determination of P-gp func
tion must be used to discriminate between 
pumping and non-pumping P-gp positivity 
or, in the case of P-gp negativity, to identify 
non-P-gp-related efflux pump mechanisms. 
If a non-P-gp-related mechanism is to be as
sumed, further investigation should follow 
in order to make a contribution toward rec
ognizing the complexity of drug resistance 
in patients. Because P-gp modulators such as 
PSC 833 or cyclosporine A also have a little 
influence on the MRP too, in clinical trials 
which aim to prove the efficacyofP-gp mod
ulators we recommend that non- P-gp-relat
ed patients be included, but analyzed separ
ately. 

References 

1. Abbaszadegan MR, Futscher BW, Klimecki WI, 
List A, Dalton WS (1994) Analysis of multi drug 
resistance associated protein (MRP) messenger 
RNA in normal and malignant hematopoietic 
cells. Cancer Res 54: 4676-4679 

2. Arceci RJ, Stiegliz K, Bras J, Schinkel A, Baas F, 
Croop J (1993) Monoclonal antibody to an ex
ternal epitope of the human mdr1 P glycopro
tein. Cancer Res 53: 310 317 



3. Bartlett NL, Lum BL, Fisher GA, Brophy NA, Eh
san MN, Halsey J; Sikic BI (1994) Phase I trial of 
doxorubicin with cyclosporine as a modulator 
of multidrug resistance. J Clin Oncol12: 835-842 

4. Beck WT, Grogan TM, Willman CL, Cordon
Cardo C, Parham DM, Kuttesch JF, Andreeff M, 
Bates SE, Berard CW, Boyett JM, Brophy NA, 
Broxterman HJ, Chan HSL, Dalton WS, Dietel M, 
Fojo AT, Gascoyne RD, Head D, Houghton PJ, 
Srivastava DK, Lehnert M, Leith CP, Paietta E, 
Pavelic ZP, Rimsza L, Roninson IB, Sikic BI, 
Twentyman PR, Warnke R, Weinstein R (1996) 
Methods to detect P-glycoprotein-associated 
multidrug resistance in patients' tumors: con
sensus recommendations. Cancer Res 56: 3010-
3020 

5. Benson AB, Trump DL, Koeller MI, Olmar EA, 
Witte RS, Tormey DC (1985) Phase I study of 
vinblastine and verapamil given by concurrent 
iv infusion. Cancer Treat Rep 69: 795-799 

6. Berman E, McBride M (1992) Comparative cel
lular pharmacology of daunorubicin and idaru
bicin in human multidrug-resistant leukemia 
cells. Blood 79: 3267 -3273 

7. Bielack S, Bode V, Groebel M, Gutjahr P, Haas R, 
Kuhn N, et al. (1992) Oral idarubicin in pretreat
ed pediatric acute leukemia. Haematol and 
blood transf 43: 486-490 

8. Burger H, Nooter K, Sonneveld P, van Wingerd
en K, Zaman GJR, Stoter G (1994) High expres
sion of the multi drug resistance-associated pro
tein (MRP) in chronic and prolymphocytic leu
kemia. Brit J Haematol88: 348-356 

9. Cairo MS, Siegel S,Anas N, Sender L (1989) Clin
ical trial of continuous infusion verapamil, bo
lus vinblastine, and continuous infusion VP-16 
in drug-resistant pediatric tumors. Cancer Res 
49: 1063-10 

10. Campos L, Guyotat D,Archimbaud E, Calmard
Oriol P, Tsuro T, Troncy J, Treille D, Fiere D 
(1992) Clinical significance of multi drug resis
tance P-glycoprotein expression on acute non
lymphoblastic leukemia cells at diagnosis. 
Blood 79: 473-476 

11. Chaudhary PM, Roninson IB (1991) Expression 
and activity of P-glycoprotein, a multidrug ef
flux pump, in human hematopoietic stem cells. 
Cell 66: 85-94 

12. Chen C,Chin J, Veda K,et al. (1986) Internal du
plication and homology with bacterial trans
port proteins in the mdrl (P glycoprotein) gene 
from multidrug resistant human cells. Cell 47: 
381-389 

13. Chin KV,Pastan I,Gottesman MM (1993) Func
tion and regulation of the human multidrug re
sistance gene. Adv Cancer Res 60: 157-180 

14. Christen RD, McClay EF, Plaxe SC, Yen SS, Kim S, 
Kirmani S, Wilgus LL, Heath DD, Shalinski DR, 
Freddo JL, Braly PS, O'Quigley J, Howell SB 
(1993) Phase IIpharmacokinetic study of high
dose progesterone and doxorubicin. J Clin On
colli: 2417-2426 

15. Cole SPC, Sparks KE, Fraser K, Loe DW, Grant 
CE, Wilson GM, Deeley RG (1994) Pharmaco
logical characterization of multi drug resistant 
MRP-transfected human tumor cells. Cancer 
Res 54: 5902-591 

16. Dalton WS, Grogan TM, Meltzer PS, Scheper RJ, 
Durie BGM, Taylor CW, Miller PT, Salmon SE 
(1989) Drug-resistance in multiple myeloma 
and non-Hodgkin's lymphoma: detection of P
glycoprotein and potential circumvention by 
addition of verapamil to chemotherapy. J Clin 
Oncol7: 415-424 

17. de Boekhorst PA, de Leeuw K, Schoester M, 
Wittebol S, Nooter K, Hagemeijer A, Lowenberg 
B, Sonneveld P (1993) Predominance of func
tional multidrug resistance (MDR-l) pheno
type in CD34+ acute myeloid leukemia cells. 
Blood 82: 3157-3162 

18. Del Poeta G, Stasi R, Venditti A, Suppo G,Aroni
ca G, Bruno A, Masi M, Tabilio A, Papa G (1994) 
Prognostic value of cell marker analysis in de 
novo acute myeloid leukemia. Leukemia 8: 388-
394 

19. Endicott JA, Ling V (1989) The biochemistry of 
P-glycoprotein-mediated multidrug resistance. 
Ann Rev Biochemistry 58: 137-171 

20. Erlichman C, Moore M, Thiessen JJ, Kerr IG, 
Walker S, Goodman P, Bjarnason G, DeAngelis 
S, Bunting P (1993) Phase I pharmacokinetic 
study of cyclosporin A combined with doxoru
bicin. Cancer Res 53: 4837-4842 

21. Flens MJ, Izquierdo MA, Scheffer GL, Fritz JM, 
Meijer CJLM, Scheper RJ, Zaman GJR (1994) 
Immunochemical detection of the multidrug 
resistance associated protein MRP in human 
multidrug resistant tumor cells by monoclonal 
antibodies. Cancer Res 54: 4557 -4563 

22. Geller RB, Zahurak M, Hurwitz CA, Burke PJ, 
Karp JE, Piantadosi S, Civin CI (1990) Prognos
tic importance of immunophenotyping in 
adults with acute myelocytic leukemia: The sig
nificance of the stem-cell glycoprotein CD34 
(MylO). Br J Haematol76: 340-347 

23. Gerlach JH, Endicott JA, Juranka PF et al. (1986) 
Homology between P glycoprotein and a bacte
rial haemolysin transport protein suggests a 
model for multidrug resistance. Nature 324: 
485-489 

24. Gieseler F, Biersack H, Brieden T, Manderscheid 
J, Niissler V (1994) Cytotoxicity of anthracy
clines: correlation with cellular uptake, intracel
lular distribution and DNA binding. Ann Hema
to169: 13-17 

25. Gottesman MM, Pastan I (1993) Biochemistry 
of multidrug resistance mediated by the multi
drug transporter. Ann Rev Biochem 62: 385-427 

26. Grant CE, Valdimarsson G, Hipfner DR, Alm
quist KC, Cole SPC Deeley RG (1994) Overex
pression of multidrug resistance-associated 
protein (MRP) increases resistance to natural 
product drugs. Cancer Res 54: 357 -361 

27. Gros P, Neriah YB, Croop JM, Houseman DE 
(1986) Isolation and expression of a cDNA 
(mdr) that confers multidrug resistance. Nature 
323: 728-731 

28. Gruber A, Vitols S, Norgren S,Arestrom I, Peter
son C, Bjorkholm M, Reizenstein P, Luthman H 
(1992) Quantitative determination of mdrl 
gene expression in leukaemic cells from pa
tients with acute leukaemia. Br J Cancer 66: 266-
272 

441 



29. Hipfner DR, Gauldie SD, Deeley RG, Cole SPC 
(1994) Detection of the Mr 190,000 multidrug 
resistance protein, MRP, with monoclonal anti
bodies. Cancer Res 54: 5788-5792 

30. Holmes J, Jacobs A, Carter G, Janowska Wieczo
rek A, Padua RA (1989) Multidrug resistance in 
haemopoietic cell lines, myelodysplastic syn
dromes and acute myeloblastic leukaemia. Br J 
Haematol 72: 40-44 

31. Hunault M, Zhou D, Delmer A, Ramond S, Viguie 
F, Cadiou M, Perrot J -Y, Levy V, Rio B, Cymbalis
ta F, Zittoun R, Marie J -P (1997) Multidrug resis
tance gene expression in acute myeloid leuke
mia: major prognosis significance for in vivo 
drug resistance to induction treatment. Ann 
Hematol74: 65-71 

32. Ito Y, Tanimoto M, Kumazawa T, Okumura M, 
Morishima Y, Ohno R, Saito H (1989) Increased 
P-glycoprotein expression and multidrug-re
sistant gene (mdrl) amplification are infre
quently found in fresh acute leukemia cells. Se
quential analysis of 15 cases at initial presenta
tion and relapsed stage. Cancer 63: 1534-1538 

33. Izquierdo MA, Scheffer GL, Flens MJ, Schroeij
ers AB, van der Kalk P, Scheper RJ (1996) Major 
vault protein LRP-related multidrug resistance. 
Eur J of Cancer 6: 979-984 

34. Jones RD, Kerr DJ, Harnett AN, Rankin EM, Ray 
S, Kaye SB (1990) A pilot study of quinidine and 
epirubicin in the treatment of advanced breast 
cancer. Br J Cancer 62: l33-l35 

35. Keating MJ, Cork A, Broach Y, Smith T, Walters 
RS, McCredie KB, Trujillo J, Freireich EJ (1987) 
Toward a clinically relevant cytogenetic classifi
cation of acute myelogenous leukemia. Leuke
mia Res 11: 119-l33 

36. Krishnamachary N, Liangdong M, Zheng L, Safa 
AR,Center MS (1994) Analysis ofMRP gene ex
pression and function in HL60 cells isolated for 
resistance to adriamycin. Oncology Res 3: 119-
127 

37. Kruth GD, Chan A, Myers K,Gaughan K,Miki T, 
Aaronson SA (1994) Expression complemen
tary DNA library transfer establishes mrp as a 
multidrug resistance gene. Cancer Res 54: 1649-
1652 

38. Kuffel MJ,Ames MM (1995) Comparative resis
tance of idarubicin, doxorubicin and their C-l3 
alcohol metabolites in human MDRI transfect
ed NIH-3T3 Cells. Cancer Chemother Pharma
col 36: 223-226 

39. Kuwazuru Y, Yoishimura A, Hanada S, Utsuno
miya A, Makino T, Ishibashi K, Kodama M, Iwa
hashi M,Arima T,Akiyama S (1990) Expression 
of the multidrug transporter, P-glycoprotein, in 
acute leukemia cells and correlation to clinical 
drug resistance. Cancer 66: 868-873 

40. Leith CP, Chen 1M, Kopecky KJ, Appelbaum FR, 
Head DR, Godwin JE, Weick JK, Willman CL 
(1995) Correlation of multidrug resistance 
(MDRl) protein expression with functional 
dye/drug efflux in acute myeloid leikemia by 
multiparameter flow cytometry: identification 
of discordant MDR /efflux+ and MDR+/efflux 
cases. Blood 86: 2329-2342 

41. Linn SC, van Kalken CK, van Tellingen 0, van 
der Valk P, van Groeningen CJ, Kuiper CM, Pine-

442 

do HM, Giaccone G (1994) Clinical and phar
macologic study of multidrug resistance rever
sal with vinblastine and bepridil. J Clin Oncol 
12:812-819 

42. List AF, Spier C, Greer J, Wolff S, Hutter J, Dorr R, 
Salmon S, Baier M, Dalton W (1993) Phase 1111 
trial of cyclosporine as a chemotherapy-resis
tance modifier in acute leukemia. J Clin Oncol 
11: 1652-1660 

43. Lum BL, Kaubisch S, Yahanda AM, Adler KM, 
Jew L, Ehsan MN, Brophy NA, Halsey J, Gosland 
MP, Sikic BI (1992) Alteration of etoposide phar
macokinetics and pharmacodynamics by cyclo
sporine in a Phase I trial to modulate multi drug 
resistance.J Clin OncollO: 1635-1642 

44. Marie JP, Bastie IN, Coloma F, Faussat Suberville 
AM, Delmer A, Rio B, Delmas-Marsalet B, Le
roux G, Casas sus P, Baumelou E, Catalin J, Zit
toun R (1993) Cyclosporin A as a modifier agent 
in the salvage treatment of acute leukemia (AL). 
Leukemia 7: 821-824 

45. Marie JP, Zittoun R, Sikic BI (1991) Multidrug 
resistance (mdr1) gene expression in adult leu
kemia: correlation with treatment outcome and 
in vitro drug sensitivity. Blood 78: 586-592 

46. Maslak P, Hegewisch Becker S, Godfrey I, An
dreeffM (1994) Flow cytometric determination 
of the multidrug resistant phenotype in acute 
leukemia. Cytometry 17: 84-93 

47. Michieli M, Damiani D, Geromin A, Michelutti 
A, Fanin R, Raspadori D, Russo D, Visani G, Di
nota A, Pileri S, et al (1992) Overexpression of 
multidrug resistance-associated p 170-glyco
protein in acute non-lymphocytic leukemia. 
Eur-J-HaematoI.48: 87-92 

48. Miller RL, Bukowski RM, Budd GT, Purvis J, 
Weick JK, Shepard K, Ganapathi R (1988) Clini
cal modulation of doxorubicin resistance by the 
calmodulin-inhibitor, trifluoperazine: a Phase 
1111 trial. J Clin Oncol6: 880-888 

49. Miller TP, Grogan TM, Dalton WS, Spier CM, 
Scheper RJ, Salmon SE (1991) P-glycoprotein 
expression in malignant lymphoma and rever
sal of clinical drug resistance with chemothera
pyplus high-dose verapamil.J Clin Oncol9: 17-
24 

50. Miwa H, Kita K, Nishii K, Morita N, Takakura N, 
Ohishi K, Mahmud N, Kageyama S, Fukumoto 
M, Shirakawa S (1993) Expression of MDR1 
gene in acute leukemia cells: association with 
CD7+ acute myeloblastic leukemia/acute lym
phoblastic leukemia. Blood 82: 3445-3451 

51. Muller MR, Lennartz K, Boogen C, Nowrousian 
MR, Rajewski MF, Seeber S (1992) Cytotoxicity 
of adriamycin, idarubicin, and vincristine in 
acute myeloid leukemia: Chemosensitization by 
verapamil in relation to P-glycoprotein expres
sion.Ann Hematol65: 206-212 

52. Musto P, Melillo L, Lombardi G, Matera R, Di 
Giorgio G, Carotenuto M (1991) High risk of 
early resistant relapse for leukemic patients 
with presence of multi drug resistance associat
ed P glycoprotein positive cells in complete re
mission. Br J Haematol77: 50-53 

53. Noonan KE, Beck C, Holzmayer TA, Chin JE, 
Wunder JS, Andrulis IL, Gazdar AF, Willman CL, 
Griffith B, Von Hoff DD, et al (1990) Quantitative 



analysis of MDRI (multidrug resistance) gene 
expression in human tumors by polymerase 
chain reaction. Proc Nat! Acad Sci USA 87: 
7160-7164 

54. Niissler V, Gieseler F, Zwierzina H, Gullis E, Pel
ka-Fleischer R, Diem H, Abenhardt W, Schmitt 
R, Langenmayer I, Wohlrab A, Kolb HJ, Wil
manns W (1997) Idarubicin monotherapy in 
multiply pretreated leukemia patients: response 
in relation to P-glycoprotein expression. Ann. 
Hematol. 74: 57-64 

55. Niissler V, Pelka Fleischer R, Zwierzina H, Nerl 
C, Beckert B, Gieseler F, Diem H, Ledderose G, 
Gullis E, Sauer H, Wilmanns W (1996) P glyco
protein expression in patients with acute leuke
mia clinical relevance. Leukemia 10: Suppl. 23-
31 

56. Niissler V, Scheulen ME, Oberneder R, Krieg
mair M, Goebel KJ, Rathgeb F, Wurst W, Zech K, 
Wilmanns W (1997) Phase I and pharmacoki
netic study of the P-glycoprotein modulator 
Dexniguldipine-HCL. Eur J Med Res 2: 55-61 

57. Ozols RF, Cunnion RE, Klecker RW Jr, Hamilton 
TC, Ostchega Y, Young RC (1987) Verapamil and 
adriamycin in the treatment of drug-resistant 
ovarian cancer patients. J Clin Oncol5: 641-647 

58. Pirker R, Wallner J, Geissler K, Linkesch W, Haas 
OA, Bettelheim P, Hopfner M, Scherrer R, Valent 
P,Havelec L et al. (1991) MDR1 gene expression 
and treatment outcome in acute myeloid leuke
mia. J Nat! Cancer Inst 83: 708-712 

59. Presant CA, Kennedy PS, Wiseman C, Gala K., 
Bouzaglou A., Wyres M (1986) Verapamil rever
sal of clinical doxorubicin resistance in human 
cancer. A Wiltshire Oncology Medical Group pi
lot Phase I-II study. Am J Clin Oncol9: 355-357 

60. Salmon SE, Dalton WS, Grogan TM, Plezia P, 
Lehnert M, Roe DJ, Miller TP (1991) Multidrug
resistant myeloma: laboratory and clinical ef
fects of verapamil asa chemosensitizer. Blood 
78: 44-50 

61. Samuels BL, Mick R, Vogelzang NJ, Williams SF, 
Schilsky RL, Safa AR, Ratain MJ (1993) Modula
tion of vinblastine resistance with cyc1osporine: 
a Phase I study. Clin. Pharm. Ther. 54: 421-429 

62. Scheffer GL, Wijngaard PLJ, Flens MJ et al. 
(1995) The drug resistance-related protein LRP 
is the human major vault protection. Nature 
Med 1: 578-582 

63. Scheper JR, BroxtermanHJ, Scheffer GL et al. 
(1993) Overexpression of a Mr 11 0,000 vesicular 
protein in non-P-glycoprotein-mediated multi
drug resistance. Cancer Res 53: 1475-1479 

64. Schuurhuis GJ, Broxterman HJ, Ossenkoppele 
GJ, Baak JPA, Eekman CA, Kiper CM, Feller N, 
van Heijnigen THM, Klumper E, Pieters R, Lan
kelma J, Pinedo HM (1995) Functional multi
drug resistance phenotype associated with 
combined overexpression of P-gp/MRP togeth
er with 1 B D arabinofuranosylcytosine sensi
tivity may myeloid leukemia.Clin Cancer Res 1: 
81-93 

65. Slapak ChA, Fracasso PM, Martell RL, Topp
meyer DL, Lecerf J-M, Levy SB (1994) Overex
pression of the multi drug resistance-associated 
protein (MRP) gene in vincristine but not doxo-

rubicin-selected multidrug-resistant murine 
erythroleukemia cells. Cancer Res 54: 5607-
56l3. 

66. Solary E, Caillot D, Chauffert B, Casasnovas RO, 
Dumas M, Maynadie M (1992) Feasibility of us
ing quinine, a potential multidrug resistance
reversing agent, in combination with mitoxan
trone and cytarabine for the treatment of acute 
leukemia. J Clin Oncol1 0: 1730-1736 

67. Sonneveld P, Durie BG, Lokhorst HM, Marie JP, 
Solbu G, Suciu S, Lowenberg B,Nooter K (1992) 
Modulation of multidrug-resistant multiple 
myeloma by cyclosporin A. The Leukaemia 
Group of the EORTC and the HOVON. Lancet 
340: 255-259 

68. Tidefelt U, Sundman-Engbert B, Paul Ch (1994) 
Comparison of the intracellular pharmaceuti
netics of daunorubicin and idarubicin in pa
tients with acute leukemia. Leukemia Res 18: 
293-297 

69. Tiirikainen MI, Elonen E, Ruutu T, Jansson SE, 
Krusius T (1993) Clinical significance of P-gly
coprotein expression in acute leukaemia as ana
lysed by immunocytochemistry. Eur-J-Haema
to150: 279-85 

70. Toffoli G, Simone F, Gigante M, Boiocchi M 
(1994) Comparison of mechanisms responsible 
for resistance to idarubicin and daunorubicin in 
multi drug resistant Lo Vo Cell Lines. Biochem 
Pharmacol 10: 1871-1881 

71. Trump DL, Smith DC, Ellis PG, Rogers MP, 
Schold SC, Winer EP, Jordan VC, Fine RL (1992) 
High-dose oral tamoxifen, a potential multi
drug-resistance-reversal agent: Phase I trial in 
combination with vinblastine. J Nat! Cancer Inst 
84: 1811-1816 

72. Willman CL, Kopecky K, Griffith B (1991) Multi
parameter analysis of the expression of the mul
tidrug resistance genes mdr1 and mdr2 (mdr3) 
in de novo AML by polymerase chain reaction 
in multicolor flow crtometry: Identification of a 
biological subset 0 CD-34+ AML cases. Blood 
78 (suppl): 172A 

73. Wood P, Burgess R,MacGregor A, Yin JAL (1994) 
P glycoprotein expression on acute myeloid leu
kemia blast cells at diagnosis predicts response 
to chemotherapy and survival. Br J Haematol 
87: 509-514 

74. Young IT (1977) Proof without prejudice: Use of 
the Kolmogorov Smirnov test for the analysis of 
histograms from flow systems and other sourc
es. J Histochem Cytochem 25: 935-941 

75. Zaman GJR, Flens MJ, van Leusden MR et al. 
(1994) The human multidrug resistance-asso
ciated protein MRP is a plasma membrane 
drug-efflux pump. Proc Nat! Acad Sci USA 91: 
8822-8826 

76. Zhou DC, Marie JP, Suberville AM, Zittoun R 
(1992) Relevance of mdrl gene expression in 
acute myeloid leukemia and comparison of dif
ferent diagnostic methods. Leukemia 6: 879-885 

77. Zochbauer S, Gsur A, Brunner R, Kryle PA, Lech
ner K, Pirker R (1994) P-glycoprotein expres
sion as unfavorable prognostic factor in acute 
myeloid leukemia. Leukemia 8: 974-977 

443 



Acute Leukemias VII 
Experimental Approaches and Novel Therapies 
Hiddemann et al. (eds) 
© Springer-Verlag Berlin Heidelberg 1998 

In Acute Myeloid Leukemia only the Coexpression of at Least Two 
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Abstract 

Purpose. Determination of the potential re
sistance markers P-glycoprotein (Pgp), the 
multidrug resistance-related protein (MRP), 
bcl-2,mutant p53 and the heat shock protein 
27 (HSP27) in myeloid blasts for patients 
with de novo acute myeloid leukemia (AML) 
at the time of diagnosis. Evaluation whether 
these proteins alone or in combination are 
predictive for the response to induction 
chemotherapy with cytosine arabinoside 
(ara-C) idarubicin (AIDA). 

Patients and Methods. The pattern of these 
patients were determined in 20 non-re
sponders (BP) and compared to 20 patients 
with complete remission (CR). Pgp and 
MRP were determined by flow cytometry, 
bcl-2 and HSP27 by Western blotting and 
mutant p53 by single-strand conformation 
polymorphism analysis and luminometric 
immunoassay. The response to two courses 
of induction chemotherapy with AIDA (12 
mg/m2/d idarubicin i.v., day 1-3; 100 mg/m2 

ara-C i.v. bolus injection, day 2, immediately 
followed by 200 mg/m2/d ara-C 24 h-contin
uous i.v. infusion, day 2-6) was defined by 
the criteria of the National Cancer Institute
sponsored workshop. 

Results. There was no significant correlation 
between any of these proteins alone and 
treatment outcome. In contrast, a significant 
correlation between the coexpression of at 

least two of these proteins and response (p = 
0.0298) was found which turned out to be a 
significant independent prognostic factor 
(p = 0.0329, relative risk = 1.5) in a multivar
iate analysis. 

Conclusions. We conclude that drug resis
tance in AML is multifactorial and that the 
coexpression of different resistance mecha
nisms may be responsible for the primary 
drug resistance in de novo AML. 

Introduction 

Drug resistance is the major limitation in the 
cytotoxic treatment of AML, which may be 
present at the time of initial presentation (de 
novo resistance) or may occur during the 
course of treatment and relapse (acquired 
resistance) [1]. Treatment outcome can be 
affected by a number of host related charac
teristics such as age, karyotype and immu
nophenotype or by intrinsic biological 
mechanisms of resistance [2,3]. 

Although several recent studies have indi
cated the clinical relevance of P-gylcoprotein 
(Pgp) associated multidrug resistance 
(MDR) in both newly diagnosed and pre
treated AML, the correlation between Pgp 
gene expression and clinical drug resistance 
remains controversial and is not yet defini
tivelyestablished [4-9]. It has been suggested 
that alternative, non-Pgp-mediated mecha
nisms of drug resistance exist [10]. These 

1 Department of Internal Medicine (Cancer Research), 2 Institute of Immunology, and 3 Department of 
Hematology, University of Essen Medical School, D-45122 Essen, Germany 

444 



mechanisms include the (over )expression of 
other drug transporters such as MRP (mul
tidrug resistance-associated protein) and 
LRP (lung resistance-related protein) which 
have been found to correlate with poor re
sponse to chemotherapy in drug resistant 
acute and chronic leukemias [11-13]. 

More recently, decreased apoptosis in
cluding alterations in the tumor suppressor 
gene p53 and the overexpression of the on
coprotein bcl-2 as well as the expression of 
heat shock proteins (HSPs) have been asso
ciated with drug resistance in hematologic 
malignancies [14-16]. Whether all these 
mechanisms also contricute to clinical drug 
resistance still remains to be determined. 

Although drug resistance in AML appears 
to be multifactorial in the clinical setting, 
studies on coexpression and the association 
between the various drug resistance genes 
and response to chemotherapy are rare 
[17-19]. 

Therefore we analyzed the expression of 
different proteins which possibly contribute 
to drug resistance such as Pgp, MRP, bcl-2, 
mutant p53 and HSPs in myeloid blasts of 
patients with de novo AML before induction 
chemotherapy. It was the purpose of the 
study to determine whether these proteins 
alone or in combination are predictive vari
ables for response to induction chemothera
py with cytosine arabinoside and idarubi-

Table 1. Patient's characteristics 

Age 
Sex 

FAB 
-MO 
-Ml 
-M2 
-M3 
-M4 
-M5 
-M6,M7 

LDH(U/l) 
WBC/nl 

Karyotype 
Favorable 
Intermediate 
Unfavorable 
n.d. 

(years: median/range) 
(female/male) 

(median/range) 
(medianlrange) 

n.d.: not determined; WBC: white blood cells. 

cin. Thus, the pattern of resistance markers 
in 20 non-responders were compared to 
those of 20 complete responders. 

Patients and Methods 

Patients 

Patient characteristics at the time of entry 
into the study are summarized in Table 1. 
The data were correlated with the remission 
status after the first two induction therapies 
with cytosine arabinoside (ara-C) and ida
rubicin (AIDA) [20,21]. The treatment con
sisted of 12 mg/m2/d idarubicin i.v., day 1-3; 
100 mg/m2 ara-C i.v. bolus injection, day 2, 
immediately followed by 200 mg/m2/d ara-C 
24 h-continuous i.v. infusion, day 2-6. The 
remission status after chemotherapy was 
evaluated as complete remission (CR) and 
blast peristence (BP) according to the crite
ria of the National Cancer Institute-spon
sored workshop on definitions of diagnosis 
and response in AML [22]. 

Karyotype Analysis 

Karyotype analysis was performed on aspi
rated heparinized bone marrow cells as pre
viously described [23]. 

CR BP 

44(21-64) 46 (19-68) 
1119 10/10 

1 
4 5 
8 5 

7 7 
1 3 

534 (244-1650) 533 (124-6100) 
29 (2-152) 32 (5-160) 

1 
17 11 
2 6 
1 2 
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Preparation of Myeloid Blasts 

Bone marrow aspirated containing more 
than 80% myeloid blasts were collected from 
about 100 AML patients at their initial pres
entation and separated by Ficoll-Hypaque 
gradient centrifugation (Nycomed, Oslo, 
Norway). The cellular protein, DNA and vi
able cells were immediately prepared and 
stored under the respective conditions as 
detailed in the method section. According to 
systemic validation experiments there was 
no difference in protein expression in all as
says used when the results from previously 
long-term frozen cells or protein were com
pared to those obtained in fresh material as 
determined in ten bone marrow samples 
from normal donors and five AML patients. 

When clinical data concerning treatment 
outcome after two cycles of induction chem
otherapywere available, the pattern of resis
tance markers from the first consecutive 20 
non-responders were compared to those of 
20 patients with CR. 

Flow Cytometry (Pgp and MRP) 

Flow cytometry was performed with viable 
cells which were stored under nitrogen. De
tection for Pgp was performed by incuba
tion of myeloid blasts (1 X 106 cells/lOO /-11) 
with 1 ml PBS containing 1 /-1g MRK16 (Sy
rinx, Frankfurt, Germany) for 60 min at 
4°C, washing and subsequent incubation 
with 2 /-1g FITC-conjugated goat antimouse 
IgG (GAM, Becton Dickinson, Germany) 
for 60 min at 4°C. MrP detection: myeloid 
blasts (1 X 106 cellsfl 00 /-11) were washed 
once with PBS, pelleted, and fixed with 
0.4% paraformaldehyde in PBS for 2 min at 
4°C, washed with PBS containing 1 % BSA, 
0.09% azide, and permeabilized in 500 /-11 
ice-cold methanol/acetone (1:1, v:v). This 
mixture was then incubated on ice for 15 
min and washed twice with PBS plus azide 
before adding 1 /-1g MRP antibody (Syrinx, 
Frankfurt, Germany). After incubation for 
15 min at room temperature the cells were 
centrifuged, resuspended in PBS and fur
ther incubated with 2 /-1g FITC-conjugated 
goat antimouse IgG (GAM, Becton Dickin
son, Heidelberg, Germany) for 15 min at 
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room temperature followed bywashing.and 
resuspension in PBS. A mouse antihuman 
IgGI for MRP (Coulter, Krefeld, Germany) 
and IgG2a (MRKI6) antibody served as 
negative controls in all experiments. After 
appropriate gating, intracellular fluores
cence was determined in 15000 cells per 
sample using an EPICS XL flow cytometer 
( Coulter, Krefeld, Germany). 

Cell Homogenization and Protein-Isolation 

Myeloid blasts (1 X 107) were suspended in 
150/-11 PBS buffer (NaCl: 148 mM; NazHP04: 

6.4 mM; KCl: 2.7 mM; KHzP04: 1.5 mM, pH 
7.2) and disrupted by sonication for 6 X 10 s 
(30 W, sonifier B-12; Branson Sonic Power 
Company, Danbury, CT, U.S.A.). Complete 
cell breakage was assessed by light micros
copy. In order to avoid proteolytic inactiva
tion, 12 mM EDTA, 100 /-1g/ml PM SF and 
1 mM dithiothreitol were added. Disrupted 
cells were centrifuged at 20 000 g for 30 min 
at 4 °C (EBA 12 R, Hettich, Tuttlingen, Ger
many). 

Western Blot (bcl-2 and HSP27) 

Protein (20-40 /-1g) was separated on a 12.5% 
SDS-gel and subsequently transferred to 
nitrocellulose. Nonspecific binding was 
blocked by 5% non-fat milk in PBS buffer. 
Immunoblotting was performed with 5 
/-1g/ml monoclonal mouse anti-human anti
body (HSP27: Biomol, Germany; bcl-2: 
DAKO, Hamburg, Germany) and a subse
quent incubation with horseadish peroxi
dase (HRP) conjugated goat anti-mouse IgG 
(dilution 1:1000). HSP27 and bcl-2 were de
termined by using the ECL system supplied 
by Amersham (Braunschweig, Germany). 

Luminometric Immunoassay (pS3) 

The sandwich-type luminometric immu
noassay (LIA) for quantitative measuring of 
mutant and wild-type p53 protein in ho
mogenized cells has been described else
where in detail [24]. In brief, two monoclo
nal anti-p53 antibodies named Pab 1801 and 



DOl were used for immobilization and de
tection of p53,respectively. These antibodies 
are directed against two different N-termi
nal constant and denaturation-resistant epi
topes. For luminometric detection the DO 1 
antibody is conjugated with aminobutyleth
ylisoluminol (ABEl). The assay was standar
dised using pure soluble recombinant wild
type human p53 protein isolated from bacte
ria. For measurement of luminescence a 
Berthold luminometer (Wildbad, Germany) 
and the LIA-mat starter service kit (Byk
Sangtec, Diezenbach, Germany) were used. 
The concentration of p53 protein was ex
pressed in ng/ml cell lysate protein. The 
standard curve was calculated with a curve
fitting programme (spline smooth Multi
cale, Wallace OY, Turku, Finland), the p53 
content (ng/ml) was determined per RLU 
(relative light unit). The detection limit 
(zero standard + 3 standard deviations) was 
approximated to be 0.01 ng/ml. 

Evaluation of p53 Gene Mutations 

1. Amplification of p53 exons 5-6,7 and 8-9 
by polymerase chain reaction (PCR): Isola
tion of genomic DNA using phenol/chloro
form extraction and amplification of p53 ex
ons 5-6,7,8-9 by PCR was performed as pre
viously described [25]. 
2. Single-strand conformation polymor
phism (SSCP): PCR products (8 f.LI) 
were mixed with 3 f.LI sample buffer contain
ing 20 mM EDTA, 0.05% bromophenol blue, 
0.05% xylene xyanol, 3% Ficoll and forma
mide. This mixture was heated at 95°C 
for 2 min, chilled on ice and loaded on a 
6% neutral polyarcylamide gel [MDE (muta
tion detection enhancement) gel solution] 
containing 90 mM Tris-borate and 2 mM 
EDTA. After electrophoresis at 550 V for 
16 h, DNA was visualized by silver staining. 
p53 mutations were detected due to aty
pical DNA banding pattern using PCR 
products from healthy donors as reference. 

Statistical Analysis 

Correlation between the expression and co
expression of gene products and treatment 

outcome in terms of response was assessed 
by the chi -squared test. Multivariate analysis 
was performed with the simultaneous re
gression method by means of the "stepwise 
proportional hazards general linear model 
procedure". One-way-analysis of variance 
(One-way Anova) followed by Bonferroni's 
post test for multiple comparisons were 
used to compare p53 amounts in normal do
nors and AML patients. 

Results 

Patients 

We studied 40 AML patients (20 non-re
sponders and 20 CR-patients) with de novo 
AML before induction chemotherapy. Pa
tients' characteristics are given in Table 1. 
The karyotype could be determined in 37 
patients. In the group of responders 16 pa
tients had an intermediate karyotype [nor
mal (n = 14); +7, 11q-, 1q+ (n = 1 each)] and 
in two patients the karyotype was character
ized as unfavorable [t(8;21), 9q-], (+8, 9q-] 
(n = 1 each). One favorable karyotype 
(inv16) and 11 intermediate karyotype [nor
mal (n = 11)] were found in 12 BP patients 
and six patients had an unfavorable karyo
type [multiple abnormalities (n = 4), -7, 
t(10;11) (n = 1 each)]. 

Expression of Different Proteins 

The expression of the various proteins stud
ied is shown in Table 2. The amount ofPgp or 
MRP measured by flow cytometry higher 
than 15% was determined as positive. With 
this cut-off point, the application of curve fit
ting and substraction analysis revealed Pgp 
expression in 8/20 patients with CR (40%) 
and in 13/20 patients with BP (65%).MRP ex
pression was detected in 4/20 patients with 
CR (20%) and in 9/20 patients with BP (45%). 

bc/-2 Expression. When patients were strati
fied for basic bcl-2 expression as found in 
normal donors and overexpression ofbcl-2, 
10/20 patients with CR (50%) versus 12/20 
with BP (60%) were found to have an overex
pression ofbcl-2. 
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Table 2.Expression of Pgp, MRP, bcl-2, mutant p53 and HSP27 in AML patients (n = 40) 

DenovoAML 
- with complete response (CR) 
- with blast persistence (BP) 

Number of 
patients 

40 
20 
20 

Evaluation of Mutant and Wi/d-Type p53 Pro
tein. AML patients were first stratified with 
regard to the absence and presence of p53 
mutations as analyzed by single-strand con
formation polymorphism (SSCP). Muta
tions could only be detected in 2/20 patients 
with CR (10%) (one patient with a mutation 
in exon 7, one patient with a mutation in 
exon 8/9) and 1/20 patients having a BP (5%) 
(mutation in exon 7). 

Figure 1 gives a more detailed analysis of 
p53 expression. AML patients were stratified 
with regard to treatment response (CR+, 
BP+,n =20 each,respectively) after two cycles 
of induction chemotherapy and the presence 
(M+; n = 3) or absence (M-; n = 37) of p53 
mutations at the time of diagnosis. The con
centration of p53 in three patients with a mu
tation in exon 7 (p53: 20.5 and 22 ng/ml) and 
exon 8/9 (p53: 3.5 ng/ml) was 2 to 20-fold 
higher than in 37 patients without any muta
tion detected (p53: 0.125-1.7 ng/ml). 

Furthermore, one-way-analysis of vari
ance (One-way Anova) followed by 
Bonferroni's post test for multiple compari
sons were used to compare 37 AML patients 
without p53 mutations with p53 values es
tablished for bone marrow and peripheral 
cells or tissue from normal donors (p53: 0.18 
± 0.14 ng/ml, range: 0.01-0.38 ng/ml, as de
termined by Borg et aI., 1995 and our group) 
[34]. The test revealed significant differenc
es in p53 concentrations when values for do
nors were compared with AML CR+/M
(p < 0.001) or AML BP+/M - (p = < 0.001). 
No differences were obtained when both 
AML groups were compared with each 
other. 

HSP27 expression: HSP27 is not detected 
in bone marrow cells from normal blood do
nors as studied by Western blot analysis. Six 
out of 20 patients with CR (30%) and 10/20 
patients with BP (50%) were shown to be 
positive for HSP27. 
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PgP 
8 (40) 

13 (65) 

30 

25 

20 

E 15 

~ 10 

~ 5 

3 

2 

Number of patients (%) with 
protein expression for 

MRP 
4 (20) 
9 (45) 

.... 

bcl-2 
10 (50) 
12 (60) 

mup53 
2 (10) 
1 (5) 

... 
.... ..~ .. 

HSP28 
6 (30) 

10 (50) 

..... . 
O~~~--------~~------

CR+/M-CR+/M+ BP+/M- BP+/M+ 
Fig. 1. Results from 40 myeloid blast lysates from un
treated AML patients were stratified with regard to 
treatment response (CR+: complete remission, n = 
20; BP+: blast persistance, n = 20) after the first two 
cycles of induction chemotherapy and the presence 
(M+; n = 3) or absence (M-; n = 27) ofp53 mutations 
at the time of diagnosis. One-way-analysis of vari
ance (One-way Anova) followed by Bonferroni's 
post test for multiple comparisons revealed signifi
cant differences when basal values in cells and tissue 
from normal donors (p53: 0.18 ± 0.14 ng/ml, range: 
0.01-0.38) were compared with CR+/M- (p < 0.001) 
or BP+M- (p < 0.001). No differences were obtained 
when both AML groups were compared 

Univariate Analysis for Prognostic Variables 

For the following analysis, all parameters, 
including patients' charcteristics and the ex
pression of different proteins, were evaluat
ed comparing patients who achieved a com
plete remission with patients who had a 
blast persistence. The predictive values of 
the respective variables prognostic for re
sponse to induction chemotherapy are listed 
in Table 3. There was no significant associa
tion between any of the factors studies and 
response to induction therapy. However, 
when patients were analyzed for the expres
sion of at least two different proteins and 
treatment outcome, coexpression was found 



Table 3. Relationship between prognostic variables, 
protein expression and treatment outcome 

PgP 
MRP 
bcl-2 
Mutantp53 
HSP-27 

Coexpression 2': 2 

Age 
Sex 
FAB 
WBC 
% Blasts in bone marrow 
LDH 
Karyotype 

Univariate 
analysis 

0.1028 
0.1007 
0.3798 
0.8231 
0.2507 

0.0298 

0.0778 
0.5814 
0.5012 
0.0796 
0.5957 
0.6109 
0.9923 

Multivariate 
analysis 

0.8514 
0.4141 
0.4084 
0.3644 
0.8068 

0.0329 

0.0626 
0.7009 
0.4615 
0.0583 
0.5714 
0.6347 
0.7653 

to be a significant prognostic factor (p == 
0.0298). 

(oexpression of Pgp, MRP, bcl-e, Mutant p53 
and HSP27 

The different patterns of coexpression of the 
respective proteins in AML patients accord
ing to the remission status is detailed in Ta-

ble 4. As indicated in section A, 17120 pa
tients with a BP (85%) showed a multifacto
rial resistance resulting in the coexpression 
of four proteins (n = 2), three proteins (n == 
6), and two proteins (n = 9), respectively. In 
contrast, only 8120 patients in CR (40%) dis
played a co expression of three or four differ
ent proteins (n == 3 each) and two proteins (n 
== 2), respectively. Interestingly, relapses oc
curred in five out of eight patients coexpres
sion two proteins or more within 6 months 
in contrast to only two out of 11 patients 
without coexpression. 

When AML patients were analyzed ac
cording to the coexpression of these pro
teins in a multivariate model including host
related characteristics, the coexpression of 
at least two of these proteins turned out to be 
a significant independent prognostic factor 
for treatment failure (p == 0.0329, relative risk 
== l.5) (Table 3). 

Discussion 

The clinical resistance of malignant cells 
against cytotoxic drugs is supposed to be si
multaneously caused by multiple mecha-

Table 4. Co expression of different proteins in AML according to response 

A) Blast persistence (BP),coexpressions in 17/20 patients (85%) 

No. of co ex- PgP MRP bcl-2 mup53 HSP-27 n 
pressed 
proteins 

4 + + + + 2 

3 + + + 2 
3 + + + 2 
3 + + + 1 
3 + + + 1 

2 + + 4 
2 + + 2 
2 + + 2 
2 + + 1 

B) Complete remission (CR), co expressions in 8/20 patients (40%) 

4 + + + + 1 
4 + + + + 1 
4 + + + + 1 

3 + + + 1 
3 + + + 2 

2 + + 
2 + + 
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nisms in the majority of cases. Up to now, a 
number of different gene products including 
Pgp, MRP, LRP, bcl-2, p53, HSPs, topoisome
rase II and glutathione-S-transferase (GST) 
have been indicted to be causative in AML. 
The contribution of these proteins to drug 
resistance still has to be investigated in more 
detail and, furthermore, their coexpression 
and possible interaction has to be elucidated. 

Here we demonstrate by the analysis of 
various gene products possibily responsible 
for drug resistance, such as Pgp, MRP, bcl-2, 
p53 and HSP27, that no single gene product 
was of significant prognostic value with re
spect to treatment outcome in AML when all 
responders were compared to nonrespond
ers. In contrast, the co expression of at least 
two of these gene products was significantly 
predictive for the clinical outcome of these 
patients. Thus, our results indicate that drug 
resistance is multifactorial in AML. 

Univariate Analysis 

Although Pgp overexpression remains a 
good predictive factor for clinical resistance 
against daunorobicin-containing chemo
therapy of patients withAML [4,5,6,9] a va
riety of studies reported a number of pa
tients with AML refractory to chemotherapy 
not expressing the MDRJ gene. Further
more, a consensus conclusion on the prog
nostic significance of Pgp is hampered by 
the fact that the methods for its determina
tion as well as sample preparation and fuca
tion are not standardized [26]. Although a 
conclusive evaluation is still pending, the re
sults of a number of studies demonstrated a 
prognostic significance for the drug trans
porter MRP in AML as well as a variety of 
other human malignancies [l3, 27, 28]. In 
our study, when analyzed a single factors, 
neither Pgp nor MRP was predictive for 
treatment outcome in AML patients treated 
with an induction chemotherapy regimen 
containing the anthracycline idarubicin in
stead of daunorubicin. Induction chemo
therapy with two AIDA courses has pro
duced significantly higher CR rates in the 
range of70 to 80% as compared to the induc
tion chemotherapy with daunorubicin and 
ara-C in three randomized studies [29-31] 
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and we have achieved a CR rate of about 70% 
on the basis of 100 patients which is in agree
ment with the results preliminary reported 
in a smaller group of patients [21]. The high
er efficacy of idarubicin in comparison to 
daunorubicin has been attributed to the 
finding that it is a less suitable substrate for 
Pgp [32]. However, its major metabolite 
idarubicinol which in contrast to daunoru
bicinol has about the same cytotoxicity as its 
mother compound [33] turned out to be a 
Pgp-dependent anthracycline [34]. Further
more, clinical outcome in patients with AML 
treated with the AIDA regimen was signifi
cantly dependent on the cellular uptake of 
idarubicinol in myeloid blasts in vivo [35]. 

The expression of gene products involved 
in the inhibition of apoptosis such as p53 
and bcl-2 have become more and more im
portant in the discussion of treatment fail
ure in AML. Variable levels of bcl-2 were 
found in AML which were significantly 
higher in the FAB subtypes Ml and M2 as in 
the other ones [36]. Additionally, the poor 
prognosis previously associated with AML 
blasts expressing the CD34 antigen, may be 
in part related to high expression of bcl-2 
[37]. Furthermore, the expression of bcl-2 
was shown to be predictive for poor re
sponse to intensive chemotherapy and 
shorter survival in AML [38]. In our study 
overexpression of bcl-2 alone was not pre
dictive for treatment failure and did not cor
relate with other patient characteristics. 

The low incidence of p53 mutations in 
three out of 40 patients (8%) is in agreement 
with findings obtained by other groups who 
demonstrated that mutations within the 
highly conserved portions of the p53 coding 
region infrequently occur in most types of 
AML [39]. Wattel and coworkers reported 
that p53 mutations, although infrequent, are 
a strong prognostic indicator for response to 
chemotherapy and survival in AML, mye
lodysplastic syndrome and chronic lympho
cytic leukemia [15]. Although the number of 
patients with p53 mutations in our study was 
small, a poor treatment outcome could be 
documented in one nonresponder and one 
patient with a CR of only three months. Fur
thermore, elevated concentrations of p53 
without detectable mutations were found in 
half of the patients, which is in agreement 



with the findings by Zhang and coworkers 
[40]. These findings could either correspond 
to an overexpression of a nonmutant p53 or 
to p53 mutations in a minor sub clone of the 
malignant cells undetectable by SSCP. Fur
thermore, they can be related to the presence 
of a mutation outside the exons investigated, 
although such mutations appear to be very 
rare. 

According to clinical investigations in 
breast cancer, HSPs may resemble a separate 
mechanism of resistance [41]. Increased lev
els of HSPs were found in a number of malig
nancies including leukemia [14, 42, 43]. Our 
results did not show a correlation between 
the expression of HSP27 and treatment out
come. Furthermore, no increased amounts 
of HSP60 and HSP70 could be detected in 
the blast samples as compared to normal 
blood donors (data not shown). 

Multivariate Analysis 

When patients were analyzed according to 
the coexpression of Pgp, MRP, bcl-2, p53 and 
HSP27, there was a significant correlation 
between the coexpression of at least two of 
these proteins and response which turned 
out to be a significant independent prognos
tic factor for treatment failure according to 
multivariate analysis. 

The fact that different mechanisms can be 
simultaneously co expressed has been re
cently confirmed for various tumor entities 
including leukemia [44,45]. For instance, the 
functional MDR phenotype associated with 
the simultaneous overexpression of Pgp and 
MRP [4,19,46,47] as well as their coexpres
sion together with the expression of HSP27 
[48] has been shown to predict clinical re
sponse in AML. Additionally, the coexpres
sion of Pgp and GST has been suggested to 
be responsible for drug resistance in acute 
leukemia [27]. In this context it should be 
emphasized that most of the studies pub
lished so far semiquantitatively analyzed the 
gene expression at the mRNA level by cDNA
PCR which reveals the relative activity of 
genes, not of gene products. Thus, in this 
study for the first time the simultaneous ex
pression of five mechanisms of drug resis
tance is investigated in myeloid blasts on the 

protein level with respect to clinical re
sponse after induction chemotherapy. 

In conclusion, future investigations will 
have to consider a variety of gene products 
as well as their coexpression to better char
acterize clinical drug resistance. Further
more, it will be of great importance to quan
tify the expression of these proteins simulta
neously to define their prognostic signifi
cance for the establishment of individual 
treatment intensity and to possibly contri
cute to the development of strategies for 
overcoming clinical drug resistance. 
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Human P-Glycoprotein/Mdrl-Gene Product: Surprising Potential 
for Nuclear Localization and Coupling to Intracellular Growth Factor 
Signalling 

R. T. RADULESCU, B. Y. ZHANG, W. WILMANNS, and V. NDsSLER 

Abstract. The human p-glycoprotein (P
gp )/mdrl-gene product is an integral plas
ma membrane protein whose overexpres
sion is associated with chemotherapeutic 
drug resistance. In the present study, we 
scanned the amino acid sequence of p-gp for 
clues which may point to additional func
tions of this important protein. This bioin
formatics-based approach yielded two new 
and surprising results. P-gp contains struc
tural information compatible with a nuclear 
translocation of this protein and with a com
plex formation of P-gp with the insulin-de
grading enzyme (IDE). These interesting 
data suggest that P-gp may also directly act 
at the level of the cell nucleus, possibly influ
encing nuclear events such as cell cycle pro
gression, and additionally affect the intra
cellular turnover of growth factors such as 
insulin. As such, these are the first hints to
wards a common mechanism of P-gp
dependent and growth factor-mediated 
drug resistance of cancer cells. 

Introduction 

The premise underlying our present study 
was that there is a shortcut for most signals 
influencing the fate of the cancer cell. This 
relay propels extracellular or membrane
bound molecules directly into the nuclear 
compartment, the site of gene regulation. 
One recently elucidated and potentially 
major example for this concept is the nucle-

ocrine pathway [1]. The overexpression of 
P-gp, an integral plasma membrane protein 
whose overexpression correlates with 
chemotherapeutic drug resistance, has re
cently been shown to reliably predict treat
ment failure in patients with acute leukemia 
[2]. The specific aim of the present investiga
tion was to assess whether P-gp may also 
employ a fast track to the genes, thereby ren
dering cancer cells more resistant towards 
various treatments. 

Materials and Methods 

P-gp was first visually inspected for the pres
ence of nuclear localization signals, as de
fined previously [3]. In order to find novel 
interaction partners for p-gp, we retrieved 
the human p-gp cDNA from the NCB I data 
base and applied the complementary pep
tide strategy [4] to it using the DNA Strider 
software. The resulting complementary pep
tide sequences were then checked for ho
mologies to known proteins by employing 
the BLAST search procedure contained in 
the OWL data base navigator. 

KK NFFKLNNKSE KDKKE. 

Fig. 1. Proposed bipartite nuclear localization signal 
(NLS) in the human p-glycoprotein, residues l3-29 
(basic residues such as K located in the two clusters 
of the bipartite NLS are underlinded) 

Medizinische Klinik III, Klinikum GroBhadern, 81366 Mtinchen, Germany 
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A H2N- GAGL-COOH P-gP62-65 
HOOC- ASSK -NH2 IDE87_84 
Potential contact paint #1 between p-gp and IDE 

B H2N- RGWK -COOH P-gP210-213 
HOOC- PPPL -NH2 IDE27_24 

Fig.2 Potential contact point #2 between p-gp and IDE 

Results and Discussion 

We have now found that human P-gp har
bors a bipartite nuclear localization signal 
(Fig.I). 

By employing the complementary pep
tide strategy we have further identified po
tential P-gp binding sites for intracellular 
proteins, in particular for IDE (Figs. 2a and 
b). 

IDE is a large cytosolic protein which 
causes insulin degradation [5]. IDE-like pro
teins have been implicated in membrane fu
sion, muscle differentiation and intracellu
lar turnover of proteins suggesting similar 
involvements of IDE itself [5]. Interestingly, 
the predicted P-gp binding site #2 is in the 
immediate vicinity of P-gp transmembrane 
region 3 to which rhodamine 123 and other 
P-gp modulators bind [6]. This suggests that 
these modulators may disrupt the physical 
association of P-gp with IDE through steri
cal displacement such that IDE is then free to 
bind and degrade intracellular insulin. The 
putative intracellular interaction between P
gp and IDE may be of paramount impor
tance in P-gp action given that growth fac
tors have previously been shown to mediate 
drug resistance. Based on our present find
ings, it is now tempting to speculate that 
intracellular/nuclear P-gp may block IDE 
action, thus extending the intracellular life
span and facilitating the nuclear transloca
tion of insulin - a scenario reminiscent of the 

effect of agents which block IDE function 
[7]. The net result of our model would be an 
enhancement of the growth-promoting ac
tions of insulin. Moreover, P-gp may also di
rectly participate in gene regulation by 
interacting with intranuclear proteins. Tak
en together, our data are intriguing first 
hints towards a unifying view of P-gp-de
pendent and growth factor-mediated drug 
resistance of cancer cells. 
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Treatment of Poor Prognosis Acute Myelogenous Leukemia with 
PSC -833 and Mitoxantrone, Etoposide, Cytarabine 
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Introduction 

A major reason for failure of conventional 
treatment in acute myeloid leukemia (AML) 
is primary or secondary resistance of the 
leukemic cells to anti-neoplastic drugs. One 
of these mechanisms is characterized by the 
multi-drug resistance (MDR) phenotype 
that results from overexpression of the 
MDR-1 gene product, p-glycoprotein (P-gp) 
[1,2]. P-gp has been linked to a number of 
adverse prognostic variables including age, 
CD34 phenotype, cytogenetic pattern or 
leukemia arising secondary to cytotoxic 
therapy or antecedent hematological disor
ders [3,4,5,6]. The MDR phenotype is char
acterized by lower intracellular drug accu
mulation [7,8] and reduced sensitivity to 
the anthracyclines [5,6, 9]. Several agents 
capable of reversing drug resistance in vitro 
have been used clinically [10, 11, 12]. We re
port here the preliminary results of a multi
center phase I-II trial evaluating PSC-833, a 
non -nephrotoxic, non -immuno-suppres
sive analogue of cyclosporin and an inhibi
tor of the MDR-1 pump, in combination 
with Mitoxantrone (M), Etoposide (E), Cy
tarabine (C) (termed PSC-MEC) for treat
ing a poor prognosis subgroup of patients 
withAML. 

Patients 

This is a preliminary report of an ongoing 
open phase I-II multicenter trial initiated in 
June, 1995. The protocol was approved by the 
Institutional Review Boards and Human 
Subjects Committees of all the participating 
institutes and is the pilot study for a planned 
Eastern Cooperative Oncology Group 
(ECOG) randomized phase III trial. Eligibil
ity criteria included patients between the 
ages of 18-70 with a diagnosis of AML by the 
FAB criteria with the following characteris
tics: 
1. relapse ( 6 months after first complete re

mission (CR) 
2. refractory to chemotherapy, either initial 

induction or first reduction; 
3. relapse after autologous or allogeneic 

bone marrow transplant; 
4. second or greater relapse; 
5. secondary AML or AML evolving from 

myelodysplastic syndromes (MDS) or 
myeloproliferative disorders (MPD) (not 
CML). 

Patients were also required to have an ejec
tion fraction > 50%, ECOG performance 
status of 0-2, normal hepatic/renal function 
and no evidence of active infection. The 
main exclusion criteria were presence of 
central nervous system (CNS) leukemia and 
M3leukemia. 

Stanford University Med Ctr, Stanford, CA, Moffitt Cancer Ctr, Tampa, FL, Northwestern Med Ctr, Chicago, IL 
Rochester Med Ctr, Rochester, NY, Montefiore Med Ctr, Bronx, NY and Sandoz Pharmaceuticals, E. Hanover, 
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Chemotherapy Treatment 

PSC-833 ( Valspadar, provided by Sandoz / 
Novartis Pharmaceutical Corporation, East 
Hanover, NJ) was administered as a loading 
dose at 2 mg/kg over 4 h, pretreatment with 
a concomitant continuous infusion at 10 
mg/kg/IV for 120 hours. Doses for chemo
therapy (PSC-MEC) in Cohort I were M 5 
mg/m2/day, E 50 mg/m2/day and C 1 
G/m2/day all given IV for 5 days. In cohort 
II the dose of M was reduced to 4 mg/m2 
and E to 40 mg/m2. Growth factor support 
with GM-CSF or GCSF was initiated daily 
once marrow hypoplasia was documented, 
8-10 after post-induction treatment initia
tion. If residual leukemia was noted, the in
duction course was repeated for 5 days if 
the blastic cellularity was 2:: 10% and for 3 
days if it was 5-10%. A maximum of two in
duction cycles were permitted to achieve 
bone marrow hypoplasia. If the disease 
progressed thereafter the patient was taken 
off the study and considered to have failed 
to respond. Patients who entered a CR were 
scheduled to receive consolidation treat
ment with PSC-MEC. Toxicity was assessed 
as per the Leukemia Common Toxicity Cri
teria. 

Measurement of Response 

Complete remission (CR) required ade
quate marrow cellularity, with < 5% blastic 
cellularity documentation at pre-consolida
tion evaluation, no peripheral blasts, ANC 
(1500 mm3 platele1s 2:: 100000 and no evi
dence of extramedullary leukemia. Partial 
remission (PR) required all criteria as in CR 
except that the bone marrow may contain 5-
25% blasts, or the bone marrow has < 5% 
blasts, but the peripheral counts do not 
meet CR criteria. Failure consisted of re
fractory leukemia at time of the pre-consol
idation marrow or death during/following 
induction therapy (pre-consolidation). 

MDR-l Analysis of Blasts 

Leukemic blasts from bone marrow or pe
ripheral blood were evaluated. Immuno-

phenotype analysis utilized the 4E3.16 anti
P-glycoprotein antibody [13]. For MDR 
function the rhodamine-l23 efflux assay 
was used and modulation of rhodamine ef
flux by PSC-833 was evaluated. 

Pharmacokinetic Evaluation 

Patients had venous blood drawn prior to 
the start of PSC-833 infusion with subse
quent levels evaluated on day 3 and day 5 
just prior to the mitroxantrone dose. 

Results 

Twenty five patients were entered into the 
trial and all patients are evaluable for re
sponse, with the following pretreatment 
characteristics: early relapse (n = 8), 2:: 

(second relapse (n = 5), secondary/post 
MDS-MPD (n = 6), refractory AML (n = 4) 
and relapse-post BMT (n = 2). The median 
age was 54 yrs (27-70 yrs) with 15 males and 
10 females. Of the 19 patients with de novo 
AML all had first CR durations of < 12 
months and 14 had first CR durations of < 6 
months. Twelve patients had 1-4 prior sal
vage treatments with only 4 patients re
sponding to these therapies. Six of the 19 
patients had unfavorable cytogenetics. In 
the group with an antecedent hematologic 
disorder, 5 of 6 had unfavorable cytogenet
ics. 

Chemotherapy Effects 

Cohort I consisted of the first 6 patients. All 
6 achieved marrow hypoplasia, however 
there were 3/6 early deaths (i.e., within 30 
days) due to severe mucositis and infection, 
with prolonged marrow hypoplasia. There
fore for Cohort II, the doses of M and E were 
reduced 20% as described in the Methods 
section. Nineteen patients received Cohort 
II doses, which were well tolerated. Overall, 
22 of 25 patients achieved adequate hypo
plasia (one bone marrow was not evaluat
ed). Fifteen patients required one cycle and 
10 patients required two cycles of chemo
therapy. 
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Responses 

Overall 7 CRs and 3 PRs were achieved, and 
15 patients failed therapy. The respons
es/failures were evenly distributed between 
the diagnostic subgroups and within both 
cohorts. Three of 10 patients > 60 years 
achieved remissions ( 2 CRs, 1 PR ). Five of 7 
patients with CR remain alive with a median 
survival of 7 months (2.5-ll months); their 
median remission duration was 3-8 months 
(0.6-10 month). The median survival of the 
PR group is 6.3 months (0.6-7.6 months). 
During the hypoplastic period, 8 deaths 
were noted: 7 were secondary to infection 
(Cohort 1-3/6 patients, Cohort II - 4/19 pa
tients ) and 1 was due to an arrhythmia. Six 
patients failed due to leukemic regrowth re
sistance and one patient had refractory leu
kemia. 

Toxicity 

Grade 3 or 4 mucositis was reported in 3 of 6 
patients in Cohort I and 3 ofl9 patients in 
Cohort II. Other significant toxicity includ
ed 1 patient with mental status changes and 
1 patient with neuropathy. No significant 
ataxia occured. 19 patients had transient hy
perbilirubinemia > 1.5 mg %, most likely re
lated to PSC administration. Eight deaths 
were noted as described above. 

Results of MDR-l Analysis 

P-gp positive blast cells evaluated by using 
the monoclonal antibody4E3.16 [13] ranged 
from 1-77% (median 35%). Of 15 patients 
evaluated, II demonstrated rhodamine-123 
efflux, which was inhibitable by PSC-833 in 7 
of these 11 patients. The level of 4E3.16 posi
tively correlated with the inhibitability of 
rhodamine-I23 efflux by PSC-833, rather 
than efflux activity per se. 

Pharmacokinetics 

Target levels (> 1000 ng/ml) of PSC-833, 
which are capable of in vitro MDR-I mod
ulation, were achieved in all 10 patients eval-
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uated over 15 cycles and were maintained 
for the 5 days of treatment. 

Discussion 

Among the best understood mechanisms of 
drug resistance is mediated by the multi
drug transporter P-pg and encoded by the 
MDR-l gene [14, IS, 16].Cells which express 
MDR-I are cross resistant to several impor
tant antileukemic drugs including dauno
mycin, mitroxantrone and etoposide. Cyclo
sporine in high doses is one agent which has 
been used in clinical trials attempting to re
verse MDR [ll]. PSC-833 is two- to tenfold 
more potent than cyclosporine in modulat
ing MDR in vitro and in animal models [17]. 
Because we anticipated substantial pharma
cokinetic interaction between PSC-833 and 
the MDR-related agents used for leukemia 
treatment, we initially used significant dose 
reductions of etoposide and mitroxantrone 
in this trial compared to the doses used with 
these agents without PSC [18] and with cy
closporin plus MEC (E491) [19]. 

In spite of this reduction in the M and E 
doses the initial 6 patients treated (cohort I) 
had significant toxicity with Grade 3 muco
sitis in 3 patients, 3 early deaths and pro
longed neutropenia in 5 patients. This re
quired a further 20% dose reduction in mi
troxantrone and etoposide for cohort II dos
es of PSC-MEC. This latter regimen has been 
capable of achieving adequate marrow hy
poplasia and was relatively well tolerated, 
even in elderly patients. This dosing sched
ule is being confirmed for the remainder of 
this study. Adequate blood levels of PSC 
were achieved. Detailed analysis of pharma
cokinetic interactions with M and E are still 
pending. 

The MD Anderson group [20] has recently 
proposed placing poor risk AML patients 
into four categories which correlated re
sponse to treatment with presenting clinical 
features [20]. Patients were categorized as 
being in one of four prognostic risk groups, 
based on their background treatment histo
ry. Group 1 patients had expected CR rates of 
= 70% (These were patients with an initial 

CR duration in excess of 2 years who were re
ceiving their first salvage attempt). Group 2 



had expected CR rates = 40% ( patients with 
an initial CR duration of 1 to 2 years who 
were receiving their first salvage attempt),
Group 3 expected CR rates were = 10-20% 
(patients with a first CR lasting less than 1 
year, or with no initial CR, who were receiv
ing their initial salvage attempt) and Group 
4 had expected CR rates of < 1 % (patients 
with an initial CR under 1 year, or with no in
itial CR, who were receiving a second or sub
sequent salvage regimen, having not re
sponded to a first salvage attempt). 

In the above context, categorizing re
lapsed patients into prognostic risk groups, 
most of our patients (19 of 25 individuals 
were in the very poor prognostic risk groups 
3 and 4). 

Our study demonstrated encouraging 
anti leukemic effects, even in these patients 
with poor prognosis, with 7 CRs and 3 PRs 
among the 25 patients. 

Although MDR -1 is expressed in a minor
ity of patients with AML at presentation, 
studies have reported 60-80% expression of 
this gene product in a relatively increased % 
of blasts from AML of patients whose dis
ease was refractory or relapsed after chemo
therapy [5,6,7,9,16,21] In our study, a sub
stantial number of patients (11 of 15 indi
viduals ) demonstrated increased levels of 
Pgp by flow cytometry, median 35% (1-77%) 
and the level of expression positively corre
lated with the inhibitability of rhodamine-
123 efflux by PSC-833 (11115 = 64%), rather 
than efflux activity per se. The number of 
patients evaluated for MDR-l expression' 
are too small for clinical correlation. 

Adequate blood levels of PSC were 
achieved and the drug doses were well toler
ated. Detailed analysis of pharmacokinetic 
interactions are still pending but suggest 
that the current doses in Cohort II produce 
adequate marrow hypoplasia without undue 
toxicity. 

The predictive value of Pgp as an inde
pendent marker for treatment failure in 
AML remains controversial as some studies 
show good correlation [5,22] while others 
fail to do so [12,19]. Evidence indicates that 
mechanisms other that Pgp contribute to the 
MDR resistance phenotype in human malig
nancies [23,24,25,26]. A recent preliminary 
report of a randomized study using quinine 

as an MDR modulator plus intensive chemo
therapy for AML post MDS and high risk 
MDS indicated that quinine increased the 
CR rate and survival in Pgp positive patients 
but not in the Pgp negative patients [27].An
other recently reported investigation [28] 
using PSC plus chemotherapy for re
lapsed/refractory AML has also shown en
couraging results. Phase III randomized 
studies will be required to compare this reg
imen to regimens lacking MDR modulating 
therapy for determining the relative contri
bution ofPSC-833 to clinical response in this 
setting. Such a study is currently being coor
dinated through ECOG. 
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Abstract. Multidrug resistance (MDR) is a 
potential major problem in acute myeloid 
leukemia (AML). Approaches to overcome 
MD R include pharmacological reversal of P
glycoprotein-mediated resistance, and use 
of effective drugs not affected by MDR, such 
as nucleoside analogues. Drugs that confer 
reversal of MDR in vitro include verapamil 
and cyclosporin A. We have analysed con
centrations of anthracyclins and their me
tabolites within leukemic cells in vivo dur
ing continuous infusion of doxorubicin, 
daunorubicin, and idarubicin, respectively, 
and documented an elevated steady state 
level of active metabolites during concomi
tant treatment with verapamil, and cyclo
sporinaA (CyA). 

In a Scandinavian phase 1111 study, the 
CyA analogue PSC833 was given together 
with daunorubicin and cytosin arabinoside 
(ara-C) to patients with refractory or relaps
ing AML to assess a feasible dose level of PSC 
and daunorubicin. The overall CR rate in 41 
patients during the dose finding part of the 
study was 27%. Patient recruitment into the 
phase II part continues using a PSC dose of 
10 mg/kg/ day on days 1-4, and daunorubicin 
45 mg/sqm/day on days 1-3, with ara-C 1 
g/sqm/2h q 12 h,days 1-4. 

2-Chlorodeoxyadenosine (Cladribine, 
CdA) is a purine analogue with a document
ed single-drug activity in de novo and re
lapsed pediatric AML. In analogy with the 
studies on fludarabine/ara-C combinations, 
we evaluated ara-CTP concentrations in 

AML cells during ara-C treatment with or 
without CdA pretreatment. Priming with 
CdA gave a 36% median increase in ara-CTP 
concentrations. Thirty patients (AML n = 
21,ALL n = 4, MDS n = 1, MDS-AML n = 4; 
previously untreated n = 20, previously 
treated n = 10,4 of them with relapse follow
ing stem cell transplants), aged 20-76 years 
(median 47 yrs), were given a combination 
of CdA, ara-C and idarubicin. The overall CR 
rate from one course was 73%, and among 
previously untreated patients 85%. Toxicity 
was limited, and recovery from thrombocy
topenia (> 50) and neutropenia (> 0.5) was 
prompt and occurred on day 21 and 23 from 
start of treatment (median), respectively. 
The projected 3-year survival of the 20 pre
viously untreated cases is 70% (with 4 auto
transplants, and 6 allogeneic stem cell trans
plants during follow-up). CR rate and overall 
survival in refractory patients were not as 
encouraging. 

Introduction 

MDR is a well-known clinical problem in re
lapsing AML, and overexpression of the 
transmembrane multi drug transporting P
glycoprotein (Pgp) is common (reviews in 
[1,2]). However, in primary AML, Pgp ex
pression is less common, but the frequency 
is increased with poor-prognosis features, 
such as poor-risk cytogenetics, high age, and 
prior hematologic disorder. Pgp-expression 
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is also linked with the expression of the stem 
cell marker CD34, perhaps indicating a 
physiological role of MDR in hematopoietic 
stem cells. Thus, MDR is likely to be an im
portant issue also in de novo AML, since re
lapse may well be caused by the emergence 
of MDR-positive sub clones present already 
at diagnosis. Additional non-Pgp-related 
proteins resulting in MDR are also reported, 
such as the multidrug resistance-related 
protein (MRP) and lung resistance protein 
(LRP). 

Approaches to overcome MDR may in
clude a pharmacological reversal of MDR, 
and the use of effective chemotherapeutic 
agents not affected by MDR. In the present 
report the first approach will be elucidated 
by 
1. the influence ofMDR-reversing drugs on 

intracellular pharmacokinetics of an
thracyclins and their active metabolites 
in leukemia cells in vivo, and 

2. preliminary data from a Scandinavian 
dose-finding study using cyclosporin
analogue PSC833 in the treatment of re
fractory or relapsing AML. 

The second approach will be exemplified by 
phase I and phase II studies of combining 
2-chlorodeoxyadenosine (cladribine, CdA) 
with cytosin arabinoside (ara-C) in the 
treatment of myeloid and lymphoid leuke
mias. 

Several Chemically Different Drugs are Shown to be 
Affected by MDR In Vitro 

These usually have a natural origin, and may 
be described as small nitrogen-containing 
hydrophobic molecules. Common chemo
therapeutic drugs are included in this group, 
such as the anthracyclins (doxorubicin, dau
norubicin, idarubicin) and similar com
pounds (amsacrine, mitoxantrone), the vin
ca alkaloids (vincristine, vinblastine), the 
epipodophyllotoxins (etoposide, tenipo
side), and taxol. In contrast, alkylating 
agents, cisplatin, and antimetabolites are re
garded as unaffected by Pgp. 

Likewise, several chemically different 
drugs, preferrably lipophilic molecules,have 
the ability to block Pgp-mediated MD R. This 
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group includes the calcium-channel block
ers (verapamil, nifedipine), calmodulin in
hibitors (prochlorphenazine, fluphenazine), 
antibiotics (erythromycin, tetracyclines), 
and immunosuppressive drugs (cyclosporin 
A, FK506). Many of these drugs have been 
used clinically with the aim to reverse MDR. 
A significant problem however, is other 
pharmacological effects since high plasma 
concentrations usually are required for 
MDR reversal. For example, patients had to 
be monitored in coronary care units during 
chemotherapy plus high-dose verapamil. 
Thus, analogues with the same (or im
proved) MDR modulating capacity but less 
other effects have been developed, such as 
dexverapamil, and the cyclosporin analogue 
PSC833. 

Another problem when designing clinical 
studies with MDR modulators is that they 
may alter Pgp expression in biliary canalicu
li and renal tubuli, which blocks chemother
apy drug elimination and increases plasma 
concentration, leading to an increased toxic
ity unless dose is adjusted. Since normal he
matopoietic CD34+ stem cells express Pgp, a 
potential problem is that MDR modulators 
may aggravate toxicity of chemotherapy to 
normal stem cells. 

CdA/ara-C Drug Combination 

Cytosin arabinoside is an anti-metabolite 
that is the backbone of treatment for AML. 
The nucleoside is incorporated in the leu
kemic cells, and through the action of the 
enzyme deoxycytidine kinase (dCK) the 
nucleoside is phosphorylated to the active 
nucleotide, the triphosphorylated ara-CTP. 
In studies by Gandhi et al. [3], it was shown 
that the purine analogue fludarabine, if giv
en before ara-C, leads to an increased area
under-the curve (AUC) for ara-CTP in leu
kemic cells, indicating a synergistic action 
based on pharmacological interaction. 
Subsequently, clinical studies have evaluat
ed the effects of the drug combination flu
darabine + ara-C with or without G-CSF in 
AML. 

Fludarabine has a cytotoxic effect against 
AML cells, however, to be effective highly 
toxic dose levels have to be used [4]. In clini-



cally used doses, fludarabine is ineffective by 
itself in AML. In contrast, another purine an
alogue, CdA, has a documented single-drug 
activity in relapsed [5] and de novo [6,7] pe
diatric AML, in doses that may be given 
without significant toxicity (except for 
short-term cytopenia), i.e., 8.9 mg/sqm for 5 
days. Of interest is that this CdA dose was 
sufficient for eradication of CNS leukemia 
[6], a finding that was predicted from our 
previous evaluation of CdA drug levels in 
the cerebrospinal fluid [8]. 

The structural similarity between fludar
abin and CdA, also including mechanism of 
action, raised the hypothesis that CdA might 
also be capable of augumenting the ara-CTP 
concentration in leukemic cells, and provid
ed us with the basis for testing the CdA + 
ara-C combination. 

Materials, Methods and Results 

Anthracyclin Drug Concentrations in Leukemic Cells 
in Vivo 

Treatment with MDR modulating drugs 
may increase the concentration of anthra
cyclins and their metabolites in leukemic 
cells in vivo. We treated a patient with an ag
gressive leukemic relapse of centroblas
tic/centrocytic lymphoma following an 
autologous bone marrow transplantation. 
Treatment was given with CVAD, including 
a continuous infusion of doxorubicin 9 
mg/sqm/day over 4 days. During the dox
orubicin infusion of the first course a 6-
hour infusion of verapamil was added. Dur
ing the second course, oral verapamil was 
given together with three injections of cy
closporin A. As shown in Fig. 1 (from Tide
felt et al. Eur J Haematol 1994; 52: 276, re
printed with the permission of the publish
er), there was a steep increase in the doxoru
bicin concentration during infusion of 
MDR modulators as compared to the previ
ous steady state level [9]. 

We have also performed similar studies in 
vivo analysing daunorubicin and idarubicin 
with metabolites in leukemic cells during 
continuous infusions with and without Cy A 
10 mg/kg/day, or PSC833, 10 mg/kg/day 
through continuous infusions. 

Scandinavian Phase 1/11 Study of PSC833 
in Refractory AML 

A clinical study with the cyclosporin A-ana
logue PSC833 is currently ongoing. In the 
first part, feasible doses of PSC and daunor
ubin were to be established. We treated 41 
patients with AML that was resistant to two 
or more regimes, or with relapse within 9 
months, or with second or subsequent re
lapse, or with relapse following autologous 
or allogeneic bone marrow transplantation, 
or with secondary leukemia [10]. 

In the dose-finding study, all patients re
ceived ara-C, 1 g/sqm iv during 2 h twice dai
ly for 4 days. Daunorubicin was given by bo
lus injection on days 1-3 in the doses of 25.3 
or 33.75 or 45 mg/sqm in different patient 
cohorts. PSC was given in a loading dose of 2 
mg/kg in 2 h day 1, followed by a continuous 
infusion of 2 or 4 or 6 or 8 or 10 mg/kg/day 
on days 1-4. Dose-limiting toxicity (DLT) 
was defined, including neutropenia more 
than 28 days (subsequently prolonged to 42 
days), hepatic toxicity more than grade III, 
or other toxicity (except alopecia) more than 
grade II. Five patients had DLT: two died in 
aplasia, two had prolonged neutropenia, and 
one developed hepatic failure. At the PSC 
dose of 10 mg/kg the mean plasma level dur
ing infusion was about 3500 ng/ml. The CR 
rate was 5/20 (25%) among primary refrac
tory patients, 3/14 in those with early re
lapse, 2/3 in second or subsequent relapse, 
and 1/3 in relapse following BMT. Overall 
CR rate was 11/41 (27%),and4 patients have 
continuing CR after 8-23 months [10]. 

The highest dose level with daunorubicin 
45 mg/sqm and PSC 10 mg/sqm was found 
to be feasible, and the study continues as a 
phase II trial on this dose level. 

CdAlara-C Combination 

Initially, we treated nine patients with ad
vanced myeloid leukemia. There were 4 pa
tients with relapsed/refractory AML, and 
five with chronic myeloid leukemia in blas
tic crisis. CdA 8.9 mg/sqm was given by 2-h 
infusions for 1 up to 5 days, with or without 
ara-C 1 glsqm/2 h twice daily. Blood leuke
mia cells were analysed for CdA and ara-C 
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nucleotides by HPLC. There was a very rap
id elimination of circulating leukemic cells 
in all patients with limited toxicity. How
ever, no durable responses were seen. As 
previously presented [11], CdA nucleotides 
in leukemic cells had an AVC of 150 ± 83 
I-iM·h (n = 8),and the half-life was 9.0 h ± 3.6 
h. The median AVC of ara-CTP was 751 
I-iM·h following the first dose (n = 5), and we 
found a median increase in ara-CTP-con
centration of 36% when the ara-C infusion 
was preceeded by CdA. The median ara
CTP half-lives were 2.7 hand 4.1 h, respec
tively [11]. Subsequently, we proceeded with 
a phase II design. Patients with myeloid or 
lymphoid leukemias, either newly diag
nosed or previously treated, were given CdA 
+ ara-C + idarubicin (CCl regime). Cytosin 
arabinoside was given in a 1 g/sqml2 h twice 
daily for 4 days schedule. CdA was given ei
ther as 5 mg/sqmll h every 12 h for 4 days 
preceeding the ara-C doses, or 8.9 
mg/sqm/2 h preceeding one of the two daily 
doses of ara C. Idarubicin was given at a 
dose of 10 mg/sqmll h infusion/day for 2 
consecutive days. We included 21 patients 
with AML (15 newly diagnosed, one of them 
with AML secondary to chemotherapy for 
non-Hodgkin's lymphoma), 4 patients with 
ALL (2 newly diagnosed), 4 patients with 
AML preceeded by myelodysplasia (MDS) 
(3 previously untreated), and 1 pretreated 
patient with MDS type 5. Four patients (1 
ALL, 3 AML) had relapsed from bone mar
row transplantation (1 allogeneic, 3 autolo
gous). The ages ranged from 20 to 76 years 
(median 47 yrs). 

The outcome of the first CCl course is 
shown in Table 1. Complete remissions 

Table 1. Results of CCl therapy 

ALL 

AML 

MDS-AML 

MDS 

Total 
Total untreated 
Total pretreated 

Untreated 
Relapse/refractory 
Untreated 
Relapse/refractory 
Untreated 
Refractory 
Pretreated 

CR rate 
2/2 
112 
12115 (80%) 
2/6 
3/3 
111 
0/1 (partial 

response) 

22/30 (73%) 
17/20 (85%) 
5110 (50%) 

were seen in one patient with a Philadel
phia-positive ALL who failed two courses 
of induction combination chemotherapy, 
in one patient with AML relapsing follow
ing autologous transplantation, as well as 
in one elderly patient with MDS-AML re
fractory to two courses of TAD. Recovery 
from cytopenia was prompt in all respond
ing patients. Vntransfused platelet counts 
of more than 50 x 109 II were found on day 
21 from start of CCl treatment (median, 
range 16-32), and neutrophil counts of 
more than 0.5 x 109/1 were found on day 23 
(range 17-43) (Fig. 2). Previously treated 
patients and patients with MDS-AML had a 
somewhat slower platelet recovery than 
newly diagnosed patients (24 vs. 21 days) or 
patients with AML or ALL (26 vs. 20 days); 
as regards neutrophils there was no differ
ence. There was a median of 6 days with fe
ver of more than 38°C (range 0-14), and 17 
days of intravenous antibiotics (range 6-
31). Nausea and vomiting was minimal. 
However, fever during chemotherapy infu
sion without documented infection was 
common, and extensive skin rashes were 
frequently seen during the week following 
chemotherapy. Ten patients received a sec
ond CCI-course, in some cases with abbre
viated doses. Platelet recovery to more than 
50 x 109II was delayed until day 35 (range 
26-40) following the second course; how
ever, bleeding was not a problem, and there 
was no increased need for platelet transfu
sions (3 infusions of pooled platelets per 
course) since the time to recovery of plate
let counts to more than 20 was unchanged. 
Thirteen patients had their remissions con
solidated by stem cell transplantations (5 
autologous, 8 allogeneic). Autologous stem 
cell harvest was achieved using G-CSF 
following consolidation with daunorubicin 
45 mg/sqm for 2 days and cytosin arabino
side 200 mg/sqm/day as continous infusion 
for 5 days. One to three stem cell harvests 
were required to achieve 2x 106 CD34+ 
cells/kg. 

Overall survival for AML-patients ac
cording to previous therapy is shown in Fig. 
3. Overall survival for all patients, with 
those who subsequently underwent stem 
cell transplant censored at time of trans
plant, is shown in Fig. 4. 
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Discussion 

MDR-modulating drugs have previously 
shown to increase concentrations of chemo
therapeutic drugs within tumor cells in vitro, 
and also induce increased cell kill in vitro. We 
here present data showing that increased 
concentrations of clinically important an
thracyclins through treatment with different 
MDR modulating drugs can be achieved also 
in vivo during clinical conditions. This is a 
prerequisite for further clinical studies. In a 
Scandinavian phase I dose escalating study, it 
was shown that it was feasible to give dauno
rubicin 4S mglsqm/dayfor 3 days,PSC833 10 
mg/kg/ day for 4 days with intermediate dose 
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cytosin arabinoside for 4 days to adult pa
tients with refractory/relapsing acute mye
loid leukemia. Complete responses were seen 
during the dose escalation phase. The study 
now proceeds with a phase II trial on the es
tablished dose level. 

Our clinical study on the in vivo pharma
cokinetic interaction between CdA and ara
C showed that CdA potentiates metabolism 
of ara-C in leukemia cells similar to fludara
bine. There was a median increase of 36% in 
ara-CTP concentration when ara-C was pre
ceeded by a bolus infusion of CdA [11]. This 
finding was subsequently confirmed and 
documented also when CdA was given 
through a continuous infusion [12]. How-



Overall survival of AML patients 

~ 
- L-, Previously untreated n=15 

I 

1 

.9 

.S 

.7 

.6 

.5 

.4 

.3 

.2 

.1 

Previously treated 

o 
o ISO 360 540 720 900 10S0 

Days from Start of CCI Treatment 
Fig.3.0verall survival of AML patients from start of eel chemotherapy (n = 21) 

1 

.9 

.S 

.7 

.6 

.5 

.4 

.3 

.2 

.1 

o 

Overall survival (Patients censored at stem cell transplant) 

I 

t, 
... J Previously untreated 

10- Previously treated 
n=10 

o ISO 360 540 720 900 
Days from Start of CCI Treatment 

n=6 

1260 

n=20 

1080 

1440 

126C 

Fig.4.0verall survival of all patients from start of eel chemotherapy (n = 30). Patients subsequently entering 
autologous or allogeneic stem cell transplant were censored at transplant 

467 



ever, a major synergIstiC effect between 
these two drugs might well be on the level of 
nucleic acids rather than solely through a 
pharmacokinetic interaction. The response 
rate in our study was encouraging, although 
we could not state for sure that similar re
sults would not have been achieved also 
through an ara-C + idarubicin combination 
without CdA. However, the idarubicin dose 
was fairly modest, leading to a low level of 
nausea and vomiting. Furthermore, the re
covery from cytopenia was prompt and 
rapid. Many patients had a clear-cut throm
bocytosis following the first course, and a re
active increase of blasts was a common bone 
marrow finding early in the recovery, neces
sitating a second marrow aspirate to assess 
complete remission. This was in many cases 
also documented by remission cytogenetics 
and flow cytometry. 

However, the therapeutic results in refrac
tory cases and leukemia with poor-risk cy
togenetics were less encouraging, similar to 
what previous investigators have found [7, 
13,14]. 

If the response rate of the CCI combina
tion is unrelated to MDR expression is not 
known. However, CD34 is known to corre
late with Pgp expression, and we did not see 
an adverse effect on prognosis by the CD34 
marker. 

In conclusion, in vivo data of MDR mod
ulators indicate that a beneficial clinical ef
fect might be expected. Such data however 
has to come from large-scale clinical studies. 
The CCI regimen has been a feasible way to 
induce rapid complete remissions, with 
quick recovery from cytopenia and limited 
toxicity, primarily in standard-risk acute 
leukemia and MDS-AML. Occasionally, pa
tients refractory' to standard chemotherapy 
protocol achieved complete remissions. We 
therefore find that this drug combination is 
worth further clinical testing. 
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Zidovudine Induces Resistance to Antineoplastic Agents and Alterations 
in Apoptosis in T-Cell Lymphoma Cells 
R. KOTCHETKOVI,2, B. GROSCHEL I, J. CINATL 1,2, H. RABENAUI, H. W. DOERR I, 

B. KORNHUBER2, and J. CINATL JRI 

Abstract. Prolonged treatment of leukemic 
cell lines with antiretroviral agents such as 
nucleoside analogues may result in the de
velopment of cell resistance against antiviral 
agents. We tested whether prolonged treat
ment ofH9 cells (T-cell lymphoma cell line) 
with 3'-azido-3'-deoxythymidine (AZT) 
interferes with sensitivity to antitumor 
agents commonly used for treatment of 
AIDS-associated malignancies. H9 cells 
grown for more than 2 years in medium con
taining 250 11M of AZT were at least 100-fold 
less sensitive to cytotoxic effects of AZT than 
parental H9 cell line. These cells designated 
H9r AZT250 were 5- to 20-fold less sensitive to 
toxic effects of antitumor agents including 
cisplatin (CP), vincristine (VIN), doxorubi
cin (DOX) and etoposide (VP-16). The resis
tance to these drugs was associated with in
hibition of apoptosis as demonstrated by the 
terminal deoxynucleotidyl transferase-me
diated nicked-end labelling (TUNEL) assay 
and DNA fragmentation assay. The expres
sion of genes involved in regulation of apors
tosis such bcl-2 was enhanced in H9r AZT 50 

cells. The results demonstrate that pro
longed treatment of tumor cells with AZT 
may result in the development of resistance 
to antineoplastic agents due to the inhibi
tion of apoptosis. 

Introduction 

Infection with human immunodeficiency 
virus type 1 (HIV-I), the causative agent of 
acquired immune deficiency syndrome 
(AIDS), predisposes to neoplastic condi
tions. As patients survive longer, due to im
proved prophylactics and management of 
underlying opportunistic infections, the 
number of HIV positive patients presenting 
malignancies will continue to increase. The 
tumours which occur with an increased fre
quency in HIV-infected individuals include 
non-Hodgkin lymphoma, Kaposi's sarcoma 
and also intraepithelial cervical neoplasma 
and anal neoplasia and possibly seminoma 
[1, 2]. Cytotoxic therapy used in patients 
with AIDS may be influenced by different 
factors which are not found in patients with
out HIV infection. For example, most of 
HIV-infected individuals with malignant 
disease undergo long-term therapy with 
antiretroviral agents [3]. Thus impact of 
antiretroviral therapy on effects of antitu
mor agents in malignant cells should be 
studied. 

Various 2' ,3' -dideoxynucleoside analogs 
have been reported to inhibit selectively the 
replication of HIV-1 [4, 5]. These com
pounds act as chain terminators of the HIV-
1 reverse transcriptase reaction following 
intracellular phosphorylation by cellular ki-
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nases to their triphosphates [6). Selective 
antiviral activity of nucleoside analogues is 
gained from the relative inability of human 
cellular DNA polymerases to use their tri
phosphates as a substrate. However, some 
incorporation of residues of nucleoside ana
logues into human cellular DNA does occur 
which accounts for the cytotoxicity of the 
drug [7). It is a common feature of eucariotic 
cells to develop different mechanisms to es
cape deterious effects of cytotoxic drugs. Tu
mour cell populations in patients who 
undergo antineoplastic chemotherapy de
velop readily multidrug resistant mecha
nisms which account for resistance to differ
ent chemical drugs [8). It is possible that nu
cleoside analogues used for treatment of 
HIV infection induce resistant mechanisms 
in tumour cells in AIDS patients. 

In the present study we observed whether 
long-term incubation of human lymphoid 
H9 cells with anti-HIV agent zidovudine (3'
azido-3' -deoxythymidine, AZT) influences 
their sensitivity to antitumor therapy. We 
also studied whether long-term treatment of 
H9 cells with zidovudine influences expres
sion of genes involved in regulation of cell 
sensitivity to toxic agents. 

Material and Methods 

Cells 

H9'AZT2SO, H9'DDCsOO and H9'ARA-C2S2s0 
resistant sublines were established by culti
vation of parental H9 cells (T-lymphoma) in 
medium containing increasing concentra
tions of drugs. The cells grow now over a pe
riod of more than two years in medium con
taining 2S0 flM AZT, SOO flM DDC and 2S0 
flM ARA-C respectively. All cells lines were 
routinely cultivated in IMDM supplemented 
with 10% foetal bovine serum, in S% CO2, 

Antitumoral Agents 

All the drugs were obtained from Sigma 
(Deisenhofen, Germany). Stock solutions of 
doxorubicin and etoposide (VP-16) were 
dissolved in dimethyl sulfoxide, vincristine 
sulfate and cisplatin in culture medium. 

470 

Prepared solutions of these drugs were 
stored at -20°C. 

Cytotoxicity Assay 

The cytotoxic effects of drugs were deter
mined using 3-( 4,S-dimethylthiazol-2-yl)-
2,S-diphenyltetrasolium (MTT) method, as 
previously described [9). Briefly, lOs/ml cells 
were seeded in a 96-well plate containing 
different concentrations of testing agents in 
IMDM-medium, supplemented with 10% 
FCS. After S days incubation 2% MTT solu
tion was added to each well and viability of 
the cells was measured with determining the 
absorbency by multiwell ELISA reader. 

Measurement of Apoptosis 

Morphological features of the cells and 
DNA-fragmentation were investigated with 
Hoechst-332S8 staining [10). To quantify the 
amount of apoptosis, TVNEL-(terminal de
oxynucleotidyl transferase (TdT2) mediated 
VTP-fluorescent nicked-end labelling) 
method was used [11). DNA-strand breaks 
were also quantified by ELISA DNA-frag
mentation assay, based on binding of specif
ic biotin labelled antibodies to DNA-histon 
complexes. The expression of gene bcl-2 has 
been detected with the fluorescein-conju
gated monoclonal antibody (Holzel Diag
nostica) directed against Bcl-2 protein [12). 
Flow cytometry for quantification of DNA
strand breaks and Bcl-2 was performed on a 
FACscan flow cytometer (Becton Dickin
son). The data from 1 X 104 cells were ana
lyzed using program Lysys II. 

Results 

The all cell sublines proliferated to a similar 
extend as parental H9 cells. The cytotoxicity 
of doxorubicin, etoposide, vincristine, cis
plat in in H9 parental cell line and H9'AZT2so, 
H9'DDCSOO, H9' ARA_C2sO resistant cell lines 
is demonstrated in Fig. 1. The H9' AZT2sO 
cells showed 5- to 20-fold lower sensitivity to 
cytotoxic effects of all drugs, when com
pared with H9 parental cell line. Both 
H9'DDCsOO and H9'ARA-C2sO sublines 
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showed similar sensitivity to these agents as 
parental H9 cells. 

H9 parental cells showed the morphologi
cal features associated with apoptosis in
duced by cisplatin while H9' AZT25 were not 
significantly influenced by this drug. Figure 
2 shows chromatin abnormalities (conden
sation and fragmentation), cell shrinkage, 
which were significantly more expressed in 
H9 parental cells. 

Amount of DNA-breaks, induced by cis
platin was up to 3-fold greater in H9 parental 
than in H9rAZT250 cultures (Fig. 3). Bcl-2 ex
pression was significantly greater in 
H9' AZT250 than in H9 parental cells (Fig. 4). 
As measured by FACs, the mean values were 
47.13 ± 3.2 and 102 ± 6.7 for H9 parental 
and H9' AZT250 cells, respectively. 

Discussion 

In the present study we demonstrated that 
prolonged treatment of human lymphoid 
cell line H9 with AZT resulted in resistance 
to cytotoxic effects of antitumor agents 
commonly used for treatment of AIDS-relat
ed lymphomas and other malignancies. 
Moreover, we demonstrated that prolonged 
incubation of H9 cells with AZT was asso
ciated with increased expression of apopto
sis preventing bcl-2 gene. To our knowledge 
this is the first report dealing with overex
pression of bcl-2 protein following AZT 
treatment. Interestingly, prolonged cultiva
tion in the presence of other nucleoside ana
logues such as ARA-C or DDC did not in
duce resistance to apoptosis in H9 cells. 
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Fig.2. H9 parental ( a, b) and H9 r AZT250 (c, d) before (left) and after incubation with cis plat in (right). Hoechst 
33258 staining 

A B 

Fig.3.Induction of DNA breaks by cisplatin in H9r AZT250 (A) and H9 parental (B) cells, measured by TUNEL
assay 

A variety of antitumor agents exert their 
effects due to inducing of apoptosis [13]. The 
loss of ability of tumor cells to undergo 
apoptosis is frequently associated with a 
treatment failure and/or cancer progression 
[14]. Bcl-2 is an important protein exerting a 
protective effect on cell death [15]. It may 
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function as a "life-saving" protein to deter
mine the thresholds of apoptosis in different 
kinds of cells [16, 17]. Moreover, the cells 
with overproduction of bcl-2 protein be
come resistant to wide variety of chemo
therapeutics, radiation and immune effector 
mechanisms which result in cell distribution 



Fig.4.Bcl-2 expression in H9 parental (A) and H9 rAZT250 (B) cell lines 

[18]. It is possible that bcl-2 overexpression 
accounts for resistance to apoptosis in H9 
cells. On the other hand, expression of genes 
such as p 53 or c-myc could be envolved in 
the regulation of cell death in H9 cells. 

In conclusion, our results suggest that 
AZT treatment of lymphoma cells may lead 
in resistance to antitumor agents. Increased 
expression of bcl-2 gene could account not 
only for resistance to antineoplastic drugs 
but also contribute to increased malignity 
by disturbing pathways controlling pro
grammed cell death. 
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Idarubicin Activity Against Multidrug-Resistant (mdr-l +) Cells is 
Increased by Cyclosporin A 
B. CHIODINI, R. BASSAR, G. BORLERI, T. LEREDE, and T. BARBUI 

Abstract. Multidrug resistance related to 
functional overexpression of P-170 glyco
protein (mdr-l gene) is often responsible 
for treatment failure in acute leukaemia. 
Attempts to restore drug sensitivity with 
revertants and less vulnerable drugs are 
underway. We compared the ability of cy
closporin A to modulate mdr-l resistance 
of T-lymphoblastic CEM cells to daunoru
bicin and idarubicin. To obtain clinically 
useful informations, experimental condi
tions reproduced partially in vivo pharma
cology (drug peak plasma levels, alcohol 
metabolites, exposure times) of a single 
intravenous bolus with daunorubicin 45 
mg/m2 or idarubicin 10-12 mg/m2, plus cy
closporin A 16 mg/kg/d given as continu
ous infusion (List schedule). Study meth
ods were cytofluorimetry for detection of 
anthracycline early uptake, retention and 
pro-apoptotic effects (binding to fluores
ceinated annexin V) at the single cell level, 
and the standard MTT growth inhibition 
assay for cytotoxicity. The results showed 
greater drug uptake/retention and apoptot
ic rates with idarubicin than with daunoru
bicin, with a further increase by cyclospor
in A. MTT results were in favour of idarubi
cin with or without cyclosporin A, and 
greatly influenced by cyclosporin A itself. 
Altogether, study results in mdr-l + cells 
with idarubicin/idarubicinol at 100/20 
ng/ml, corresponding to levels achievable 
in vivo with a single idarubicin dose 2: 12 
mg/m2, were in the range of those obtained 

with standard-dose daunorubicin in mdr
I-cells. These findings underscore the po
tential usefulness of an idarubicin plus cy
closporin A combination in mdr-l + leu
kaemias, and prompt further studies on as
sociations with other modulators of P-170 
functional activity. 

Introduction 

Daunorubicin (DNR) and idarubicin (IDA) 
act primarily as topoisomerase-II inhibi
tors [1]. Blocking of this nuclear enzyme, 
that regulates DNA topology during cell cy
cle, switches on programmed cell death or 
apoptosis [2]. Following rapid intravenous 
administration of DNR 45 mg/m2 and IDA 
10-12 mg/m2, the mean peak plasma levels 
of both drugs reach approximately 200 
ng/ml and 50 ng/ml, respectively. Corre
sponding intracellular levels are about ten
fold higher, owing to active cell uptake and 
intracellular transport. Rapid liver metab
olism releases alcohol metabolites dauno
rubicinol (DNRol) and idarubicinol (IDAol), 
at low concentration but long half-life, par
ticularly IDAol (> 50 h) [3-5]. Interestingly 
IDAol is cytotoxic but DNRol is not or only 
minimally so. Among known resistance 
mechanisms to anthracyclines that corre
late with treatment failure, the most stud
ied is multi -drug resistance by functional 
overexpression of a 170 Da membrane P
glycoprotein (P-170 type MDR) [6]. P-170 
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substrates are actively extruded from P-
170+ cells and cannot exert their cytotoxic, 
pro-apoptotic effect. Although the super
iority of IDA over DNR against P-170+ leu
kaemia was proved by more than one in vi
tro study, these experiments were carried 
out with very high drug concentrations [7, 
8), very long drug incubation times [9,10), 
or without the cytotoxic alcohol metab
olites [7, 9). Although these studies were in
formative as regards gross pharmacologic 
differences, they neither attempted to re
produce in vivo pharmacology of anthracy
clines nor unequivocally demonstrated 
IDA superiority over DNR in P-170+ leu
kaemias. We undertook a comparative in 
vitro study using a P-170+ reference cell 
line and setting experimental conditions as 
close as possible to known clinical pharma
cology of both IDA and DNR. The assess
ment of effects by the mdr-1 inhibitor cy
closporin A (CsA) was an integral part of 
this study. 

Materials and Methods 

CEM Cell Lines and Drugs 

Human T-Iymphoblastic CEM and vinblas
tine-resistant P-170-positive CEM -VBL cell 
lines (courtesy of Dr. 1. Capolongo, Centro 
Ricerche Pharmacia, Nerviano, Italy) were 
grown in cell culture medium supplement
ed with 10% fetal calf serum, L-glutamine, 
penicillin and streptomycin in humidified 
5% CO2 at 37°C. Cell concentration was 
maintained at 2-3 X 105 cell/ml. DNR, 
DNRol, IDA and IDAol were obtained from 
Pharmacia-Farmitalia Group (courtesy of 
Dr M. Grandi, Milan, Italy). 10 jlg/ml stock 
solutions were stored at -80°C. Working so
lutions were prepared by dilution in cell 
culture medium; DNR: 200, 400 ng/ml; 
DNRol 50, 100 ng/ml; IDA 50, 100 ng/ml; 
IDAol 10, 20 ng/ml. These concentrations 
correspond to peak (drug) and steady state 
(metabolite) plasma levels obtained in vivo 
with an intravenous bolus administration 
of DNR 45 mg/m2 (230 ng/ml, DNRol 50 
ng/ml) and IDA 10-15 mg/m2 (50-100 
ng/ml, IDAo110-20 ng/ml), respectively [3-
5). Cells were incubated with drugs and me-
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tabolites for 30 min 12 h, respectively, to 
mimic the short and long plasma half lives 
of these compounds at the concentrations 
considered. Combined drug plus metab
olite experiments were performed using 
the lower or higher concentrations of such, 
e.g. DNR 200 ng/ml plus DNRol 50 ng/ml 
etc., and incubating cells with the drug first 
and then, after two washings in medium, 
with the drug metabolite, for the reported 
times. P-170 blocking agent CsA was ob
tained from Sandoz Company (Bern, Swit
zerland) as vials for intravenous use and di
luted in absolute ethanol and cell medium 
to a cellular ethanol < 0.1 %. CsA was added 
90' before anthracyclines and maintained 
until end of exposure to drug/metabolite at 
a final concentration of 1.5 jlg/ml, that is 
moderately toxic to patients and apparently 
able to affect P-170-mediated drug efflux in 
vivo [11). 

Cytofluorimetry and Cytotoxicity Assays 

Purified, fluorescein isothiocyanate (FITC)
labelled annexin V was used for the cytoflu
orimetric determination of apoptotic cells 
(Bender MedSystems, distributed by Pro
dotti Gianni, Milan, Italy) [12]. FITC-annex
in V 2.5 jlg/ml was added to cellular suspen
sions according to the manufacturer's 
technical recommendations. FITC-annexin 
V, and anthracycline ± CsA incorpora
tion/efflux studies were performed accord
ing to published methods [12,13] on a FAC
Scan flow cytometer (Becton Dickinson, 
San Jose, CA, USA) equipped with an argon 
excitation laser light (488 nm wavelength) 
and 530/30 nm (FLO and 585/42 nm (FL2) 
band pass filters. Cellular fluorescence of 
1 X 106 cell/ml was determined using FLl 
(FITC-annexin V) and FL2 (ANT) filters 
with use of the appropriate negative con
trols and fluorescence compensation. Re
sults of drug/metabolite incorporation 
studies were expressed as fluorescence in
dex (FI), corresponding to percent cellular 
fluorescence x mean fluorescence intensity 
of samples. All values were subtracted of 
negative control experiments. Cell death 
rates by anthracyclines ± CSA were meas
ured by the standard MTT test [14). Cells at 



8000 

Drugs: 
nglml: 

a Drug 
uptake (30') 

DNR IDA 
200 400 50 100 

b Metabolite 
uptake (12-h) 

Dnrol leIaol 
50 100 10 20 

c Drug + Metabolite 
uptake/retention 

0+01 1+01 
200 400 50 100 

+50 +100 +10 +20 

--0-- cern 
---0-- cem"vbl 

~ cemlvbl+CsA 

Fig.l a,b,c.FI from different drug concentrations ± CsA. a DNR and IDA early uptake (after 30 min incuba
tion). b DNRo! and IDAo! uptake (after 12 h incubation); c DNR/DNRo! and IDA/IDAo! uptake/retention 

a concentration of 2 X 105 cell/ml were dis
pensed in 96-well tissue culture plates, and 
drugs were added at the concentrations 
shown above. Plates were incubated for 96 h 
at 37°C in humidified 5% CO2, Ten fll of 
MTT 5 mg/ml in phosphate-buffered saline 
were added to each well and the plate was 
incubated for 4 h. Formazan crystals were 
dissolved with 0.1 ml of 0.04 N HCI-iso
propanol. Optical density (OD) of wells was 
measured after 15 min a Multiscan MCC340 
microplate reader (Labsystem, Helsinki, 
Finland) at 540 nm and 620 nm. The cyto
toxicity index (CI %) was calculated by the 
equation (I-OD treated well/OD untreated 
well) x 100. 

Statistics 

Results are means and SD of three diffe
rent experiments, each performed in dupli
cate. Comparisons were by means of Stu
dent's test. Reference values for each test 
were obtained in CEM or CEM-VBL cells 
with the less active drug (DNR/DNRol), at 
lower concentration (200/50 ng/ml) and 
without CsA. Comparative results were also 
expressed as fold-increments from base
lines. 

Results 

Drug Uptake and Retention Studies 

Cellular drug uptake after 30 min incubation 
and without CsA was higher for IDA than for 
DNR, in a fashion that was proportional to 
drug concentration and, notably, more evi
dent in CEM-VBL than CEM cells (Fig.1a). 

The figure documents how IDA enters 
mdr-1 + cells at a much greater rate than 
DNR, even at the fourfold lower concentra
tions corresponding to the therapeutic 
ranges achievable in patients. By adding 
CsA, FI of both drugs increased significantly 
in CEM -VBL cells, up to the levels of DNR in 
CEM cells, with a marginal advantage for 
IDA. Higher drug concentrations were asso
ciated with increased uptake rates, which in 
turn were better with IDA than DNR and 
with CsA than without (Fig. 1a). Numerical 
details of tests performed with lower DNR 
and IDA concentrations are given in Table 1. 

Figure 1b shows results of intracellular 
DNRol and IDAol accumulation after 12-h 
incubation with low concentrations of both 
compounds. Only low IDAol FI levels were 
detectable in CEM -VBL cells, and apparently 
there was no effect by CsA. Lastly, Figure 1c 
shows uptake and retention study results of 

477 



Table 1. Comparative DNR and IDA uptake by CEM -VBL cells, ± CsA 

Cells Drug(s) DNR/IDA FI (± SD) Fold pvaluea 

ng/ml variationa 

CEM DNR 200 3197 ± 870 
CEM-VBL DNR 200 262 ± 73 -12.2 0.004 
CEM-VBL DNR+CsA 200 1914 ± 747 -1.67/+7.3 ns/0.019 
CEM-VBL IDA 50 1554 ± 295 -2/+5.93/-1.23 0.036/0.002/ns 
CEM-VBL IDA + CsA 50 2728 ± 767 -1.17/+ 10.4/+ 1.42 ns/0.005/ns 

a Compared with CEM/DNR (first figure), CEM-VBL/DNR (second figure) and CEM-VBL/DNR+CsA (third 
figure) ns denotes nonsignificant pvalue ~ 0.05. 

Table 2. Comparative uptake/retention by CEM -VBL cells of varying concentrations of IDA/IDAol and DNR/ 
DNRol,± CsA 

Cells Drugsa D/ol,l/ol FI (± SD) Fold pvalueb 

ng/ml variationb 

Lower drug concentration: 
CEM D/ol 200/50 2987 ± 804 
CEM-VBL D/ol 200/50 36 ± 23 -82.9 0.003 
CEM-VBL D/ol + CsA 200/50 355 ± 280 -8.4/+9.86 0.006/ns 
CEM-VBL 1/01 50110 1818 ±465 -1.64/+50.5/+5.12 ns/0.003/0.01 
CEM-VBL l/ol+CsA 50110 1762 ± 368 -1.69/+48.9/+4.96 ns/0.001l0.006 

Higher drug concentration: 
CEM D/ol 400/100 5409 ± 1411 
CEM-VBL D/ol 400/100 88 ± 73 -61.5 0.003 
CEM-VBL D/ol+CsA 400/100 1043 ± 245 -5.2/+ 11.8 0.006/0.003 
CEM-VBL 1/01 100120 3538 ± 657 -1.5/+40.2/+3.39 ns/0.001l0.004 
CEM-VBL 1/01+ CsA 100/20 3136 ± 569 -1.7/+35.6/+3 ns/0.001l0.004 

a D/ol,DNR+DNRol; l/ol,IDA+IDAol. 
b Compared with D/ol in CEM cells (first figure), D/ol in CEM-VBL cells (second figure) and D/ol+CsA in 

CLM -VBL cells (third figure). 
ns denotes nonsignificant p value ~ 0.05. 

drug (30 min incubation) plus metabolite 
(l2-h incubation) combinations, which is 
quite similar to what happens in vivo as pre
viously described. In CEM -VBL cells, FI with 
IDA/IDAol was distinctly higher than with 
DNR/DNRol, at any concentration, but, con
trary to early drug uptake studies (Fig. 1a 
and Table 1) and differing from the latter 
drug type, the result was not modifiable by 
CsA. This means that, with IDA, incremental 
effects by CsA were maximal during early 
cell uptake, after which time long-term re
tention was independent of CsA co-admin
istration (and P-170 mechanism), while the 
continuous DNR extrusion was still liable to 
the modulatory effects of CsA. Numerical 
data of drug plus metabolite experiments 
are given in Table 2. Most notably, FI values 
of IDA/IDAol 100120 ng/ml in CEM-VBL 
cells were as high as with DNR/DNRol 
200/50 ng/ml in CEM cells. 
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Apoptosis and MTT Cytotoxicity Assay 

The results of drug-induced apoptosis were 
evaluated after 36 h from end of incubation 
with drugs. In previous tests (data not 
shown), we found that annexin V binding by 
cells exposed to increasing concentrations of 
anthracyclines was detectable after 12 hand 
peaked after 24-48 h. Results of the assays 
carried out with drug plus metabolite combi
nations are presented in Fig. 2a and Table 3. 

Apoptotic cell rates were higher with 
IDA/IDAol and with CsA. The IDA/IDAol 
100/20 ng/ml plus CsA combination gave, in 
CEM-VBL cells, results similar to that by 
DNR/DNRoI200/50 ng/ml in CEM cells, thus 
reproducing strictly the observations made 
in the drug uptake and retention cytofluori
metric study. 

The MTT assay evaluating cytotoxic ef
fects by anthracyclines and performed with-



Table 3. Comparative apoptosis of CEM -VBL cells by varying concentrations of IDA/IDAol and DNRIDNRol, 
±CsA 

Cells Drugsa Dlol, I/ol AnnexinV Fold pvalueb 

nglml positive (%) variationb 

Lower drug concentration: 
CEM Dlol 200/50 29 ± 9 
CEM-VBL Dlol 200/50 0 -29 0.005 
CEM-VBL D/ol+CsA 200/50 0 -29 0.005/ns 
CEM-VBL I/ol 50/10 6±3 -3.83/+6/+6 0.014/0.022/0.022 
CEM-VBL I/ol+ CsA 50/10 13 ± 10 -2.23/+ 13/+ 13 ns/0.035/0.035 
Higher drug concentration: 
CEM Dlol 400/100 67 ± 11 
CEM-VBL Diol 400/100 0 -67 0.0001 
CEM-VBL D/ol+ CsA 400/100 3±5 -22.3/+3 O.OOllns 
CEM-VBL lIol 100120 14 ± 2 -4.8/+ 14/+4.6 0.00110.000110.02 
CEM-VBL I/ol+ CsA 100120 35 ± 7 -1.9/+35/+11.7 0.014/0.00110.003 

a D/ol,DNR+DNRol; lIol, IDA+IDAol. 
b Compared with Dlol in CEM cells (first figure), Diol in CEM-VBL cells (second figure) and D/ol+CsA in 

CEM -VBL cells (third figure). 
ns denotes nonsignificant pvalue 2': 0.05. 
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out CsA confirmed the greater cytotoxicity 
of IDA/IDaol towards CEM-VBL cells, par
ticularly at higher drug concentrations (Fig. 
2b).A notable finding was that CsA alone ex
erted a significant inhibitory effect on cell 
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growth. CsA accounted approximately for 
> 95% of cell growth inhibition in DNR/ 
DNRol tests and for> 75% in IDA/IDAol 
tests (Fig. 2b and Table 4). 
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Table 4. Comparative cytotoxicity on CEM-VBL cells by varying concentrations of IDA/IDAol and DNR/ 
DNRol,± CsA 

Cells Drugs" 0/01, I/ol Cytotoxicity Fold pvalueb 

ng/ml index (%) variationb 

CEM-VBL CsA 49 ± 10 

Lower drug concentration: 
CEM 0/01 200/50 45 ± 10 
CEM-VBL 0/01 200/50 1 ± 2 -450.0001 
CEM-VBLD/ol + CsA 200/50 47 ± 14 + 1.04/+47 ns/O.OOOI 
CEM-VBL I/ol 50/10 12 ± 10 -3.7/+12/-3.9 0.0001/0.05/0.002 
CEM-VBL I/ol+ CsA 50/10 55 ± 7 + 1.2/+55/+ 1.2 ns/O.OOO1/ns 

Higher drug concentration: 
CEM 0/01 400/100 75 ± 5 
CEM-VBL 0/01 400/100 2±3 -37.5 0.0001 
CEM-VBL 0/01+ CsA 400/100 48 ± 14 -1.6/+24 0.004/0.0001 
CEM-VBL I/ol 100120 34 ± 10 -2.2/+17/-1.4 0.0001/0.0001/ns 
CEM-VBL I/ol + CsA 100120 62 ± 9 -1.2/+31/+ 1.3 0.019/0.0001/ns 

" 0/01, DNR + DNRol; I/ol, IDA + IDAo!' 
b Compared with 0/01 in CEM cells (first figure), 0/01 in CEM-VBL cells (second figure) and D/ol+CsA in 

CEM-VBL cells (third figure). 
ns denotes nonsignificant pvalue 2: 0.05. 

Discussion 

In this chapter we evaluated comparatively 
the in vitro effects of therapeutic dosages of 
DNR and IDA on aT-lymphoblastic cell line 
exhibiting the mdr-1 multidrug resistance 
mechanism. Our observations validate and 
extend prior studies indicating an advantage 
for IDA. Berman and McBride [7] and Ross 
and others [8] performed a similar study us
ing drug concentrations of 1000 ng/ml, that 
cannot be achieved in vivo. Damiani and 
others [10] and Kuffel and others [9] tested 
the cytotoxic effects oflower IDA concentra
tions, including those we considered here, 
but after very long incubation times of 3-7 
days that are again beyond feasibility in pa
tients. Moreover in two of these studies the 
activity of the cytotoxic IDA alcohol metab
olite was not tested [7,10]. Instead, we used 
combinations of drug plus metabolite at the 
concentrations previously ascertained in 
plasma of leukaemia or cancer patients re
ceiving intravenous DNR 45 mg/m2 and IDA 
10-15 mg/m2, respectively [3, 5]. Pharma
cokinetic data from these studies were used 
to select the appropriate incubation times, 
which were rather short (30 min) for parent 
drugs, the peak plasma level of which is sub
ject to a rapid fall, and longer (12 h) for their 
metabolites with prolonged half-life. The de-
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cision of adding CsA 1500 ng/ml fixed-dose 
was developed along the same lines of evi
dence, because similar or even higher CsA 
levels were achieved in patients with refrac
tory acute leukaemia tolerating intravenous 
CsA 6 mg/kg as a bolus followed by 
16/mg/kg/d as continuous infusion for four 
consecutive days [11]. The ultimate rational 
behind our study was that, since IDA was re
ported less vulnerable to mdr-1-mediated 
transport than other anthracyclines, it 
would perhaps represent the anthracycline 
of choice for in vivo attempts to overcome 
mdr-1 overexpression with CsA or other P-
170 downregulator. Favourable results with 
IDA and the novel and more potent P-170 in
hibitor PSC 833 were preliminarily reported 
[15]. 

The data collected fit the widely accepted 
view that IDA enters mdr-1 + leukaemic cells 
at a greater rate than DNR, due to a greater 
lypophilicity and relative P-170 invulner
ability. Additionally, it appears from our 
comparative analysis of cellular FI that it is 
only in the early phase of drug-cell interac
tion that IDA uptake may benefit from P-170 
downregulation by CsA. The data obtained 
with DNR were different, showing long-term 
modulability by CsA which correspond to a 
cellular pattern of continuous drug extru
sion. This difference could reveal advanta-



geous to patients, because CsA could be giv
en for a shorter period thereby causing less 
toxic side effects. We are currently studying 
in greater detail CsA-IDA interectations, to 
confirm whether and when exposure to CsA 
could be stopped after IDA. 

In the second part of our study we as
sessed pro-apoptotic effects by anthracy
cline drugs and their metabolites by means 
of a highly sensitive and specific cytofluo
rimetry technique revealing early apopto
sis-related structural changes in cell mem
branes [12]. As expected, apoptosis rates 
correlated well with drug uptake/accumula
tion, varying significantly in function of cell 
type (mdr-1- vs mdr-1 +), drug type (DNR/ 
DNRol vs IDA/IDAol), concentration (low vs 
high) and CsA (- vs +). In keeping with cellu
lar drug accumulation study results, pro-ap
optotic effects by IDA/IDAol 100120 ng/ml 
+CsA in mdr-1 + cells were as high as with 
standard DNR/DNRol concentrations in 
mdr-1-cells, whereas the activity of DNR/ 
DNRol was negligible even in the presence of 
CsA. 

Lastly, examining DNR and IDA effects by 
the conventional MTT assay for in vitro 
drug cytotoxicity, we obtained results con
sistent with FI and apoptosis assays and in 
favour of the higher IDA concentration. The 
marked cytotoxicity from CsA was an unex
pected finding. Because CsA is primarily an 
inhibitor of T lymphocyte proliferation, it 
could, by analogy, suppress the growth of a 
T-cell related malignancy. However a recent 
report from St. Jude's Hospital (Memphis, 
TN, USA) documented cytotoxicity (in
creased apoptosis after 96 h by CsA against 
several T and B lineage leukaemic cell lines 
including multidrug resistant lines [6]. The 
fact that we did not observe any significant 
degree of apoptosis by CsA alone after 36 h 
may simply indicate that CsA-dependent cy
totoxicity may become detectable later, 
namely in the MTT assay at 96 hours. Be
cause of this, and of the presence of an inde
pendent mdr-1 downregulator in intrave
nous CsA preparations, cremophor EL [17], 
intravenous CsA stands out as a downregu
lator of (mdr-1 +) leukaemic cell prolifera
tion by at least three distinct and perhaps 
synergistic mechanisms: direct cytotoxicity 
unrelated to P-170, inhibition of P-170 func-

tion and enhancement of cytotoxicity by P-
170 substrates, and concurrent inhibition of 
P-170 by CsA oily vehicle cremophor EL. The 
effects of IDA plus new powerful mdr-1 neg
ative regulators, such as PSC-883 [15], and 
the spectrum of their activities in compari
son with the complex properties of CsA, 
need to be almost entirely worked out. 

If these findings are put in relation to the 
management of patients with mdr-1 + leu
kaemias, the conclusions are that IDA 
should be preferred to DNR in clinical stud
ies with CsA or other P-170 modulator, and 
that chosen IDA dosages should warrant an 
intracellular IDA/IDAol accumulation as 
high as that we found relatively effective in 
the in vitro study (corresponding to 100120 
ng/ml in the medium or, alternatively, in pa
tient plasma). Available in vivo pharmacoki
netic data show this to be possible with a sin
gle IDA dose :2: 12 mg/m2. 
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Abstract. A potential clinical use of gene 
transfer technology would be to introduce 
via a retroviral vector, cDNAs encoding mu
tant forms of dihydrofolate reductase 
(DHFR) into hematopoietic progenitor cells, 
thus allowing high doses of methotrexate 
MTX to be safely administered. Mice bear
ing a chemotherapy sensitive breast cancer 
tumor, treated with high dose cyclophos
phamide treatment and transplantated with 
bone marrow cells transfected with a mutant 
DHFR cDNA, tolerate high doses of MTX 
post transplant, leading to cure. 

Additional studies are described that in
dicate that the use of a mutated nerve 
growth factor receptor (mNGFR) engi
neered into a vector also containing the S 31 
mutant DHFR cDNA, allows identification of 
CD34+ hematopoietic progenitor cells that 
are expressing this surface protein. 

Introduction 

Several clinical studies are planned or are in 
progress: [1] to introduce suicide genes into 
tumor cells (e.g., HSV thymidine kinase, 
bacterial cytosine deaminase), then treat pa
tients with non-toxic prodrugs that are acti
vated by tumor cells selectively; [2] to intro
duce cytokine genes into the tumor cells, 
with the aim to stimulate the immune re
sponse; [3] to introduce normal tumor sup
pressor genes to replace defective genes; [4] 
to introduce anti-sense sequences that 

would decrease expression of oncogenes; or 
[5] to introduce drug resistance genes into 
bone marrow progenitor cells. The rationale 
for this last approach is that the drugs used 
in cancer chemotherapy usually have a steep 
dose-response, curve and increasing doses 
to even 2-3 fold may increase anti-tumor re
sponse significantly [3]. The two drug resis
tance genes tested extensively for this pur
pose are mutant dihydrofolate reductase 
(mDHFR) [4-8] genes and the multi-drug 
resistance (MDR-l) gene [9-19]. Other 
cDNAs that impart a resistance phenotype to 
transfected cells are also under investigation, 
including glutathione transferase (resistance 
to alkylating agents), [20] 06alkyl transferase 
(nitrosoureas), [21-23] and aldehyde dehy
drogenase (cyclophosphamide) [24-25]. 

Another important use of drug resistance 
genes is as selectable markers. Introduction 
of a second, non-selectable gene in the retro
viral vector may allow it to be co-expressed 
when cells are treated with a selecting agent. 
Variant forms of DHFR cDNAs are particu
larly attractive for this purpose, as they are 
relatively small and thus other genes can be 
accommodated in retroviral vectors. MTX, 
the selecting agent, has enjoyed wide use as 
an anticancer agent, and low doses have 
been safely employed to treat non-neoplas
tic diseases, e.g., rheumatoid arthritis, graft 
versus host disease, and psoriasis [26]. 

DHFR catalyzes the formation of tetrahy
drofolate, a folate coenzyme that mediates 
the transfer of one carbon units in purine 
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and pyrimidine biosynthesis [26]. This en
zyme is a target for MTX, a widely used 
chemotherapeutic agent. Certain mutations 
or an increase in the activity of this enzyme 
result in resistance to MTX. We recently dis
covered that a mutation in codon 31 (phe ® 

ser) decreases markedly the binding of MTX 
to DHFR, yet is functional as an enzyme, and 
thus may serve as a dominant selectable 
marker [7]. This mDHFR, introduced into 
hematopoietic stem cells via a retroviral vec
tor protected these cells from MTX toxicity 
[8]. More recently, we have generated "dou
ble" mutations in codons 22 and 31 respec
tively. These double mutants provide even 
higher levels of resistance to MTX than oth
er single DHFR mutations [27]. 

Retroviral vectors have been extensively 
studied, and efficiency, safety, and feasibil
ity for clinical use have been tested [28]. 
Retrovirus vectors are the most efficient 
vectors when target cells are hematopoietic 
cells. Since the development of the newer 
generations of virus packaging cell lines, 
which require more than three recombina
tion events to produce replication compe
tent retrovirus particles, generation of help
er viruses has not been observed [29,30]. 
Also, to date, a large number of patients 
have been treated with gene therapy proto
cols using retroviral vectors and no obvious 
side effects or secondary cancers have been 
reported. 

In this paper we review studies with mu
tant forms of DHFR (mDHFR) cDNA intro
duced into hematopoietic cells to provide 
protection against MTX toxicity. In a model 
system, using mice bearing a transplanted 
breast cancer, we show that post transplant 
doses of MTX can improve curability of this 
tumor in animals with marrow transplanted 
after infection with a mDHFR retroviral 
construct. 

Materials and Methods 

CBA/J male mice, 7 -11 weeks of age are used 
as marrow donors. Bone marrow is harvest
ed 4 days after treatment of 5FU (150 
mg/kg), and mononuclear cells are recov
ered after Ficoll separation. Bone marrow 
cells are infected by co-culture with virus 
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producer cells irradiated with 1500 cGy. The 
infections are carried out in IMDM media 
containing 20% FCS, with either 10% WEHI
B conditioned media or with a combination 
of Kit -Ligand, IL-3 and IL-6, in the presence 
of 8 Ilg/ml of polybrene [18] or 4 mg/ml of 
protamine. 

CFU -GM assays are carried out as follows: 
105 marrow cells are plated on a grid petri 
dish (10 X 35 mm), in 1-2 ml of media con
taining 1% a-methylcellulose, 20% FCS 
treated with thymidine phosphorylase, 10% 
WEHI-B media and 1 X 10-7 M MTX. CFU
GM colonies are scored after 12-14 days. 

Detection of Transduced Genes. DNA-PCR 
and RT-PCR analysis for the altered DHFR 
gene and the NEO gene are performed on 
peripheral blood nucleated cells isolated by 
Ficoll-Hypaque separation. Two months af
ter transplant, these mice are used as donors 
and additional mice are transplanted after 
irradiation and on day 12, mice are sacri
ficed to analyze CFU -S and bone marrow 
cells for NEO by Southern blot analysis and 
PCR amplification. DNA sequencing is per
formed for the DHFR gene to confirm the 
presence of the mutated gene in CFU -S, mar
row and peripheral blood nucleated cells 
[7]. 

peR Analysis of the Altered DHFR cDNA. High 
molecular weight DNA is extracted from 
bone marrow or CFU-S. Using this DNA as a 
template, asymmetric PCR amplification is 
performed with GTNC-l and DHFR250 oli
gos at the ratio of 50:1. Direct sequencing is 
performed with an internal primer, 
DHFR151. 

The sequences of primers used are: 
DHFRI51: 5'-CCAGATTCTGTT-

TACCTTCTAC-3' 
GTNC-I 5' -CCTCGGCCTCTGAGC

TAT-3' 
DHFR250: 5'GAG GTT CCT TGA GTT 

CTCTGC-3' 
GTHinDIII -1: 5'TTCAGTATAAGCTTAT

CCGCGTGCTGTCATGGTT
GGTTCGCT-3' 

RT-PCR to detect the expression of a 
mDHFR DHFR cDNA is carried out as fol
lows: Total cellular RNA is extracted and re-



versely transcribed. A PCR is performed 
with following primers: 

GTHinDIll-l and DHFR250. Product size 
260bp. 

Results 

Generation of New DHFR Mutants 

We have created several new mutations of 
DHFR by site-directed mutagenesis [27]. 
Mutagenesis is performed using a polyme
rase chain reaction technique involving two 
separate sets of primers; one set flanking the 
entire cDNA ofDHFR and the second set be
ing complimentary to each other and con
taining the desired mutations. The primers 
used for mutagenesis are as follows: 

To introduce a F22 mutation: 
5-CCAGGGTTTGTCCCCGTT -3 
3-GGTCCCAAACAGGGGCAA-5 

To introduce a Y22 mutation: 
5-TGGCCAGGGTACGTCCCCGTTCTC-3 
3-ACCGGTCCCATGCAGGGGCAAGAA-3. 

Double mutants, F22S31 and Y22S31 were 
created with these primers by using S 31 mu
tated DHFR cDNA as a PCR template. The 
PCR products were digested with NcoI/Hin
DIll sites and subc10ned into a pKT7 bacte
rial expression vector containing the same 
restriction sites. The resulting ligation mix
tures were used to transform E. coli BL21 to 
express the enzymes to be characterized. 
Also, the complete cDNAs of the different 
DHFR mutant species were sequenced and 
no other mutations were found. These 
DHFR mutant enzymes were characterized 

(Table 1). The double mutant Y22S31 is po
tentially 200-fold more effective than the 
previously used ser 31 mutant for generation 
of high level resistance as estimated by Ki X 

Kca/Km· 

The Mouse as a Model to Test Gene Transfer in Vivo 

Experiments are in progress to determine if 
whole body irradiation is required for en
graftment of transduced marrow in mice, 
and to test the value of MTX as a selectable 
agent. Using DC/SVhDHFRS31, transduced 
bone marrow was transplanted to unirradi
ated recipient mice. With low dose MTX se
lection, we were successful in obtaining PCR 
signals of mDHFR and Neo from spleen col
onies, although the percentage of PCR posi
tive colonies was lower than those of trans
planted irradiated mice. These preliminary 
experiments show that with MTX selection, 
transplanted bone marrow can engraft and 
effective chimerism can be induced without 
prior irradiation. Additional studies are 
planned using the optimal mDHFR con
struct to test the feasibility of such an ap
proach. 

Mice Bearing a Transplanted Mammary Carcinoma 
Tolerate Curative Doses of MTX After Transplanta
tion with a Retroviral Construct Containing a 
Mutated Dihydrofolate Reductase eDNA 

In these experiments (repeated X 2), mice 
were inoculated subcutaneously with 5 X 
106 E0771 mammary adenocarcinoma cells, 
a tumor moderately sensitive to both cyc1o-

Table 1. Enzyme kinetic parameters and binding affinity of MTX for recombinant wild -type and mutant vari
ants of human DHFR 

Enzyme Kj(MTX) Kc,,1Km Kj.Kca,lKp; Fold increase 
(nM) (s- 11M-I) (103 X s- ) 

wt 0.0012 159 0.19 1 
Ser 31 0.24 16 3.8 20 
Phe22 0.11 46 4.9 26 
Gly31 0.35 30 10 53 
Tyr22 1.98 10 20 100 
PHE22-Ser 31 25.6 3.6 90.0 478 
Phe22-Gly31 29.4 3.3 96.5 508 
Tyr22-Ser 31 41.6 3.8 160 842 
Tyr22-Gly31 150 1.4 216 1140 
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phosphamide (CTX) and MTX. Eight days 
later, when the tumors had grown to 0.5-0.7 
em in volume they were treated with CTX, 
200 mg/kg i.p.,q.d.x3 (LD IOO)' followed 24 h 
later by transplantation with marrow from 
donor mice that had been transduced by a 
retroviral construct containing a mutant 
DHFR eDNA, or marrow not transduced 
with a retroviral construct. Following the 
transplant, treatment with low dose MTX (5 
mg/kg, i. p., b.i.w x 2 weeks) was followed one 
week later by a single i.p. dose of MTX (600 
mg/kg). A control group that did not receive 
a transplant died of CTX toxicity. A second 
control group transplanted with normal 
marrow, but not treated with MTX post 
transplant, died of tumor regrowth. In con
trast, the animals in the experimental group 
were able to tolerate the post transplant dose 
of MTX and 5 of 10 animals had complete 
and lasting tumor regression (Fig. 1). Inte
gration of a marker NEO gene and the 
mDHFR gene in DNA from marrow cells was 
demonstrated by PCR. These results support 
the premise that transfection of bone mar
row cells with a eDNA imparting drug resis
tance may allow dose intensification and im
prove curability for certain tumors. 
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Increasing MTX Resistance with (o-Expression of 
Genes Increasing Purine or Thymidine Salvage 

DHFR is required for thymidylate and purine 
synthesis. Therefore, resistance to MTX may 
be potentiated by genes which allow increased 
salvage of thymidine or purines when co-ex
pressed with a mutated DHFR. We recently 
constructed two vectors which express HSV
tk or XGPRT as well as Serine 31 DHFR 
(DC/SV6s31-tk and DC/SV6s31-GPT). HSV
tk or XGPRT alleviate MTX toxicity partially, 
as they rescue thymidine and purine synthe
sis pathways, respectively. Thus, both vectors 
augment MTX resistance conferred by S 31 
DHFR. In particular, DC/SV6S31-tk infected 
3T3 cells are very resistant to short term expo
sure to MTX, and the ED90 of these cells is 
more than 3D-fold higher than that of 
DC/SV6S31 infected 3T3 cells (Fig. 2). Also, 
this vector renders infected cells sensitive to 
gancidovir as this anti-viral is an excellent 
substrate for the HSV -tk enzyme. This suicide 
function imparted by HSV -tk can be very use
ful as a backup to eradicate contaminating tu
mor cells in the peripheral stem cell/bone 
marrow preparation, if necessary, by treat
ment with gancidovir. 
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Fig.l.Results of two different experiments using groups of mice bearing the EO??1 mammary carcinoma. Af
ter treatment with CTX as described in the text, the animals were randomized into groups and treated as fol
lows: A, +-+, experimental group; B, 6 - 6, control group, not receiving a marrow transplant; C, 0-0, a 
control group receiving a transplant with normal marrow, but not receiving MTX post transplant; D +- - -+, 
a control group receiving a transplant with a retroviral construct not containing mutant DHFR (mock) 
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Utilization of a Retroviral Vector Encoding a (ell 
Surface Marker as a Means of Evaluating Transduc
tion and Expression Efficiency as well as Providing a 
Mechanism for Enrichment ofTransduced (ells 

We have developed a system to rapidly and 
reliably detect the successful transduction of 
CD34+ cells utilizing a retroviral vector 
based on the MFG retroviral backbone en
coding a mutated Nerve Growth Factor Re
ceptor (p75) (NGFR) expressed on the cell 
surface. This mutated receptor does not bind 
Nerve Growth Factor. Using a tagged anti
body against this vector-encoded molecule, 
we can readily determine levels of gene 
transfer and expression in a transduced cell 
population and cells expressing the protein 
can be isolated by FACS or by immunomag
netic bead separation. 

In multiple experiments with a high titer 
amphotropic retroviral vector, we per
formed CD34+ cell separation from chemo
therapy/cytokine mobilized peripheral 
blood mononuclear cells, followed by 72-96 
h of cytokine prestimulation (with ILl, IL3 
and KL), 24 h of co-culture transduction, 
and a 72 h period of proliferation to allow for 
protein expression. Over this time period, 
we observed a 12.1- to 22.4-fold expansion 
of cell numbers, which is comparable to our 
previously reported experiments, and was 
similar regardless of whether cells were co
cultured on retroviral producer cells or 

packaging cells without virus [8]. At the end 
of this time period, when this cell population 
was stained with an anti-NGFR antibody 
(and secondarily FITC-Iabeled), significant 
levels of gene transfer and subsequent cell 
surface protein expression were detected by 
flow cytometric analysis (Fig. 3). Cells were 
also co-stained with a PE labeled anti-CD45 
antibody to confirm that they were of he
matopoietic origin (rather than contaminat
ing low levels of retroviral producer cells 
from the co-culture); 3.4 to 15.3% of the cell 
population transduced in this initial system 
demonstrated vector-derived NGFR protein 
on their cell surface (as well as CD45 expres
sion). Background detection with this meth
od, on cells cocultured on packaging cells 
without vector, is minimal (less than 1 %). 

Furthermore, ll.s to 14.3% of the cell 
popUlation in these experiments (with ILl, 
IL3 and KL) are CD34+ at the end of this cul
ture period. Co-staining with aPE-labeled 
anti-CD34 antibody reveals that 4.9 to 11.5% 
of these CD34+ cells have also been success
fully transduced and are expressing the sur
face protein (Fig. 3). Similar rates of trans
duction and expression were observed with 
the cytokine combination of IL3, KL and IL6 
(3.8 to 13.4% of cells co-expressed CD45 and 
NGFR). Our data suggests that a progenitor 
cell population had been successfully trans
duced and was expressing vector-derived 
protein following this initial protocol. 
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Discussion 

Work from this laboratory and other labora
tories have identified several mutant forms 
of DHFR that maintain catalytic activity and 
yet bind MTX poorly [27,31,32]. In particu
lar, substitutions at the 22 position (phe or 
tyr for leu), or the position 31 of DHFR (gly 
or ser for phe) give rise to mutants with de
sirable properties for gene transfer studies as 
described in this chapter Recently, we have 
described several "double mutants", e.g., mu
tations in both codons 22 and 31 that may 
even be more useful for generating high lev
els of resistance to inhibitors of this enzyme 
[27]. 

Introduction of a second cDNA into retro
viral vectors affecting a metabolic pathway 
(either purine salvage or thymidine salvage) 
may also increase the level of resistance pro
duced to MTX and related DHFR inhibitors. 
Of particular interest is the DHFR and the 
HSV-tk construct; not only does it produce a 
high level of resistance to MTX, but the HSV
tk gene imparts a suicide function if tumor 
cells are inadvertently transfected with this 
retroviral construct. 

The studies with the breast cancer model 
demonstrate nicely the potential of this ap
proach for the treatment of human malig
nancies. In patients with breast cancer who 
are transplant candidates (responding ad
vanced disease, or patients with more than 
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10 positive axillary nodes), peripheral blood 
stem cell transplants have been used follow
ing intensive chemotherapy regimens in an 
attempt to obtain long term regressions and 
even cure. However results to date for pa
tients with advanced disease show complete 
regressions lasting 2 years or more in only 
20% of individuals, indicating that there is 
considerable room for improvement [33, 
34]. Introduction of drug resistant genes 
into PBSC may allow treatment and even 
dose intensification post transplant, per
haps providing the additional cell kill neces
sary for complete tumor eradication. 

Encouraged by these results and our stud
ies showing that transduced cells may be se
lected by the use of antibodies to a co-ex
pressed membrane protein (mNGFR), we 
are planning to initiate a clinical trial in pa
tients with breast cancer in the near future. 
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Abstract. Cellular drug resistance is an impor
tant determinant of the clinical outcome with 
chemotherapy, but has not been well studied 
in childhood acute myeloid leukemia (AML). 
We therefore initiated a cooperative study 
on drug resistance, using the colorimetric 
methyl-thiazol-tetrazolium (MTT) assay in 
Amsterdam, of childhood AML patient sam
ples treated according to the German AML
BFM protocols. This report concerns a pre
liminary analysis of the results on 55 success
fully tested AML samples obtained at initial 
diagnosis. In 8 cases the MTT assay failed, so 
the technical success-rate of the assay was 
87% (55/63). The group of patients with a 
prognostically favorable FAB type (Ml and 
M2 with auer rods, M3, M4 with eosinophils) 
was not more drug sensitive in vitro com
pared to the complementary group. FAB M5 
samples were more sensitive to vincristine 
and l-aspagarinase than the other FAB types. 
The initial response to induction chemother
apy (cytarabine, etoposide, and daunorubicin 
or idarubicin) as determined by the percent
age of bone marrow blasts at day 15 of treat
ment was related to in vitro drug resistance. 
The group of patients with more than 5% 
blasts had AML cells that were more resistant 
to daunorubicin (3-fold, p=O.03), borderline 
significantly more resistant to idarubicin (2.4-
fold,p=O.06) and etoposide (3.3-fold,p=O.07), 
and not significantly more resistant to cytara
bine (1.6-fold, p=O.12) than the patients with 
less than 5% blasts. 

In conclusion, the MTT assay may identify 
subgroups of AML patients that are particu
larly sensitive or resistant to certain drugs. 
In addition, response to induction chemo
therapy may be predicted by cellular drug 
resistance testing. However, more patients 
and longer follow-up are necessary to allow 
definite conclusions. 

Introduction 

Cellular drug resistance, together with clini
cal pharmacokinetics and the regrowth po
tential of residual cells, determines the clini
cal outcome after chemotherapy [1,2]. How
ever, there is a lack of knowledge on cellular 
drug resistance in childhood acute myeloid 
leukemia (AML). Yet, treatment results in 
childhood AML need further improvement 
[3]. We therefore initiated a cooperative 
study on drug resistance in childhood AML. 
Samples of both initially diagnosed and re
lapsed patients treated according to the Ger
man AML-BFM treatment protocols are sent 
to our research laboratory of pediatric on
cology in Amsterdam. There, the colorimet
ric methyl-thiazol-tetrazolium (MTT) assay 
is performed, among other techniques. The 
MTT assay is a reliable short-term total cell 
kill drug resistance assay [4]. In childhood 
acute lymphoblastic leukemia (ALL), we and 
others showed that the results of the MTT as
say correlate well with clinical and cell bio-

1 Department of Pediatrics, Free University Hospital, De Boelelaan 1117, 1081 HV Amsterdam, The Nether
lands 

2 AML-BFM Study Group, Germany 
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logical features [2,5-7] and to the long-term 
clinical outcome [2, 8, 9]. In childhood AML, 
several groups reported significant correla
tions between in vitro drug resistance and 
clinical outcome in small patient-groups [2, 
1 0-l3], including our own group [14]. 

In this chapter, we will report the prelimi
nary results on childhood AML samples ob
tained at initial diagnosis, with emphasis on 
the correlation of cellular drug resistance 
with FAB type and initial response to induc
tion chemotherapy. Previous clinical studies 
showed that FAB type, together with infor
mation on the presence of auer rods and eo
sinophils, has prognostic significance [3]. 

Materials and Methods 

Patients 

By the end of 1996, samples of 100 AML pa
tients had been sent to Amsterdam (research 
laboratory of pediatric oncology, Free Uni
versity Hospital) for cellular drug resistance 
testing. In 79 patients, samples had been ob
tained at initial diagnosis. Sixteen samples 
were not tested, mainly because of too few 
blasts, rarely because of a delay in the trans
port of the sample to Amsterdam. Out of the 
63 remaining samples, 55 (87%) were suc
cessfully tested. According to FAB type, it 
concerned 8 Ml, l3 M2,2 M3, 15 M4, 7 M5 
and 2 M7 cases. In 8 cases FAB type was not 
(yet) known. According to previous AML
BFM studies, the group of FAB type Ml and 
M2 with auer rods, M3, and M 4 with eosino
phils have a more favorable prognosis than 
the complementary group. 

Most patients were treated according to 
German AML-BFM protocol 1993, some ac
cording to protocol 1987. Induction chemo
therapy consisted of cytarabine, etoposide, 
and either daunorubicin or idarubicin. At 
day 15 of induction, bone marrow aspiration 
was done to determine the response by the 
percentage of leukemic blasts. 

MTTAssay 

Leukemic cells were isolated from bone 
marrow or blood by gradient centrifugation 
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and incubated with or without drugs in 96-
well microculture plates in culture medium 
for four days (4). Six wells contain culture 
medium only to blank the reader. After 4 
days, MTT is added. Only living cells can re
duce MTT into formazan crystals. These 
crystals are solubilised using acidified iso
propanol, and the optical density is meas
ured spectrophotometrically. Each drug is 
tested at 6 concentrations in duplicate. The 
results are corrected for the control cell sur
vival (mean survival of 6 wells with leukem
ic cells in medium only), which is set at 
100%. The dose-response curves are used to 
calculate LC50 values, the drug concentra
tion lethal to 50% of the cells. A large num
ber of drugs is tested, including more typical 
AML drugs such as cytarabine (ARA), dau
norubicin (DNR), idarubicin (IDR), etopo
side (VPI6), and thioguanine (6TG), but 
also more typical ALL drugs such as vincris
tine, I-asparaginase, and prednisolone, and 
newer agents such as 2-chloro-deoxyadeno
sine and 5-azacytidine. 

Results 

FAB Type and Drug Resistance 

A prognostically favorable FAB type (up to 
25 samples successfully tested) was associat
ed with a remarkable resistance to cytara
bine and etoposide compared to a prognosti
cally unfavorable FAB type (up to 19 samples 
successfully tested). This is shown in Table 1. 

Table 1. For five drugs important in current AML 
treatment, the median LCSO value of the patients 
with a clinically prognostically favorable FAB type is 
divided by the median LCSO value of the other 
group. A ratio above 1 means that the group of pa
tients with a favorable FAB type is more resistant to 
that drug 

Resistance ratio of 

Drug 
clinically low versus 
high risk FAB type P-value 

Cytarabine 1.7 0.Ql 

Etoposide 3.9 0.03 

Daunorubicin 1.8 0.28 

Idarubicin 1.4 0.29 

Thioguanine 0.7 0.72 
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Fig.l.Relation between in vitro resistance to induction drugs (ARA cytarabine, VP16 etoposide,DNR dauno-
rubicin, IDR idarubicin) and initial response to induction treatment, defined as good «5% blasts in bone 
marrow at day 15) or poor (>5%) 

The drug resistance profiles of all separate 
FAB types were compared, which was ham
pered by the small numbers tested sofar. 
However, the group of? FAB M5 samples was 
relatively in vitro sensitive to many drugs, 
including vincristine (median 8.5-fold), 1-
asparaginase (median 3.5-fold) and 2-chlo
ro-deoxyadenosine (median 3.6-fold), com
pared to the group of patients with other 
FAB types. 

Response to Induction Chemotherapy and 
Drug Resistance 

Patients with >5% BM blasts at day 15 of in
duction treatment (n=12) had more resist
ant AML cells in vitro than patients with 
< 5% blasts (n=28). This was significant 
for daunorubicin and a borderline signifi
cance for etoposide and idarubicin, as 
shown in Table 2. Individual LCSO values are 
shown in Fig. 1. 

Two out of three patients who did not 
achieve complete remission (CR) because of 
resistant disease, had AML cells resistant in 
vitro to etoposide and anthracyclines, as 
shown by the LC50 values in Table 3. The fol-

Table 2. For the induction drugs, the median LC50 
value of the patients with more than 5% blasts in 
their bone marrow at day 15 of treatment was divid
ed by the median LC50 value of the other group. A 
ratio above 1 means that the group of patients with a 
less favorable response to induction chemotherapy 
is more resistant to that drug 

Resistance ratio of 
group with >5% versus 

Drug <5% BM blasts at day 15 P-value 

Cytarabine 1.6 0.12 
Etoposide 3.3 0.07 
Daunorubicin 3.0 0.03 
Idarubicin 2.4 0.06 

low-up on the patients is too short for a 
meaningful analysis of the relation between 
the occurrence of a relapse and in vitro cel
lular drug resistance. 

Discussion 

Knowledge on cellular drug resistance in 
childhood AML is limited. An ongoing coop
erative study has been initiated, and prelim-
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Table 3. LC50 values in flg/ml for three patients who did not achieve complete remission in relation to the me
dian LC50 value of each drug for the group of patients who did enter complete remission (CR) 

Drug Patient 1 Patient 2 

Cytarabine Not tested 0.46 
Etoposide Not tested 31.7 
Daunorubicin 0.28 1.33 
Idarubicin 0.15 0.38 

inary results on the AML samples obtained 
at initial diagnosis are presented here. 

Remarkably, patients with a prognostical
ly favorable FAB type had AML cells that 
were relatively in vitro drug resistant. Obvi
ously, the favorable prognosis can not be ex
plained by differences in cellular drug resis
tance, at least not as detected by the MTT as
say. The MTT assay is most suited to look at 
the total cell population, and may not identi
fya subpopulation of, e.g., 5 or 10% highly 
resistant cells. However, such a subpopula
tion may be responsible for a relapse. Alter
natively, regrowth resistance may playa role 
[15]. Of interest, FAB M5 AML cells were rel
atively in vitro sensitive to drugs typically 
used in ALL, especially vincristine and 1-
asparaginase. For vincristine, this is in 
agreement with the fact that FAB M5 cells 
have relatively low myeloperoxydase activ
ity, while it has been shown that myelope
roxydase activity is associated with resis
tance to vincristine [16,17]. In general,AML 
samples were significantly more resistant to 
vincristine than ALL cells [18]. For I-aspa
raginase, our observation is in agreement 
with the results of Diibbers et al. [19], who 
showed that AML cells of patients classified 
as FAB M5 have low asparagine synthetase 
activity, that would render cells sensitive to 
I-asparaginase treatment. The relatively 
poor prognosis of AML type FAB M5 might 
be improved by a more intensive use of these 
ALL drugs, vincrisine and I-asparaginase. 
FAB M5 cells were also relatively sensitive to 
2-chloro-deoxyadenosine, a promising new 
agent in the treatment of AML. It has been 
reported that for children with AML the 
clinical response to a monotherapy with 2-
chloro-deoxyadenosine was highest among 
AML FAB M5 patients [20]. 

Patients with a relatively poor response to 
induction chemotherapy as determined by 
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Patient 3 CRpatients 

0.72 0.55 
25.0 10.8 
0.45 0.30 
1.12 0.19 

the bone marrow at day 15 had AML cells 
that were more in vitro resistant than those 
of the relatively good responders. This is in 
agreement with several studies showing that 
initial treatment response correlates well 
with in vitro cellular drug resistance meas
urements in childhoodAML [2,10-14]. This 
study will be continued and longer follow
up will have to show whether long-term clin
ical outcome can also be predicted by the 
MTTassay. 

In conclusion, it is feasible to perform a 
study on childhood AML samples send from 
German centers to Amsterdam. The MTT as
say may identify subgroups of AML patients 
(e.g., FAB M5) that are particularly sensitive 
or resistant to certain drugs, which informa
tion would be very useful for rational im
provements of current treatment protocols. 
In addition, response to induction chemo
therapy may be predicted by cellular drug 
resistance testing. However, more patients 
and longer follow-up are necessary to allow 
definite conclusions. 
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Abstract. Advances in chemotherapy and 
supportive care have significantly improved 
the prognosis of patients with AML, but 5-
35% of them fail to respond to induction 
therapy and up to 90% of patients who 
achieve complete remission relapse within 2 
years. Drug resistance is presumed to be the 
major cause of these chemotherapy failures. 
Several studies have reported the clinical 
relevance of both long-term clonogenic and 
various short-term non-clonogenic in vitro 
drug resistance assays. In particular, the 
MTT assay is a rapid, simple automated test 
based on the reduction by living cells of dim
ethylthiazol-diphenyl-tetrazolium bromide 
to a coloured formazan product. After 2 days 
of drug exposure, in vitro responses of leu
kemic samples can be measured by spectro
photometry. 

We evaluated in vitro chemosensitivity 
with the MTT assay on blast cells from adult 
patients with AML at onset of disease. 62 pa
tients with AML diagnosed according to the 
FAB criteria (2 MO, 3 Ml, 32 M2, 7 M4, 12 M5, 
5 M6, 1 M7) were included in our study. The 
drugs tested were ARA-C,MITOX,DNR,IDA 
and VP-16; each drug was tested in different 
concentrations in triplicate. We also evaluat
ed the cytotoxicity of ARA-C plus VP-16 or 
DNR or IDA or MITOX, in different concen
trations. Leukemic cell survival (LCS) was 
calculated by the following equation: LCS = 
OD treated wells/OD control wells x 100. 
Sensitivity was defined as less than 50% LCS 
at the highest concentration of the drug. 
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We found in vitro sensitivity in 79% of 
samples tested with IDA, in 73% with DNR, 
in 62% with MITOX, in 47% with VP-16 and 
in 44% with ARA-C. The combination of 
ARA-C plus VP-16 showed a significantly 
higher cytotoxicity than ARA-C or VP-16 
alone, whereas the cytotoxicity of DNR, IDA 
and MITOX was not increased by ARA-C. 
The MTT test correlated with the in vivo re
sponse in 62% of patients; in particular, pa
tients with correlation between the MTT test 
and in vivo response were significantly 
younger than patients without correlation. 

Introduction 

Despite treatment improvements in adult 
acute myeloid leukemia (AML), 5-35% of 
patients fail to respond to induction therapy 
and up to 90% of patients who achieve com
plete remission relapse within 2 years [1,2]. 

As the first cause of these poor results 
seems to be drug resistance of all leukemic 
cells or only a subset of them with high clon
ogenic activity, many in vitro drug resis
tance assays have been developed aiming to 
predict clinical response to induction thera
py and to select drugs for individualizing 
therapy. 

Several studies have reported that the re
sults of in vitro drug sensitivity assays could 
be associated with clinical outcome: in par
ticular, the long-term clonogenic assay was 
first described in AML to have a good clini-



cal correlation, as regards response to induc
tion treatment and duration of complete re
mission. 

If the chemosensitivity of clonogenic cells 
does not differ significantly from that of the 
predominant non-clonogenic leukemic 
clone, non-clonogenic short-term assays 
may also be able to predict clinical response 
and long-term outcome [4]. 

The differentiating staining cytotoxicity 
(DiSC) and fluorimetric microculture cyto
toxicity assays (FMCA) and 3-[4,5-dime
thylthiazol-2-yl]-2,5-diphenyl tetrazolium 
bromide (MTT) test are a better choice for 
selecting drugs to use for induction therapy 
because they provide results in only 48 h 
compared to the 14 days of the clonogenic 
test [5-7]. 

Among them, the MTT assay is particu
larly interesting as in addition to being sim
ple to perform, it is automated and reprodu
cible, being based on the reduction by living 
cells of 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl tetrazolium bromide, to a forma
zan precipitate measurable by spectropho
tometry at 540 nm [8-11]. 

We have already reported the feasibility 
and the ability of the MTT assay to evaluate 
in vitro chemosensitivity in AML patients; 
in this study we confirm these results and 
compare in vitro sensitivity to drugs used 
for induction therapy with clinical response 
in 62 AML patients [12]. 

Materials and Methods 

Cells 

A total of 62 leukemic cell samples was ob
tained from the peripheral blood and/or 
bone marrow of patients with newly diag
nosed adult acute myeloid leukemia. The 
mononuclear cells were isolated on a Ficoll 
density gradient, washed twice and resus
pended in Iscove's Modified Dulbecco Medi
um containing 20% heat-inactivated fetal 
calf serum, 1.250 Ill/ml gentamycin and 40.3 
11 Vrnl of a 7.5% sodium bicarbonate solu
tion. Viability was determined by the Try
pan-Blue exclusion test and stained smears 
indicated that there were more than 90% 
leukemic cells in all cases. There was no dif-

ference in drug resistance between bone 
marrow and peripheral blood samples. 

Treatment 

Patients under 60 years were treated accord
ing to the GIMEMA-EORTC protocol in
cluding DNR 50 mg/m2 or MITOX 12 mg/m2 

or IDA 10 mg/m2 (3 days) plus ARA-C 100 
mg/m2 (10 days) plus VP-16 100 mg/m2 

(5 days). Patients over 60 years were treated 
according GIMEMA protocol including 
MITOX 8 mg/m2 or IDA 10 mg/m2 (3 days) 
plus ARA-C 100 mg/m2 (5 days) plus VP-16 
100 mg/m2 (3 days). 

Drug Exposure 

The drugs tested were Cytosine-Arabino
side (ARA-C), Mitoxantrone (MITOX), Dau
norubicin (DNR), Idarubicin (IDA), Etopo
side (VP-16). Each drug was tested in three 
concentrations in triplicate. The concentra
tion ranges (0.001-10 11M for DNR, IDA and 
MITOX,0.Ql-100 11M forVP-16, 0.1-1000 11M 
for ARA-C) cover clinically achievable con
centrations in the serum of patients. Ali
quots (90 Ill) of cell suspension (3-4 X 106 

cells/ml) were added to 10 III of the various 
drug solutions in a 96-well round bottomed 
microculture plate. Three wells containing 
cells and 10 III of medium were used to de
termine control cell survival. The plate was 
incubated in a humidified atmosphere for 2 
days at 37°C in 5% CO2• Cells were continu
ously exposed to the drug throughout this 
period. 

We also evaluated the cytotoxicity of 
ARA-C plus VP-16 or DNR or IDA or MITOX 
in different concentrations. 

MTTassay 

Ten III of MTT solution (5 mg/ml) were add
ed to each well and, after gently shaking for 
1 min, the plate was incubated for a further 
5 h. MTT was reduced to a coloured forma
zan and then the formazan crystals were dis
solved with 100 III of DMSO. The optical 
density (OD) of the wells, linearly related to 
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the cell number, was measured with a micro
plate reader (Titertek Multiskan) at 540 nm. 
Leukemic cell survival (LCS) was calculated 
by the following equation: LCS = (OD treat
ed wells 1 OD control wells) x 100. Sensitivity 
was defined as less than 50% leukemic cell 
survival at the highest concentration of the 
drug. 

CD34 and Lymphoid-Associated Antigen Expression 

A leukemic cell suspension of 100 ml was in
cubated with 10 ml of conjugated monoclo
nal antibody (CD34, CD2, CD4, CD7, CDlO, 
CD19) for 20 min at 4°C in the dark; an iso
type matched monoclonal antibody was 
used as negative control. After washing, cells 
were processed with a FACScan flowcytome
ter (Becton Dickinson); samples were con
sidered positive when more than 20% of the 
cells expressed the antigen. 

MDR Expression 

MDR expression was analyzed using the 
MDR specific antibodies C219 and MRK-16 
with the techniques described in detail else
where; samples were processed on a FAC
Scan and considered positive when contain
ing more than 10% MDR + cells. 

Marrow Leukemic Index 

The marrow leukemic index (MLI) calculat
ed on bone marrow aspirates, representing 
the residual (%) of initial leukemic cell mass 
(% blasts X cellularity), was calculated ac
cording to the following formula: 

Blasts (%) X cellularity 

MLI= (afterthe first course of therapy) X 100. 
Blasts (%) X cellularity (pretherapy) 

Clinical Correlation 

We considered the in vitro results to be cor
related with clinical response when patients 
achieved complete remission and at least 
one of the drugs used in vivo was in the 
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range of the in vitro sensitivity or when pa
tients had resistant disease and all the drugs 
used in vivo were in the range of in vitro re
sistance. The in vitro results were judged not 
to be correlated with clinical response when 
the patient had resistant disease whereas at 
least one drug used in vivo was in the range 
of in vitro sensitivity or when patients 
achieved complete remission whereas all the 
drugs used in vivo were in the range of in vi
tro resistance. 

Statistics 

Differences in clinical and laboratory fea
tures among patients with or without corre
lation between clinical response and MTT 
test were analyzed using the Wilcoxon test. 
Statistical analysis of the in vitro-in vivo re
lationship was performed with Chi Square 
contingency table analysis. 

Results 

Patients and Drugs 

62 patients with AML at onset were included 
in our study: 30 males and 32 females with a 
median age of 58 years (range 16-78); white 
blood cell counts ranged from 0.5 to 
207xl06/ml (median 21.4); there were 2 MO, 
3 Ml,32 M2, 7 M4, 12 M5,5 M6 and 1 M7 cas
es according to the FAB criteria [13]. 

The characteristics of the patients, divid
ed into two groups according to the correla
tion of the MTT results with clinical re
sponse, are reported in Table 1; statistical 
analysis indicated that patients with correla
tion were significantly younger (p < 0.01). 
There were no differences between the two 
groups as regards FAB type, Marrow Leu
kemic Index, CD34, lymphoid-associated 
antigens and MDR expression. 

In vivo, 32 patients (52%) responded to 
chemotherapy and 30 failed to respond 
while in vitro, 47 samples (76%) were found 
to be sensitive to at least one of the drugs 
used in vivo and 15 were resistant to all test
ed drugs. In detail, we found in vitro sensi
tivity in 45/47 (79%) samples tested with Id
arubicin, in 41/56 (73%) with Daunorubicin, 



Table 1. Characteristics of patients 

Total cases 

M/F 
Median age (range) 
CD34+ 
LDH 
MLI 
Ly+ 
C219+ 
MRK-16+ 

S/SRIR 

37 

19/18 
51 (16-78) 
6/36 
704 (143-1411) 
2.45 (0-7l2) 
15/37 
17120 
9111 

S/RRIS 

25 

13112 
61 (19-72) 
15/24 
550 (285-2057) 
24.1 (0.5-184.6) 
10/25 
11116 
11112 

p< 0.01 

Abbreviations: S (Sensitive),R (Resistant): in vitrolin vivo 

in 38/61 (62%) with Mitoxantrone, in 29/61 
(47%) with Etoposide and in 25/57 (44%) 
with Cytarabine. All the drugs showed con
centration-dependent cytotoxicity. 

Clinical Correlation 

The clinical correlation could be evaluated 
in all patients because at least 3 of the 5 
drugs tested in vitro were then used in vivo. 

The MTT test correlated with the in vivo 
response in 37 of 62 patients (60%): 27 
in vitro sensitive patients achieved com
plete remission and 10 in vitro resistant pa
tients had resistant disease. Among the pa-

Table 2. Characteristics of patients with no correlation 

Total cases 

M/F 
Median age (range) 
CD34+ 
LDH 
MLI 
Ly+ 
C219+ 
MRK-16+ 

SIR 

20 

1119 
61 (19-72) 
14/19 
467 (285-2057) 
45.1 (0.6-184.6) 
8/12 
9/13 
10/10 

tients with no correlation, 20 in vitro sensi
tive patients had resistant disease and 5 in 
vitro resistant patients achieved complete 
remission. The 5 patients who were resistant 
in vitro but responded in vivo to chemo
therapy showed significantly lower values 
of Marrow Leukemic Index (MLI) compared 
to the 20 in vitro sensitive patients who 
failed to respond (p < 0.05), but had a 
very low disease free-survival (DFS) 
(Table 2). 

When we analyzed patients according to 
age we found that the MTT test correlated 
with in vivo response in 73% (25/34) of pa
tients under 60 years of age but only in 43% 
(12/28) of patients over 60 (Table 3) (Fig.I). 

RIS 

5 

2/3 
63 (43-7l) 
115 
1097 (457-812) 
1.1 (0.5-2.5) 
2/5 
2/3 
112 

p<0.05 

Abbreviations: S (Sensitive),R (Resistant): in vitrolin vivo. 

Table 3. Clinical response and in vitro results according to age 

CR 
NR 

Total cases 

S 
27 
20 

R 

5 
10 

< 60 years 

S 
21 
7 

R 
2 
4 

> 60 years 

S 
6 

13 

Abbreviations: CR: complete remission; NR: non responder; S: in vitro sensitive; R: in vitro resistant. 

R 
3 
6 
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Table4. Clinical response and in vitro results according to each single drug 

ARA-C VP-16 DNR IDA MITOX 

S R S R S R S R S R 

CR 18 12 15 11 6 14 5 9 2 
NR 7 19 4 18 3 11 5 3 1 
P <0.05 <0.02 n.v. n.s. n.v. 

Abbreviations: CR: complete remission; NR: non responder; S: in vitro sensitive; R: in vitro resistant. 

% 

Fig. 1. Clinical correlation ac
cording to age 

Fig.2.Percentage of in vitro sensitivity in patients who achieved complete remission (blank blocks) and in pa
tients who had resistant disease (filled blocks) 
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Fig. 3. Percentage of patients sensitive in vitro to VP-J6, DNR, IDA, Mitox, ARA-C alone (blank blocks) or as
sociated withARA-C (filled blocks) 

As regards correlation of in vitro results 
for single drugs, only for Cytarabine and 
Etoposide was there a significantly higher 
frequency of sensitivity in vitro in patients 
that achieved complete remission compared 
to patients that failed to respond (p <0.05 
and p < 0.02 respectively) (Table 4, and 
Fig. 2); moreover, the age factor did not in
fluence these results. Only in 19/35 (54%) of 
patients treated with Idarubicin was there 
correlation with clinical response; for Mi
toxantrone and Daunorubicin it was not 
possible to analyze the results statistically 
because of the low number of assessable pa
tients, but correlation was found in 10/15 
(67%) of patients treated with Mitoxantrone 
and in 7/11 (64%) treated with Daunorubi
cin. 

The combination of Cytarabine plus 
Etoposide showed a significantly higher cy
totoxicity than ARA-C or VP-16 alone, while 
the cytotoxicity of Daunorubicin, Idarubicin 
and Mitoxantrone was not increased by Cy
tarabine (Fig. 3). 

Discussion 

Advances in chemotherapy and supportive 
care have significantly improved the progno
sis of patients with AML, but 5-35% of them 

fail to respond to induction therapy and 50-
90% of patients who achieve complete remis
sion relapse within 2 years. Drug resistance is 
presumed to be the first cause of failure in the 
treatment of adult AML, while CD34 positiv
ity has been associated with the expression of 
P-glycoprotein. Other Authors have also re
ported that CD34 positivity is associated 
with in vitro D NR resistance [14, 15]. 

In the present study we found no correla
tion between the FAB subtype, MLI, CD34, 
lymphoid associated antigens or MDR ex
pression and in vitro chemosensitivity. In
stead, there was a strong correlation 
between the age of the patients and the re
sults of clinical correlation. In particular, an
alyzing patients according to age we found 
that the MTT test correlated with in vivo re
sponse in 73% of patients under 60 years of 
age versus 43% of patients over 60. 

The lack of correlation in elderly patients 
could be attributable in part to less aggres
sive chemotherapy, while the percentage of 
in vitro chemosensitivity did not change 
with the age of patients. These results sug
gest that the MTT assay may be useful in 
evaluating chemosensitivity and in selecting 
drugs for induction therapy only in younger 
AML patients. 

Idarubicin, Daunorubicin and mitoxan
trone showed the highest overall cytotoxic-
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ity while the chemosensitivity of etoposide 
and cytarabine was significantly correlated 
with clinical response, regardless of the 
patient's age. 

The increased cytotoxicity showed by the 
combination of cytarabine and etoposide 
seems to justify the clinical use of these 
drugs despite the low cytotoxicity they 
demonstrated when assayed alone. 
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Drug Resistance Testing of Acute Myelogenous Leukemia in Adults
Initial Results with the MTT Assay 

N. STUTE, T. KOHLER, 1. LEHMANN, G. EHNINGER 

Abstract. Drug resistance is a major cause of 
treatment failure. Drug sensitivity in vitro 
can serve as prognostic parameter in leuke
mias. While a considerable amount of data is 
available in children, data of short-term as
says in adult leukemia are still limited. 

We therefore studied adult patients with 
newly diagnosed AML. MTT tests were per
formed according to Pieters et al. More than 
14 cytostatic drugs were tested in a wide 
range of concentrations over 4 days and 
compared with controls. If necessary, blasts 
were enriched > 80% by negative selection 
with dynabeads. Percent S-phase was meas
ured at begin of assay and after 4 days. Up to 
now, samples from 40 adult AML patients 
were prospectively tested in vitro at diagno
sis. Technical success rate was about 90% and 
IC50 values as a measure for drug resistance 
were highly reproducible. Large differences 
in drug resistance between patient samples 
were observed (over 1000 fold on average). 

There was a correlation of in vitro sensi
tivity between the topoisomerase II related 
drugs mitoxantrone, daunorubicin, amsa
crine and etoposide. Also we found a corre
lation of in vitro drug resistance with cytog
enetic risk for drugs like ara-C and mitoxan
trone, whereas other clinical prognostic pa
rameters like patient age, initial WBC, FAB 
subtype and % S-phase do not show a corre
lation up to now. Correlations with outcome, 
and comparison of MTT test with SIA assay 
will be performed. Tests like these may aid in 
the rational choice of drugs in patients with 

poor prognosis or relapse and with condi
tioning regimens, and thus improve therapy 
outcome. 

Introduction 

Drug sensitivity in vitro can serve as a valu
able prognostic parameter in leukemias, as 
has been shown in prospective studies espe
cially in children with ALL [1]. In adults 
there are relative few data regarding short
term assays in AML [2-8], but there is also 
emerging evidence of the prognostic rele
vance of in vitro testing in adultAML [9,10]. 
A major aim of our study is to evaluate the 
MTT in vitro test for AML in adults. In par
ticular, we want to investigate its feasibility, 
reproducibility, interindividual variability 
and prognostic significance - like correla
tions with known prognostic factors, initial 
clinical response and ultimately disease free 
survival. 

Materials and Methods 

Up to now, samples from 40 adult patients 
with AML at diagnosis have been prospec
tively tested in vitro, including two patients 
with secondary leukemia and two patients at 
relapse. Median age (ran§e) was 51 years 
(17-72) and WBC 66 x10 /1 (7-359); there 
were three MO, eleven M1, twelve M2, two 
M3, six M4, five M5 and one M6 according to 

Medical Clinic I, Technical University Dresden, Fetscherstr. 74,01307 Dresden, Germany 
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FAB classification. Patients were treated ac
cording to SHG (Siiddeutsche Hamo
blastosegruppe) cooperative study AML 
91196 or EORTC APL 93 protocol. 

MTT tests are performed according to 
Pieters et al. [11]: MNC are obtained from 
peripheral blood or bone marrow after den
sity centrifugation. Each drug and concen
tration is tested on microtiter plates in du
plicate with 8-16 x 104 cells per well over 4 
days and compared with controls without 
drug on day 4 (= 100% cell survival). More 
than 14 cytostatic drugs are tested over a 
wide range of concentrations. Drugs are 
stored in dilutions at -20 (C for < 3 months 
prior to testing. Less than 107 blasts are 
needed to test 3 cytostatic drugs. If neces
sary, RBC lysis is performed and blasts are 
enriched> 80% by negative selection with 
dynabeads (12). Blasts are then incubated 
for 4 days at 37 (C with 5% CO2 in RPMI-
1640 DM with 15% FCS and addition of ITS 
(insulin, transferrin, selenite). 

MTT - a tetrazolium dye - is added after 4 
days, and cells are incubated for another 6 
hours. Living cells metabolize the dye and 
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form coloured crystals, which are dissolved 
by the addition of acidic isopropanol. Ab
sorption is measured by ELISA reader at 570 
nm. Samples are considered evaluable if the 
drug-free control wells contain> 80% leu
kemic cells before and> 70% leukemic cells 
after 4 days of culture, and if control optical 
density (OD) on day 4 exceeds 0.15. Data is 
obtained by Mikrowin software (from Mik
rotek), and concentration-survival data are 
analyzed by sigmoid regression using the 4-
parameter function with Sigma-Plot (from 
Jandel Scientific). IC50 and IC90 values are 
calculated - the concentration at which 50 or 
90% of cells are killed - and serve as a meas
ure for the degree of cytostatic drug resis
tance. Percent S-phase of leukemic blasts is 
determined by methods described else
where [13]. 

Results 

Median cell viability of control (range) at 
start of assay was 97% (88-99) and after 4 
days 80% (47-97); optical density of controls 
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Fig.l.Assay reproducibility from day to day. Frozen samples from a CML patient in blast crisis with 86% blasts 
were tested on different days by different people. Shown are results and interassayvariability for n=9 experi
ments,also the 10,25,75 and 90% percentiles and individual values outside this range. Measured ICso values 
are sorted from high to low for each drug tested 
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Table 1.ICso values - the concentration at which 50% ofleukemic blasts are killed - and median relative resis
tance of adult AML compared to children (n=40). Relative resistance is calculated by dividing ICso values of 
adults by median ICso values reported for children withAML where available. If relative resistance is > 1, then 
AML blasts from adults are more resistant than those from children and vice versa. # Concentration of 
L-asparaginase in IVlml 

Drug 

Ara-C 
Mitoxantrone 
Busulfan 
Daunorubicin 
Amsacrine 
Etoposide 
Prednisolone 
Dexamethasone 
L-Asparaginase 
6-MP 
6-TG 
Teniposide 
Idarubicin 
Vincristine 

a 
LO 

o 

1000 

100 

10 

1 

0,1 

0,01 

o 

o 

HD~ 

LD_ 

Median 

3.3 
0.57 
235 
0.46 
1.4 
9.7 
172 

>3000 
0.54# 
927 
37 
2.3 

0.36 
10 

o 0 

~ -

ICso [JlM] 
Range 

(0.3-1478 ) 
(0.07-15) 

(I 7-> 1000) 
(0.1-7.1) 

(0.01->30 ) 
(0.6-208) 
(0.1->3000) 

(0.01->3000) 
(0.01->30) 
(8.6->3000) 
(7.4-185) 
(0.1-121) 

(0.03-2.8) 
(0.01->100) 

o 

o o 

o 

# 

o 
o 

8 

- -

Relative 
Resistance 

1.5 
1.8 

1.3 
0.9 
0.9 
0.4 

0.5 
1.5 
0.7 
3.6 

3.4 

o 
'D"-

o 

o 

o 

Fig.2. ICso values as measure of cytostatic drug resistance of adult AML in vitro (n=40). Shown are the 10,25, 
75 and 90% percentiles and individual values outside this range. For orientation, population peak levels from 
the literature of cytostatic drugs at usual dosages are inserted (-). 
HD = high dose, LD = low dose. However, in the clinical evaluation other factors also have to be taken into ac
count: e.g. IC90, pharmacokinetics and variability, infusion duration, drug stability, protein binding, metab
olism and mechanism of action. # Concentration of L-asparaginase in IVlml 
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Fig.3. AML in vitro drug resistance versus cytogenetic risk and FAB classification (n=40). Patients are sorted 
by increasing ara-C resistance of their blasts in vitro. Relative blast resistance for each drug was calculated di
viding ICso values of adult patients by median ICso values reported for children with AML. LR (n=3), SR 
(n=27) and HR (n=lO) - cytogenetic risk groups; stratification according to SHG (Siiddeutsche 
Hiimoblastosegruppe) cooperative study AML 96: LR = low risk: t( 8;21) without other abnormalities except 
-Y (M3 is being included here). SR = standard risk: all patients with no LR or HR abnormalities. HR = high 
risk: -S/del(Sq),-7/del(7q),other monosomies,inv(3q),abnl 12p,abnl llq, + 11,+13,+21,+22, t(6;9), t(9;22), 
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ReI. = relapse, 2nd = secondary leukemia. Note the similar behaviour of in vitro resistance for mitoxantrone, 
daunorubicin, amsacrine and etoposide in comparison to ara-C 

after 4 days was 0.40 (0.13-0.94). Technical 
success rate was about 90% in fresh samples 
even if sent by overnight mail, so that in vi
tro drug resistance testing could be success
fully performed in most patients. Percent s
phase at begin of assay was 3% (0.1-15) and 
after 4 days 9% (2-34). In vitro results were 
highly reproducible. Interday and interper
son variablility of measured IC50 values was 
small (Fig.l}.Median CVin % (range) of the 
IC50 for n=9 experiments and several drugs 
tested was 28% [13-47]. 

Leukemic blasts from 40 adults with AML 
were tested in vitro. Interindividual differ
ences in cytostatic drug resistance were 
large, as can be seen from the range of meas-
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ured ICso values (Fig. 2). IC90 values could be 
generated for all drugs, except busulfan, 
prednisolone, dexamethasone, L-asparagi
nase and 6-MP, and parallelled ICso values 
(data not shown). For better comparison 
ICso values of adults were divided by median 
ICso values reported for a larger cohort of 
children with AML (14). Median ICso values 
and median relative drug resistance of adult 
AML compared to children are shown in 
Table 1. 

Large differences between individual 
drugs were observed, with individual resis
tance profiles for each patient. Figure 3 
shows data from drugs commonly used in 
AML protocols, and patients are sorted by 



relative in vitro resistance to ara-C, a drug 
that has been shown to be of prognostic rel
evance in adult AML [9]. Patients resistant to 
one drug are not necessarily so to another. 
However, in vitro resistance to mitoxan
trone, unlike ara-C, correlated with resis
tance to daunorubicin, amsacrine and etop
oside (Fig. 3). If patients with ICso values 
above the median are classified resistant 
then 7 of 10 patients with high risk cytoge
netics were in vitro resistant, both to ara-C 
and mitoxantrone. 5 of 10 patients with high 
risk cytogenetics in their leukemic blasts 
were in vitro resistant to both drugs. 

So far no correlation could be found 
between in vitro drug sensitivity and other 
clinical risk factors like patient age, initial 
WBC,FAB classification and % S-phase (data 
not shown). Other risk factors like immuno
phenotype, prior MDS and relapse are being 
evaluated; further samples need to be tested 
before firm conclusions can be drawn. 

Discussion 

Ninety percent of AML samples can be as
sayed by the MTT test; this is a high techni
cal success rate compared to data published 
for ALL. Only 10-20 million leukemic cells 
are needed to test six cytostatic drugs, which 
equals on average 1 ml of bone marrow or a 
few mls of peripheral blood. Reproducibility 
of the in vitro data in our hands was remark
able for biological assays with an average CV 
of'" 25 % between days and technicians. 

Large interindividual differences exist in 
drug sensitivity between AML patient sam
ples; IC50 values varied by a factor of", 1000 
(25-300000 depending on the drug). It is 
likely that these differences somehow trans
late into different clinical response and ther
apy outcome. The in vitro sensitivity ob
tained in adults with AML is somewhat high
er than that reported for children [14]. In vi
tro results in part reflect clinical experience 
in AML and pharmacological knowledge. 
The poor response to steroids in adult AML, 
for instance, is mirrored in vitro; also the 
better response of AML to 6-TG than 6-MP. 

Relative drug resistance of patient blasts 
in comparison to a cohort of patients (indi
vidual ICso Imedian ICso) is meaningful and 

perhaps can serve as an important biologi
cal parameter. Interestingly, resistance to 
mitoxantrone correlated with resistance to 
daunorubicin, amsacrine and etoposide - all 
drugs which act via topoisomerase II -
whereas there was no correlation between 
mitoxantrone and the antimetabolite ara-C. 
A similar observation was made by Klumper 
et al. [9]. 

The differences in prognosis between cy
togenetic risk groups might be explained, at 
least in part, by the differences of in vitro 
sensitivity to cytostatic drugs. Correlations 
between in vitro results and initial clinical 
response or survival data are still too early to 
allow a conclusion regarding the prognostic 
value of MTT in vitro testing in adults with 
AML from our data; further patient accrual 
and longer follow-up are required. 

Comparison of MTT test with SIA assay 
[15] - a stromal cell based, flow cytometric 
assay - will be performed. Short term assays 
like these could provide valuable informa
tion for risk group stratification or aid in the 
rational and individualized selection of 
drugs, and thus perhaps improve therapy 
outcome. In vitro testing is also used in our 
laboratory to examine new drugs, modula
tors and drug combinations. 
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Predictive Value of Pretherapeutic In-Vitro Chemosensitivity Testing 
in AdultAML 
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Abstract. Individual prognosis in adult AML 
may still not be determined by known prog
nostic factors, e.g. age, cytogenetics. Short 
term in-vitro drug sensitivity tests such as 
the differential staining cytotoxicity (DISC) 
assay were developed to determine indi
vidual treatment outcome. We prospectively 
correlated DISC assay results and treatment 
outcome in patients (pts.) with AML using a 
new method of analysis. Pts. were treated ac
cording to the TAD-HAM regimen (thiogu
anine, Ara-C, daunorubicin-high dose Ara
C, mitoxantrone) in de-novo AML or the 
Ida-FLAG regimen (idarubicin, fludarabine, 
Ara-C, G-CSF) in relapsed or MDS-AML. 
The DISC assay was performed as described 
by Weisenthal et al. [1]. All drugs used for 
therapy were pretherapeutically tested at 5 
different concentrations in primary cell cul
tures in triplicate samples of each patient. 
Assay results measured in % tumor cell sur
vival (TCS) were transformed into a mathe
matical equation, which described the dose 
response relation. The area under the curve 
(AUC) and the calculated TCS at the middle 
test-concentration were then transformed 
into an index called chemosensitivity index 
Cj • If Cj was> 0.5 probability of clinical re
sponse to that drug was defined to be high, 
and if Cj was < 0.5 to be low. Remission dura
tion and survival were estimated according 
to the Kaplan-Meier method. In 65 pts. clini
cal outcome was evaluable; since 5 assays 
failed, 60 pts. were eligible for correlation; 43 
received the TAD-HAM regimen, 17 the Ida-

FLAG regimen. 53 pts. reached CR or total 
blast clearance in control BM aspirates and 
were found with Cj > 0.5 of at least one drug 
used for therapy (TP=true positive correla
tion). 6/7 pts. were nonresponders and iden
tified with Cj < 0.5 of all drugs given for 
treatment (TN=true negative). Only 1 pt. 
with Cj < 0.5 came into CR (FN=false nega
tive). TP=53, TN=6,FN=1. Thus, overall pre
dictive accuracy was 98%. Mean survival of 
the group with Cj > 0.5 was 672 days, median 
is not yet reached. Mean survival of the 
group with Cj < 0.5 was 86 days, median 92 
days (p<O.Ol, logrank). Mean remission du
ration (n=42; Cj > 0.5) was 449 days, median 
275 days. In conclusion, in-vitro chemosen
sitivity tests may provide a valuable tool for 
prediction of individual treatment outcome 
in pts. with AML. Prospective clinical trials 
using the DISC assay for treatment stratifi
cation and assay directed therapy strategies 
would be justified. 

Introduction 

Several prognostic factors have been identi
fied for treatment outcome in adult acute 
myeloid leukemia (AML), e.g., age, cytoge
netic abnormalities, initial white blood 
count, LDH, FAB-subtype etc. However, indi
vidual prognosis and response to treatment 
may still not be determined by these factors. 
Consequently, during more than 40 years of 
research many in- vitro drug sensitivity tests 
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have been developed in order to predict in
dividual treatment outcome in AML and nu
merous other neoplastic diseases. It could be 
shown that the differential staining cytotox
icity assay (DISC-assay) [I, 2], and also 
metabolic function assays such as the MTT
assay [3] are the short term in-vitro drug 
sensitivity tests of choice in acute leukemias. 
The accuracy of an in-vitro assay should be 
assessed not only by correlation of assay re
sults with response rates but also with re
mission duration and survival [4]. The ma
jority of published data consists of retro
spective rather than of prospective clinical 
correlations [4]. We, therefore, conducted a 
prospective study to correlate response to 
therapy, remission duration and overall sur
vival with its prediction by the DISC-assay 
in adult patients with AML using a new 
method of analysis. 

Material and Methods 

Patients and Treatment 

At our institution patients with de-novo 
AML were included into the German pros
pective randomized multicenter trial of the 
AMLCG (AMLCG-'92 trial) [5]. Induction 
therapy consisted of the TAD-HAM double 
induction regimen containing thioguanine, 
Ara-C, daunorubicin-high dose Ara-C, mi
toxantrone. Patients suffering from relapsed 
AML or AML with a history of preexisting 
myelodysplastic syndrorme (MDS-AML) 
were treated with the Ida-FLAG regimen 
consisting of idarubicin, fludarabine, Ara-C 
and G-CSF [6,7]. 

DISC Assay 

The DISC-assay was performed according to 
the methods described by Weisenthal et al. 
with minor modifications [1]. Briefly, bone 
marrow or peripheral blood specimens from 
each patient with AML were collected into 
heparin prior to the administration of chemo
therapy. Leukemic blast cells were isolated 
by Ficoll density gradient centrifugation, 
washed and suspended in RPM I 1640 culture 
medium supplemented with fetal calf serum 
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(FCS).All drugs used for treatment were test
ed at five concentrations in triplicate. The 
middle test concentration of each drug was 
chosen within the range of clinically relevant 
steady state plasma levels [8]. Drug (20 Ill) 
was added to 90000 cells in 180 III medium; 
phosphate-buffered saline (PBS) in medium 
served as a control. After 94 h of incubation 
(37°C, humidified 5% CO2), 50,000 fixed duck 
erythrocytes (DRBCs) were added to each 
tube in 10 III PBS containing 2% fast-green 
and 1 % nigrosin. The cells were transferred to 
collagen surfaced microscope slides by cyto
centrifugation, air-dried and counterstained 
with May-Grunwald-Giemsa stain. Subse
quent evaluation of slides by light microscopy 
facilitated the determination of drug efficacy 
at each concentration compared with con
trols. Assay results are expressed as percent 
tumor cell survival (% TCS). 

Data analysis 

TCS-data were transformed into the follow
ing mathematical equation by logarithm 
and linear regression for description of the 
dose response curve: 

TCS (conc) = ea+b*conc 
(conc = drug test concentration; e = expo
nential e; TCS = percent tumor cell survival; 
a = y-intercept; b = gradient; ,. = multiplica
tion). 

A typical dose response curve for Ara-C 
and prednisone in a patient with AML is il
lustrated in figure 1 a and 1 b: 

The area under the curve (AVC) as a 
measure for the in-vitro dose-response rela
tion and the calculated TCS at the middle 
test concentration (TCSm) were trans
formed into an index called chemosenisitiv
ity Index Cj : 

Cj = e-2.354*AUC*TCSm 

(-2.354 is a constant derived after correla
tion of Ci data of 20 AML patients with clini
cal response to induction therapy). 

For practical reasons the cut-off point for 
the prediction of resistance or response was 
adjusted at 0.5. If Cj was> 0.5 the probability 
of clinical response to that drug was defined 
to be high, and if Cj was < 0.5 probability of 
clinical response to be low. The highest scor
ing Cj of those drugs clinically used was 
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Fig. la, b. Computerized dose response curve (-) for Ara-C (a) and prednisone (b) derived from DISC-assay 
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called Cj-max. Correlation of Cj-max with 
patient response was assessed according to 
the definitions given in Table 1: 

Remision duration and survival curves 
were estimated according to the method de
scribed by Kaplan and Meier. Differences in 
survival between patients with Cj-max < or 
> 0.5 was assessed by the logrank test. 

Results 

In 65 patients clinical outcome was evalu
able; since five assays failed, 60 of 65 pa-

Table 1. Definition of correlation of chemosensitivity 
index Cj with clinical response 

Cj-max Response No response 

> 0.5 True positive (TP) False positive (FP) 
< 0.5 False negative (FN) True negative (TN) 

tients were eligible for correlation analysis. 
43 patients received the TAD-HAM regi
men and 17 the Ida-FLAG regimen for in
duction therapy. Results of correlation of Cj 
with clinical response are summarized in 
Table 2: 
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Table 2. Correlation of Cj-max with clinical response Table 3. Accuracy of DISC-assay results 

Cj-max Response 

>0.5 
<0.5 

53 (TP) 
1 (FN) 

Non-response 

o (FP) 
6 (TN) 

Results describing the accuracy of the DISC
assay in predicting treatment outcome are 
listed in table 3: 

Correlation of Cj-max with survival and 
remission duration is shown in figures 2 and 
3. Mean survival of the group with Cj-max 
> 0.5 was 672 days, median is not yet 
reached. Mean survival of the group with Cj-
max < 0.5 was 86 days, median survival 92 
days. The difference in survival between the 
two groups was statistically highly signifi
cant (p < 0.01, logrank). Mean remission du
ration was 449 days, median 275 days. 

In patients with Cj-max < 0.5 predomi
nantly unfavourable karyotypes were found 
except for one case with a t(8;21) transloca
tion (Table 4). 

l.0 

.8 

.§ .6 1:: 
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I .. 
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(n=53) 
" I" I _I I I I I I 1111 

Parameter Definiton Value (%) 

(+) Predictive accuracy TP/(TP+FP) 100 
(-)Predictiveaccuracy TN/(TN+FN) 86 
Overall pred. accuracy (TP+ TN)I 98 

(TP+ TN+FP+FN) 
Sensitivity TP/(TP+FN) 98 
Specifity TN/(TN+FP) 100 

Table 4. Cytogenetics in patients with Cj-max < 0.5 

Karyotype (Cj max < 0.5) 

-5 
-7 
Complex aberration 
t(8;21),XO 
n.d. 

Discussion 

n 

2 
1 
1 
1 
2 

In-vitro drug resistance assays have been 
developed with the ultimate aim of pre
dicting clinical drug resistance and to tailor 
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chemotherapy in patients with resistant dis
ease or poor prognosis. The vast majority of 
both clonogenic and non-clonogenic in-vi
tro chemosensitivity assays were able to pre
dict the short term clinical outcome in terms 
of CR [2, 4, 9], but few have reported the 
long-term clinical outcome in AML [8, 10, 
11] or ALL [12]. For the assessment of the ac
curacy of an in-vitro chemosensitivity assay 
it is necessary to compare the test results not 
only with short term outcome (clinical cor
relation) but also with patient survival [4]. 
Clinical correlations are usually obtained by 
categorising into sensitive or resistant both 
test results and patient response and com
paring the two. The definition of patient re
sponse is usually easy (response = CR or PR) 
whilst test results are not so easily catego
rized as the test results will usually make up 
a continuum from very sensitive through 
very resistant [4]. Defining a cut-off point 
between sensitive and resistant in vitro can 
in many cases only be done by comparison 
with the clinical data. In many studies the 
percentage of surviving tumor cells (e.g., 
30%) at a particular drug concentration or 
the inhibitory drug concentration to achieve 
a certain percentage of killed tumor cells 
(e.g., IC90) were used for cut-off points 
[2,3,9]. In contrast to these conventional, 
rigid cut -off point systems our newly devel
oped chemosensitivity index Ci takes into 
account the total dose response relation by 
using the AVe. 

The application of the Ci method for ana
lysing DISC-assay results in this series of 
AML patients demonstrated a precise pre
diction of clinical response to induction 
chemotherapy with an overall predictive ac
curacy of 98%. Furthermore, we found that 
patients with a Ci-max over 0.5 had a signifi
cant longer survival than patients with a Ci-
max below 0.5. It is important to notice that 
we could identify 6 patients with primary re
sistant disease within four days. Interesting
ly, the majority of these patients had prog
nostic unfavourable cytogenetic abnormal
ities. Only one patient found with Ci-max 
below 0.5 achieved a CR which lasted 22 
weeks; this patient had the prognostic fa
vourable translocation t(8;21), but died of 
septicemia after consolidation therapy 
without any signs of relapse. A possible rea-

son for this false negative correlation may be 
a reduced assay quality since viability of the 
control cells was less than 50%. 

Our data confirm that the DISC-assay is 
one of the most suitable in-vitro drug sensi
tivity tests for acute myeloid leukemias. To
gether with the chemosensitivity index Ci 
analysing method the DISC-assay provides a 
valuable tool for the prediction of individual 
treatment outcome in adult AML in terms of 
clinical response and also survival. The next 
stage must be to extend these observations 
to further prospective clinical trials where 
1. patients are randomised to receive best 

available therapy or assay directed thera
pyor 

2. treatment is stratified according to risk 
groups identified by assay results. 
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Functional Studies of Daunorubicin Transport in Human Leukemic Cells 

E. KNAUST\ A. GRUBER2, A. PORWIT-MACDoNALD3, and C. PETERSON1 

Abstract. We have compared daunorubicin 
accumulation and efflux in human leukemic 
cell lines (K562 and K562/V cr a mdrl-gene
expressing multi drug resistant sub line) and 
in leukemic cells from patients with acute 
myeloid leukemia. 

The accumulation and efflux were meas
ured by flow cytometry after incubation 
with daunorubicin for 1 h followed by wash
ing and reincubation in a drug-free medi
um. The efflux rate was determined by the 
decline in cellular drug concentration at 12 
time points within 60 min. 

By incubating K562/V cr cells with a 6-fold 
higher daunorubicin concentration, similar 
intracellular concentration could be 
achieved as in the parental K562 line. On 
washing and reincubation in drug-free me
dium the efflux of daunorubicin was more 
rapid from the resistant cells only during the 
first minutes. 

The metabolic inhibitors sodium azide (10 
mM) and iodoacetate (1 mM) had little or no 
effect on daunorubicin accumulation in 
K562/V cr cells when used separately but 
when used in combination cellular daunoru
bicin accumulation increased about 6-fold. 
This was higher than the increase, about 4-
fold, caused by cyclosporin A (3 flM). How
ever, the efflux curves were parallel. 

Large differences were found in the accu
mulation of daunorubicin in the leukemic 
cells isolated from patients with AML. Cyclo
sporin A increased the accumulation in 11 of 

12 patients, median increase 15%, (range 1-
29). The combination of iodoacetate and so
dium azide was more effective in that re
spect, with median increase 43%, (range 18-
99). However, the modulating agents had no 
effect on daunorubicin efflux from the 
patients' leukemic cells. 

The results indicate that cyclosporin A 
and metabolic inhibitors influence other 
processes than daunorubicin efflux across 
the plasma membrane. 

Introduction 

Several mechanisms for drug resistance 
have been identified in cell lines in which re
sistance has been induced by incubation 
with successively increased concentrations 
of an antineoplastic drug ([ 1] review). Most 
interest has been focused on multidrug re
sistance, characterized by cross resistance to 
a wide range of anticancer drugs of natural 
origin but with different chemical struc
tures and mechanisms of action. Classical 
multidrug resistance is caused by an in
creased P-glycoprotein (P-gp)-mediated 
drug efflux from the tumor cells which can 
be blocked by various modulators [2]. P-gp 
is encoded by the mdrl gene on chromo
some 7 [3].A number of non-toxic substanc
es are known to inhibit the function of P-gp 
and these are of potential interest for use in 
patients resistant to conventional treatment. 

Depts of 1 Clinical Pharmacology, 2 Hematology and Infectious Diseases, 3 Pathology; Hematopathology 
laboratory, Karolinska Hospital, Stockholm, Sweden 
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Expression of Pgp in acute myelocytic 
leukemia (AML) has been associated to a 
poor treatment response [4-8]. Many tech
niques are available for assessment of P-gp 
expression and there is no consensus on 
which technique is the most relevant [9]. 
Furthermore additional membrane pro
teins have been identified which can affect 
drug efflux or intracellular drug distribu
tion [10,11]. 

The aim of the present study was to estab
lish a functional assay of autofluorescent 
daunorubicin (Dnr) transport in leukemic 
cells. The intention was to develop a tech
nique to be able to study the rate of drug 
transport and not just the intracellular con
centration at a certain time point. Here we 
report a comparison between accumulation 
and efflux properties of Dnr sensitive and 
resistant human leukemic cell lines and of 
leukemic cells isolated from patients. 

Material and Methods 

(ell Lines 

The human leukemic cell line K562 [12] and 
K562/V cr, a multidrug-resistant subline 
were used. K562/V cr cells were developed by 
continuous exposure to increasing concen
trations of vincristine and were grown in 
medium containing 150 nM vincristine. The 
mdrl mRNA level in these cells is about 200 
transcripts per cell as determined by a quan-

Table 1. Patient characteristics 

Pt. Sexl AML 

titative RNase protection assay [13]. In K562 
no mdrl mRNA was detected. 

Patients 

Leukemic cells from 12 patients with AML 
were studied (Table O. The diagnosis was 
based on morphology and immunopheno
typing and classification was made accord
ing to FAB criteria [14]. Eight patients had 
de novo AML and 4 AML secondary to 
MDS. Five samples were taken at diagnosis, 
3 at relapse and 4 were taken from patients 
with progressive disease resistant to cytos
tatic drugs. The study was approved by the 
local ethics committee. 

Mononuclear cells were isolated from 
peripheral blood on Ficoll-Paque (Phar
macia, Uppsala, Sweden) by centrifugation 
at 500 g for 20 min. The cell samples were 
analyzed on the same day or frozen in a 
programmed freezer in 50% human AB 
serum, 40% phosphate-buffered saline 
(PBS) and 10% dimethylsulphoxide, stored 
for 24 h in -70°C and thereafter in liquid 
nitrogen. For analysis frozen cells were 
rapidly thawed with a few drops of new
born calf serum (NSC) in a waterbath 
(37°C), diluted in 10 ml NCS, centrifuged, 
washed in medium RPMI 1640 with 20 mM 
HEPES (Gibco, Life Technologies Ltd, Pais
ley, Scotland) supplemented with 10% NSC 
and 1 % L-glutamine and resuspended in 
medium. Cells were adjusted to a concen-

WBe mdrl 
mRNA 

no. Age FAB X 109/L % leukemic Stage of transcripts 
type cells disease per cell 

1 M81 M2 17 73 progress 1.2 
2 M6s M2 92 88 progress 0.2 
3 F/40 M2 37 88 progress nd 
4 F/76 M2 16 66 diagnosis 1.1 
5 M/61 Msa 11 80 relapse 0.6 
6 F/78 Ms 17 92 diagnosis 1.4 
7 F/43 M2 25 85 relapse < 0.15 
8 M/68 M2 20 80 relapse < 0.15 
9 M/60 M2 35 88 diagnosis nd 
10 F129 Msa 33 73 diagnosis < 0.15 
11 MISS Msa 24 81 diagnosis nd 
12 F/83 MO 110 70 progress nd 
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Fig. 1. Accumulation and ef-
flux of daunorubicin in K562 
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tively 

tration of 5 X 105/ml. Viability was deter
mined using trypan blue exclusion and was 
always above 85%. 

Flow (ytometry Assessment of Daunorubicin 
Accumulation and Efflux 

Cells were incubated for 60 min at 37°C 
with Dnr (1 flM for patient cells) alone, or 
with addition of cyclosporin A (CyA, 3 flM) 
or the metabolic inhibitors, sodiumazide (S, 
10 mM) and iodoacetate (I, 1 mM). The cells 
were then centrifuged at +4 °C and resus
pended in Dnr-free medium with or with
out CyA or SIr. Dnr efflux was followed for 
60 min by assessment of mean cellular fluo
rescence at frequent intervals (12 times) us
ing a FACScan flow cytometer (Becton 
Dickinson) with an argon laser (excitation 
at 488 nm) and Lysys II software. Forward 
and side scatter signals were collected using 
linear scales and fluorescence-2 using loga
rithmic scale. The flow cytometer settings 
were standardized by fluorescent micro
spheres (Standard-Brite). Gating on for
ward scatter was done to exclude dead cells, 
damaged red blood cells and debris. Blasts 
were gated based on forward scatter-side 
scatter properties according to results from 
immunophenotyping with monoclonal 
antibodies. 

At least 10 000 events were counted. The 
intracellular Dnr concentration was ex
pressed by the mean cellular fluorescence 

20 30 40 50 
Time (min) 

intensity. Efflux curves were plotted assum
ing a one-compartment kinetic model 
(Ae-kt) and the efflux rate (k-value) was cal
culated from the mean cellular fluorescence 
values. 

Results 

Daunorubicin Accumulation and Efflux in KS62 and 
KS62Ncr (ell Lines 

Incubation with 0.5 flM Dnr for K562 cells 
and 3 flM Dnr for K562 resistant cells gave 
similar intracellular drug concentrations 
(Fig. 1). After centrifugation and reincuba
tion in a Dnr-free medium the initial Dnr ef
flux was much faster in the resistant cells but 
only during the first 10 minutes. 

Since the P-gp is believed to serve as an 
ATP-dependant efflux pump we studied the 
effect of metabolic inhibitors on Dnr accu
mulation and efflux in K562/V cr cells. So
diumazide (10 mM), an inhibitor of oxidative 
phosphorylation had no effect on Dnr accu
mulation and efflux whereas iodoacetate (1 
mM), an inhibitor of glycolysis increased 
drug accumulation about 2-fold (Fig. 2). The 
combination of the two inhibitors had a 
much larger effect with a 6-fold increase in 
drug accumulation. As shown in Fig. 3, the ef
fect of both the metabolic inhibitors on Dnr 
accumulation was higher than that of CyA 
(3 flM) (Fig. 3). However, the drug efflux 
curves showed a high degree of parallelity. 
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Daunorubicin Accumulation in Leukemic Cells from 
Patients with AML 

The accumulation of Dnr in leukemic cells 
showed a large variability (Table 2). In all but 
one patient the addition of cyclosporin A or 
of metabolic inhibitors increased drug accu
mulation. The highest observed increase 
was 99% (median 43%, range 18-99) with 
metabolic inhibitors and 29% (median 15, 
range 1-29) with eyA, which is much less 
than in the K562/Vcr cell line, where the in
crease was 6-fold for metabolic inhibitors 
and around 4-fold for cyclosporin A. In one 
patient (no. 11) neither metabolic inhibitors 
nor cyclosporin A increased Dnr accumula
tion, however, cells from this patient had by 
far the highest Dnr accumulation. There was 
no correlation between Dnr accumulation 
and the effect of modulators (not shown). 
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Fig. 2. Accumulation and ef-
flux of Onr in K5621V cr cells 
incubated for 60 min with 1 
IlM Onr, efflux in Onr-free 
medium. Addition during in-
cubation and efflux of 10 mM 
sodiumazide, 1 mM iodoace-
tate, both metabolic inhibi-
tors, and no additive (con-

60 troll 

Azide + Iodoacetate 

CyA 

Control 

Fig. 3. Onr efflux from 
K5621V cr. Cells were incubat-
ed with 1 IlM Onr with 10 mM 
sodiumazide and 1 mM io-
doacetate or with 3 IlM cyclo-
sporin A. After 60 min cells 
were washed and reincubated 

60 in Onr-free medium but with 
metabolic inhibitors or CyA 

Table 2. Oaunorubicin accumulation in leukemic 
cells from patients with AML. Cells were incubated 
for 1 h with 1 IlM Onr in the presence or absence of 
the metabolic inhibitors (10 mM sodiumazide + 1 
mM iodoacetate) or CyA (3IlM) 

Pt. 
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Dnraccum 
MFI 

56 
55 
67 
34 
52 
75 
71 
39 
47 
72 

213 
57 

% Increase 
met CyA 

inhibitors 

27 
58 
42 
21 
54 
63 
99 
26 
43 
18 
-4 
61 

11 
29 
l3 
26 
15 
23 
15 

5 
15 
1 

-10 
25 



Daunorubicin Efflux from Leukemic Cells from 
Patients with AML 

Dnr efflux was studied in cells loaded for 1 h 
in the presence of Cy A, washed and reincu
bated in Dnr-free medium with or without 
the metabolic inhibitors or CyA. The mean 
efflux after 30 min was 14% (not shown). In 
the presence of CyA the mean efflux was 
12% and in the presence of metabolic inhib
itors it was 14% (not shown). 

Discussion 

It is generally accepted that P-gp-mediated 
active drug efflux from resistant cells is the 
mechanism behind classical multidrug re
sistance [1]. Previous results have indicated 
that P-gp expression is associated with poor 
treatment outcome in AML [4-8]. Conse
quently clinical trials are being conducted to 
investigate the possibility to inhibit drug ef
flux by resistance reversing agents like PSC 
388. However, discrepancies have also been 
found between the ability of AML blast cells 
to accumulate daunorubicin and P-gp anti
gen expression [15]. 

Evidence for active efflux of anthracy
clines across the plasma membrane was also 
found in non resistant cells and a "pump and 
leak" hypothesis was proposed as a mecha
nism for cellular anthracycline accumula
tion [16]. 

In the present study we have used flow cy
tometry to characterize cellular daunorubi
cin accumulation and efflux and to compare 
these processes in human leukemic cell lines 
and in cells isolated from patients with AML. 

The results in cell lines are compatible 
with the current hypotheses, although drug 
efflux was higher in the presence of metabol
ic inhibitors or CyA only during the first 
10 min. 

The results in leukemic cells isolated from 
patients are more difficult to interpret in the 
current framework. The lower effects of 
metabolic inhibitors and CyA on Dnr accu
mulation on cells from patients as compared 
to the resistant cell line are in accordance 
with a much lower mdrl expression in the 
patients' cells than in the resistant cell line. 
The Dnr efflux was slow which can also be 

understood in view of the difference in mdr 1 
expression but no increase in Dnr efflux 
could be observed by metabolic inhibitors 
or cyclosporin A. The results indicate that 
other processes than drug efflux can be af
fected by resistance modulators, e.g. cellular 
storage capacity. 
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Abstract. L-asparaginase (Asp.) from differ
ent biological sources (Escherichia coli, Er
winia chrysanthemi) is prescribed to com
pletely deplete asparagine in blood. Faced 
with increasing reports of treatment com
plications a program to monitor enzyme ac
tivity and asparagine levels in serum was 
started. Based on the monitoring data, dose 
optimisation of the Asparaginase medac 
product (produced by Kyowa Hakko) was 
then established. 

Part I: Trough levels of asp. activity and 
asparagine were measured in 49 children 
who received different E. coli preparations 
(Asp. medac, Crasnitin) for induction treat
ment (8 applications, 10000 Vlm2 every 3rd 
day) of childhood acute lymphatic leukemia 
and non-Hodgkin's lymphoma, and in 52 
children on reinduction (Asp. medac, Cras
nitin, and, in the event of allergic reactions, 
Erwinase). During induction, both E. coli 
preparations led to the desired reduction in 
asparagine, however, asp. activity with Asp. 
medac was significantly higher than with 
Crasnitin (median trough levels 430 vs. 74 
VII). Vnder reinduction (trough levels: Asp. 
medac 528 VII, Crasnitin 49 VII, Erwinase 
< 20 VII) complete asparagine depletion was 
recorded in more than 90% of Asp. medac 
samples, 64% of Crasnitin samples and a 
mere 26% of Erwinase samples. 

Part II: Following pharmacokinetic simu
lation based on the monitoring data, 11 
children received induction therapy with 
only 5000 VIm Asp. medac. The median 

trough level was still 265 V II. In a subsequent 
group of 15 children on 2500 Vlm2 Asp. me
dac a median trough level of 102 VII was 
measured. In both groups, asparagine was 
depleted in plasma and cerebrospinal fluid. 

Moreover, treatment related changes in a 
broad panel of coagulation parameters were 
significantly less distinct in children receiv
ing 5000 or 2500 Ulm2• 

Conclusions: The monitored asp. activity 
covaries with pharmacodynamic parame
ters (amino acids, coagulation parameters) 
which may serve as surrogates of effect and 
toxicity. Different asparaginase prepara
tions are not readily interchangeable. When 
Crasnitin is replaced by Asp. medac during 
induction therapy, comparable enzyme acti
vities will be reached with only 1/2 to 1/4 of the 
asp. dose. When substitution of an alternate 
source of asparaginase is necessary, moni
toring of the activity is advisable. Erwinia 
based treatment is expected to require 
schedules with much higher dosages. 

Introduction 

The enzyme L-asparaginase is an important 
element of well-proven therapeutic efficacy 
in the treatment of acute lymphoblastic 
leukemia in children and adults [1]. 

The mechanism of action has been related 
to the observation that the growth of lym
phoblastic blast cells requires extracellular 
asparagine, since the malignant cells lack 
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sufficient activity of the enzyme asparagine 
synthetase [2,3]. The enzyme catalyses the 
hydrolysis of L-asparagine to aspartic acid 
and ammonia. Hence, pharmacologically, 
the objective of asparaginase treatment is to 
deplete the patient's blood of asparagine. 
Glutamine is another substrate of asparagi
nase, and changes in glutamine metabolism 
have been discussed to contribute to aspa
raginase-associated side effects such as he
patotoxicity, hyperglycemia and haemor
rhagic as well as thrombotic events [4,5,6]. 
In addition, allergic events have been a com
mon clinical problem. 

Biologically, the enzyme L-asparaginase 
is derived from either Escherichia coli 
{E. coli) (Asparaginase medac, Crasnitin) or 
Erwinia chrysantemi (Erwinase), which 
translates into different chemical and im
munological properties of the commercially 
available preparations [3]. 

Erwinia asparaginase is considered to in
duce minor toxicity [7]. In many institu
tions, including our own, it is frequently 
used in the event of allergic reactions to E. 
coli asparaginase. Erwinia asparaginase is 
known to have a shorter half-life compared 
to E. coli asparaginase [8]. In clinical usage, 
however, those preparations are usually 
interchanged without adjusting the dosage 
or the application interval. While the recom
mendations of the ALL/NHL-BFM 90 treat
ment protocol were based on the E. coli 
asparaginase preparation Crasnitin (Bayer 
company), the available alternatives were 
equally applied at a dose of 10000 U/m2 
every third day. As of 1990, the supply from 
Bayer was no longer sufficient to satisfy the 
demand, and substitution of other products 
became necessary. 

Increasing reports of hemorrhagic and 
thrombotic events prompted us to establish 
a monitoring program in our own institu
tion, using asparaginase activity as the pri
mary parameter. Additional pharmacody
namic parameters were the asparagine lev
els, which represent the main biochemical 
correlate of the desired therapeutic effect, 
and the aspartic acid concentration as well 
as the levels of glutamine and glutamic acid, 
which are considered potential indicators of 
toxic side effects. 
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Patients 

Part I. Trough levels were measured on a rou
tine basis in 49 children who received differ
ent E. coli preparations (Asp. medac, Crasni
tin) for induction treatment of acute lym
pho-blastic leukemia and non-Hodgkin's 
lymphoma. They had 8 applications, 10 000 
U/m2 every 3rd day on days 8,11,15, and 18, 
along with prednisone, vincristine, and dau
norubicin on days 8, 15,22 and 29 (see Fig.I). 

On reinduction, another 52 children were 
also included into the monitoring program. 
They received the E. coli preparations Aspa
raginase medac or Crasnitin and, in the 
event of allergic reactions, Erwinase. The 
asparaginase dosage for reinduction was 
10000 Ulm2, given as I-hour infusion, ap
plied 4 times at 3- or 4-day intervals (days 
8,11,15 and 18 along with daily dexametha
sone and weekly vincristine and doxorubi
cin) (see Fig.1). 

Part II. The first step of dose reduction in pro
tocol I included 11 children (2-14 years) on a 
dose of 5000 U/m2 Asparaginase medac. 
Nine of the 11 patients were maintained on 
the same dose and monitored during proto
col II. In a second step, 15 children (6 months 
- 13 years) were treated with 2500 U/m2 of 
the medac product in protocol I. The 
children of this group received 10 000 U 1m2 
during reinduction. 

Erwinase only was applied when allergic 
reactions to the E. coli preparation were ob
served. 

Methods 

Sample Collection. Parents and patients had 
consented to the procedure and serum sam
ples were withdrawn 1-2 h prior to each 
asparaginase infusion on occasion of the 
usual pretreatment laboratory tests. The 
regular interval to collection of the samples 
was thus 3 days from the previous applica
tion, except on day 15 of reinduction, when 
the interval was 4 days. Additional samples 
were available from blood sampling for clin
ical reasons, e.g., coagulation analysis, ob
tained at variable intervals from the last ap
plication. 
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The samples were immediately centrifuged 
and divided in half. After extraction of the 
cellular components one part was immedi
ately deproteinized and deep frozen within 
15-20 min after withdrawal for storage until 
amino acid analysis. The other part was im
mediately frozen and used to determine the 
asparaginase activity. No asparaginase in
hibitor was added, as those available proved 
highly unstable in our tests and inhibitory 
activity was only seen at concentrations high 
enough to produce multiple major interfer
ence peaks in the HPLC chromatograms 
during the analytical procedure. 

L-asparaginase activity was quantified by 
photometrical determination of the ammo
nia release following incubation with an 
asparagine buffer solution for 45 min and 
addition of Nesslers solution. For details of 
the asparaginase assay and the in vitro com
parison of different asparaginase prepara
tions see [9] . 

Amino acid levels in the serum were 
measured using an RP-HPLC technique fol
lowing precolumn derivation with o-phthal-

8 15 22 29 43 49 

dialdehyde (OPA) and fluorescence detec
tion. For details see [10]. 

Definitions. Trough levels are concentrations 
determined before application of asparagi
nase on the third day after the previous infu
sion (see Fig. 1). This was termed day 3 (de
fining the day of application as day 0). Under 
physiological conditions, asparagine levels 
are approx. 40-80 11M. The pretreatment 
asparagine values were within the normal 
range: children on Asparaginase medac 
(median 61 11M) were comparable to chil
dren on Crasnitin (median 58 11M). The de
pletion of asparagine was graded: complete 
depletion: s; 0.1, almost complete depletion: 
> 0.1 - s; 0.5 11M, moderate reduction: > 0.5 -
s; 1.0 11M, slight reduction: > 1.0 s; 40 11M, no 
reduction: > 40 11M. 

Statistics. Mann-Whitney rank sum test 
(comparison of two groups) and Kruskal
Wallis One Way Analysis of Variance on 
Ranks (comparison of more than two 
groups) using Dunn's Method in addition. 
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Results 

Part I. During induction, both of the E. coli 
preparations led to the desired reduction in 
asparagine. All samples were almost com
pletely or completely depleted by both E. coli 
asparaginase products (see Table 1). 

Asp. medac, however, showed significant
ly (P < 0.01) higher asparaginase activity 
than Crasnitin. The median trough levels 
were 430 U/l in children on Asparaginase 
medac and 74 U/l in children on Crasnitin 
(see Fig. 2, groups on 10000 U/m2). 

Changes in amino acids other than aspar
agine included a significant increase over 
pretreatment levels of aspartic acid in all 
treatment groups. The increased levels, how
ever, remained within the range of normal 
values. Glutamine levels were markedly re
duced by 75% one day after application of 
Asparaginase medac, in some patients the 
reduction lasted until day 3. Glutamic acid 
was enhanced in this group (for details see 
[10]). 

Under reinduction, the trough levels were 
528 U II in Asp. medac treated patients and 49 
U/l in children on Crasnitin. After applica
tion of Erwinase the trough levels were 
under the limit of detection « 20 U/l). Com
plete asparagine depletion was recorded in 
more than 90% of Asp. medac samples, 64% 
of Crasnitin samples, and a mere 26% of Er
winase samples [10]. The ability of Crasnitin 
to reduce the serum levels of asparagine to 
levels < 0.5 11M was significantly lower dur
ing second exposure. While 100% of the 
samples in the induction therapy were com
pletely or almost completely depleted, 29% 
of the samples showed levels higher than 1 
11M during reinduction. Those children on 
Crasnitin exhibited a loss of pharmacologi-

cal activity without any clinically apparent 
allergic reaction, a phenomenon which is 
comparable to observations of other groups, 
the so-called silent inactivation [8]. 

Part II. Following the pharmacokinetic simu
lation of each asparaginase product based 
on those data obtained in the monitoring se
ries (using topfit 2.0 Pharmacokinetic and 
Pharmacodynamik Data Analysis System), 
an Asparaginase medac dosage of 2000-
2500 U/m2 every 3rd day, was calculated to 
produce a sufficient trough level of about 
100U/m2. 

In a first step, 10 children of our study re
ceived induction therapy with only 5000 
U 1m2 Asp. medac, i.e., 50% of the dosage pre
scribed by the treatment protocol. The me
dian trough level was 265 U II in this group 
and this was comparable to the one which 
had been simulated (about 250 U/m ) (see 
Fig. 2). Each sample was successfully deple
ted of asparagine. 

Subsequently, another group of 15 chil
dren on only2500 U/m Asp. medac showed a 
median trough level of 102 U/l. 

In both of these groups we recorded com
plete asparagine depletion in the plasma 
and, most important, in 100% of the cerebro
spinal fluid samples in protocol 1,2 to 3 days 
after application. 

Discussion 

The drug monitoring program showed sig
nificantly different trough activities in chil
dren on different asparaginase products. To 
find an approximately 6-fold biological ac
tivity in plasma with the product Asparagi
nase medac compared to Crasnitin was a 

Table 1. Distribution of asparagine levels in serum under treatment according to protocol I of the ALLlNHL 
BFM 90 trial. Evaluation restricted to trough levels on the third day after asparaginase application [10] 

Asparaginase medac Crasnitin 

L-asparagine (flM) %of n 
samples 

pat [%] n pat 

:s 0.1 88 148 37 66 33 9 
> 0.1-:S 0.5 12 20 13 34 17 9 
> 0.5 -:s 1 
>1 <1 1 1 
total: 100 169 51 100 50 18 
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surprise. Both products are E. coli asparagi
nase preparations. Nevertheless, biological 
differences between E. coli strains and mu
tants have been described. The pharmacoki
netic difference resulted not only in different 
trough levels but also in higher Cmax and a 
longer half-life of asparaginase medac [10]. 
The significantly higher plasma activities of 
the medac product were correlated with 
more intense changes in coagulation para
meters compared to Crasnitin [12]. 

The subsequent dose reduction of the 
product asparaginase medac was targeted to 
obtain serum trough activities of about 100 
VIi. This level had been postulated as thera
peutic in the 1980 [13] and the children on 
Crasnitin, the agent used at the outset of the 
empirical development of the BFM-trial 
protocols, had shown levels in the same 
order of magnitude. 

A significant improvement of the coagu
lation parameters was observed when the 
dosage was reduced to 5000 Ulm2• Further 
reduction to 2500 Vlm2, however, was ac
companied by only a slight additional posi
tive effect [11,14]. The mean serum trough 
activities of the children on 2500 Vlm2 fitted 
the target concentration of> 100 VII perfect
ly. The ranges of the trough asparagine ac
tivity, however, showed wide inter individual 
variability and some children repeatedly 

day of protocol 1 

had trough levels of 50 VII or less. Serum as 
well as cerebro-spinal fluid were completely 
depleted even in these samples. Drug moni
toring, however, is currently unavailable for 
the German multicenter trial and the group, 
therefore, decided to define 5000 Vlm2 as the 
standard dose of Asparaginase medac. In 
our own institution, however, the clinical 
pharmacology workgroup currently investi
gates the feasibility of individual drug tar
geting. 

Erwinase has been discussed to lack anti
genic cross reactivity with E. coli products. 
In this study, however, all children on Erwi
nase without exception had previously 
shown an allergic response to an E. coli 
preparation. Hence, in addition to the well
known shorter half-life of Erwinia asparagi
nase [8], antigenic cross-reactivity still has 
to be taken into consideration. 

There are several reports on comparably 
low trough levels in blood or cerebro-spinal 
fluid indicating reduced activity or silent in
activation ofErwinia asparaginase on this 3-
day schedule [15, 16, 17]. Based on these 
data, our workgroup recently initiated a 
dose optimisation study with increasing Er
winase dosages and shorter application 
intervals. The study is ongoing. 

Our data indicated the necessity to specify 
the optimal dosage and schedule for every 
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commercially available asparaginase pro
duct separately. Especially, dosage and 
scheduling for the Erwinase preparation has 
to be defined when it is to be substituted for 
the E. coli asparaginase application on an 3-
day schedule. 

We have shown that the asparaginase se
rum activity covaried with changes of repre
sentative coagulation parameters [12] and 
thus had good reason to avoid high trough 
activities. The treatment rationale defining 
the minimum trough activity, however, was 
based on the empirical treatment protocol 
(developed on Crasnitin) and on data pub
lished by Riccardi and coworkers [13]. 

The most important question, however, 
about the clinical relevance of the pharma
cokinetical differences between the aspa
raginase products monitored could not be 
answered by these data. A randomised clini
cal trial has recently been presented which 
compared identical dosages of Asparagi
nase medac and Erwinase [18]. The 4-year 
event free survival was significantly lower 
in children on Erwinase compared to chil
dren on E.coli asparaginase (62% versus 
75%). These results indicate a significant 
impact on treatment outcome of the higher 
treatment intensity obtained with the E. coli 
preparation. We may, therefore, conclude 
with respect to asparaginase, that parame
ters of pharmacokinetics, pharmacody
namics, toxicity and clinical response are 
closely linked. 

Summary 

Asparaginase is an important drug in the 
treatment of acute lymphoblastic leuk
aemia. Different asparaginase preparations 
are not readily interchangeable. Changes re
garding the asparaginase preparations, the 
application schedules or the asparaginase 
dosage require careful observation and pos
sibly pharmacokinetic drug monitoring. 

Acknowledgment. This work was supported 
by BMBF (# 01 EC 9401). 

528 

References 

1. Nesbit ME, Ertel I, Hammond GD (1981) L
Asparaginase as a single agent in acute lympho
cytic leukemia: survey of studies form Chil
drens Cancer Study Group. Cancer Treat Rep 
65(SuppI4),101-107 

2. Broome JD (1981) L-Asparaginase: discovery 
and development as a tumor-inhibitory agent. 
Cancer Treat Rep 65(SuppI4): 111-114 

3. Wriston JC, Jr., Yellin TO (1973) L-asparaginase: 
a review. Adv Enzymol Relat Areas Mol Bioi 39: 
185-248 

4. Sutor AH, Niemeyer C, Sauter S, Witt I, Kauf
mehl K, Rombach A, Brandis M, Riehm H (1992) 
Gerinnungsveranderungen bei Behandlung mit 
den Protokollen ALL-BFM-90 und NHL-BFM-
90. Klin Plidiatr 204: 264-273 

5. Mitchell L, Hoogendoorn H, Giles AR, Vegh P, 
Andrew M (1994) Increased endogenous 
thrombin generation in children with acute 
lymphoblastic leukemia: risk of thrombotic 
complications in L-asparaginase-induced anti
thrombin III deficiency. Blood 83: 386-391 

6. Nowak-Gottl U, Wolff JEA, Kuhn N, Boos J, Keh
rei B, Lilienweiss V, Schwabe D, Jurgens H (1994) 
Enhanced thrombin generation, P-von Wille
brand factor, P-fibrin D-dimer and P-plasmino
gen activator inhibitor 1: Predictive for venous 
thrombosis in asparaginase-treated children. 
Fibrinolysis 8 (SuppI2): 63-65 

7. Eden OB, Shaw MP, Lilleyman JS, Richards S 
(1990) Non-randomized study comparing Tox
icity of Escherichia coli and Erwinia asparagi
nase in children with leukemia. Med Pediat On
coil 8: 497-502 

8. Asselin BL, Whitin JC, Coppola DJ, Rupp IP, Sal
Ian SE, Cohen HJ (1993) Comparative pharma
cokinetic studies of three asparaginase prepara
tions. J Clin Oncol11: 1780-1786 

9. Werber G, Ahlke E, Nowak-Gottl U, Jurgens H, 
Verspohl EJ, Boos J (1996) Asparaginase activ
ities in vitro are highly sensitive to different buf
fer conditions. Haematology and blood transfu
sion 38 - Acute leukemias VI - Prognostic factors 
and treatment strategies. Buchner T et al. (eds.) 
512-516 

10. Boos J, Werber G, Ahlke E, Schulze-Westhoff P, 
Nowak-Gottl U, Verspohl E, Ritter J, Jurgens H 
(1996) Monitoring of asparaginase activity and 
asparagine levels in children on different aspa
raginase preparations. Eur J Cancer 32A:1544-
40 

11. Ahlke E, Nowak-Gottl U, Schulze-Westhoff P, 
Werber G, Borste H, Wurthwein G, Jurgens H, 
Boos J (1997) Dose reduction of asparaginase 
under pharmacokinetic and pharmacodynamic 
control during induction therapy in children 
with acute lymphoblastic leukemia. Br J Haema
toI96:675-681 

12. Nowak-Gottl U, Werber G, Ziemann D,Ahlke E, 
Boos J (1996) Influence of two different E. coli 
asparaginase preparations on fibrinolytic pro
teins in childhood ALL. Haematologica 81:127-
131 



13. Riccardi R, Holcenberg JS, Glaubiger DL, Wood 
JH,PoplackDG (1981) L-Asparaginase pharma
cokinetics and asparagine levels in cerebro
spinal fluid of rhesus monkeys and humans. 
Cancer Res 41: 4554-8 

14. Nowak-Giittl U, Ahlke E, Schulze-Westhoff P, 
Boos J (1996) Changes in coagulation and fibri
nolysis in childhood ALL: a two-step dose re
duction of one E. Coli asparaginase prepara
tion. Br J Haemato195: 123-6 

15. Boos J, Nowak-Giittl U, Jurgens H, Fleischhack 
G, Bode U (1995) Loss of activity of Erwinia 
asparaginase on repeat applications. J Clin On
col 13:2474-5 

16. Dibenedetto SP, Di Caddo A, Ragusa R, Meli C, 
Lo Nigro L (1995) Levels of L-asparaginase in 
CSF after intramuscular administration of 
asparaginase from Erwinia in children with 
acute lymphoblastic leukemia. J Clin Oncol 
13:339-44 

17. Gentili D, Conter V, Rizzari C, Tschuemperlin B, 
Zucchetti M, Orlan doni D, Dincalci M, Masera G 
(1996) L-Asparagine depletion in plasma and 
cerebro-spinal fluid of children with acute lym
phoblastic leukemia during subsequent expo
sures to Erwinia L-asparaginase. Annals of On
cology 7:725-30 

18. Otten J, Suciu S, Lutz P, Benoit Y, Robert A, Thyss 
A, Plouvier E, Ferster A, Mechinaud F, Mazingue 
F, Brock P, Vilmer E, Solbu G, Waterkeyn C, Phi
lippe N (1996) The importance of L-asparagi
nase (A' Ase) in the treatment of acute lympho
blastic leukemia (ALL) in children: results of the 
EORTC 58881 randomized phase III trial show
ing greater efficacy of Escherichia coli (E. coli) 
as compared to Erwinia (Erw) A' Ase. Blood 88 
(Suppl1): 669A 

529 



Acute Leukemias VII 
Experimental Approaches and Novel Therapies 
Hiddemann et a1. (eds) 
© Springer-Verlag Berlin Heidelberg 1998 

Asparagine Synthetase in Pediatric Acute Leukemias: 
AML -M5 Subtype Shows Lowest Activity 

A. DUBBERS, P. SCHULZE-WESTHOFF, E. KURZKNABE, U.CREUTZIG, J. RITTER, and J. Boos 

Abstract 

Objective. The enzyme L-asparaginase is 
used to achieve maximum reduction of L
asparagine in blood and CSF. Lack of suffi
cient cellular activity of asparagine synthe
tase in blast cells compared to normal tis
sues is thought to be the basis of the antileu
kemic effect in ALL. While L-Asparaginase is 
routinely used in acute lymphoblastic leuke
mia its role and value in the treatment of 
acute myeloblastic leukemia is still being 
discussed. As the drug causes a number of 
relevant side effects, measuring the aspara
gine synthetase activity of individual pa
tients' blast cells might help to restrict the 
use to patients with low expression and to 
exclude others with high synthetase capac
ity from this treatment. We, therefore, estab
lished asparagine synthetase monitoring. 

Methods. Peripheral or bone marrow blast 
cells were separated by Ficoll gradient cen
trifugation. Intracellular proteins (6000 g
supernatant) were incubated in excess of re
quired substrates and the synthetased 
asparagine levels then measured after 0, 40, 
80, 100, and 140 min (HPLC). The interassay 
coefficient of variation was < 20% and 
showed good reproducibility (activity: nM 
asparagine / mg protein / h). 

Results. The observed activity (nM/mg pro
tein/h) was significantly lower in AML-M5 

than in the other myeloid leukemias (p < 
0.005, Mann Whitney rank sum test). There 
was no significant difference between myel
oblastic and lymphoblastic leukemia. 

n Median (range) Mean±stan-
darddev. 

ALL IS 10 (3.4-45) 14±1l 
AML (notM5) IS 12.6 (0.S-45.5) 16±12.S 
AML-M5 9 3.S (0.96-7.9) 3.9±2.2 

Conclusion. As AML and ALL both showed 
comparable expression of asparagine syn
thetase, the possible value of L-asparaginase 
in the treatment of AML should be reconsid
ered. As a consequence we have initiated a 
multicenter trial to test the clinical activity 
in patients with relapsed AML-M5 and to 
determine the relationship between the re
sponse to L-asparaginase treatment and cel
lular asparagine synthetase activity, mRNA 
expression (d'Incalci, Milano) and in vitro 
asparaginase sensitivity (Pieters, Amster
dam). 

Introduction 

The L-asparaginase therapy of acute lym
phoblastic leukemia is based on the fact that 
lymphoblastic cells require external aspara
gine for growth as they lack sufficient activ
ity of asparagine synthetase [1-3]. The bio-
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synthesis of asparagine in normal and ma
lignant tissues by cellular asparagine syn
thetase interferes with the effectiveness ofL
asparaginase in the treatment of lympho
blastic leukemia [4, 5], because asparagine 
synthetase catalyses the formation of L
asparagine, AMP, PPi and L-glutamate from 
L-aspartate, ATP and L-glutamine in the 
presence of Mg2+ and Cl-. L-glutamine, the 
amide nitrogen donor, may be displaced by 
NHt [6]. Side effects of and resistance 
against L-asparaginase are thought to be af
fected by cellular asparagine synthetase ac
tivity [5, 7]. 

In order to distinguish patients with low 
expression in blast cells from those with 
high asparagine synthetase capacity we 
compared the ability of peripheral or bone 
marrow blasts to synthesize asparagine 
prior to treatment with L-asparaginase. 

Patients and Methods 

Patients 

From June 1993 to March 1996,27 patients 
with newly diagnosed AML, aged 4 months 
to 15 years (median 9.5 years,mean 8.9),and 
18 patients with newly diagnosed ALL, aged 
4 months to 15 years (median 8 years, mean 
7.8), underwent asparagine synthetase mon
itoring at the time of diagnosis. 

Sample Collection 

Samples were obtained from routine diag
nostic peripheral venous or bone marrow 
punctures. Blast cells were separated by Fi
colI gradient. Trypan blue solution was used 
for cell enumeration. Cell pellets were fro
zen at -80°C until further sample prepara
tion and analysis. The analysis was per
formed within 1 day to 2 years (median and 
mean 12 months). The asparagine synthe
tase activity in peripheral or bone marrow 
blast cells frozen at -80°C was shown to be 
stable for at least 11 months. The enzyme 
activity in HL-60 cells (human promyelo
cytic leukemia cell line) was stable for at 
least 4 months, the coefficient of variation 
was < 20%. 

Materials 

L-Glutamine, ATP, mercaptoethanol, boric 
acid and trypan blue solution were obtained 
from Sigma Chemical Co., St. Louis USA. L
aspartic acid, potassium chloride, Mg-ace
tate H20, ammonium chloride, sodium chlo
ride, potassium hydroxide and O-phthaldi
aldehyde were supplied by Merck, Darm
stadt Germany, absolute ethanol by Carl 
Roth GmbH & Co, Karlsruhe Germany, di
sodium hydrogen phosphate 2 H20 and po
tassium dihydrogen phosphate anhydrous 
by Serva, Heidelberg Germany, Lymphoprep 
by Nycomed Pharma AS, Oslo Norway, and 
high purity water (HPLC grade) was ob
tained from Milli-Q UF Millipore, Eschborn 
Germany. Glacid acetic acid and methanol 
were purchased from Baker Chemicals, Hei
delberg Germany. All agents used were of 
analytical grade. 

Protein Concentration 

The protein concentration in each prepara
tion was determined using the Bio-Rad DC 
protein assay (Bio-Rad Co., Richmond USA) 
based on the method of Lowry et al [8] with 
bovine serum albumin as the standard. 

Sample Preparation 

One hundred ~ of aqua dest. was added to 
10 million frozen cells followed by disrupt
ing in three cycles of freezing, thawing and 
sonication at 0 °C (Ultrasound bath Senorex 
TK 30 Bandelin Electronic, Berlin, Germa
ny). Homogenates were centrifuged at 6000 
g, 4° C, for 5 min (Megafuge 1.0 R Heraeus, 
Osterode, Germany). The supernatant was 
divided in two equal parts, one for protein 
assay and one for enzyme assay, and stored 
at -20°C until incubation. 

Enzyme Assay 

The asparagine synthetase activity was 
measured according to the - slightly modi
fied - method described by Hongo and Sato 
[9]. 500 ml of the reaction mixture contain-
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ing 1.5 mmo1!1 L-aspartic acid, 20 mmo1!1 L
glutamine, 10 mmo1!1 ATP, 50 mmo1!1 mag
nesium acetate, 20 mmo1!1 KCL, and 20 
mmo1!1 ammonium chloride in phosphate 
buffered saline (PBS) titrated with KOH (pH 
7.7) were added to 100 fll of the cell lysate. 
The vortexed mixture was incubated at 37°C 
for 0,40,80, 100,and 140 min (Thermomixer 
5436 Eppendorf, Hamburg, Germany). The 
reaction was stopped by heating in boiling 
water for 90 s and the mixture was subse
quently centrifuged for 5 min (Biofuge A He
raeus, Osterode, Germany). Asparagine was 
determined by RP-HPLC based on the meth-
0d described by Unnithan et al. [10]. The 
specific activity of the enzyme was ex
pressed as nmol asparagine 1 mg protein 1 h. 

High-Performance Liquid Chromatography Method 

A high-performance liquid chromatogra
phy (HPLC) system from Pharmacia/LKB 
(Bromma, Sweden) was used in combination 
with fluorescence detection (Shimazdu RF 
535, Shimazdu Duisburg, Germany) at Aex 
340 nm and Aem 450 nm after precolumn 
derivation with ophthaldialdehyde (OPA) 
[11]. Continuous on-line quantifikation of 
the HPLC results was obtained with a Nelson 
interphase and the Nelson Analytical Soft
ware. Separation was done on an ET 250/8/4 
Nucleosil 120-5 C18 column (Machery & 
Nagel, Duren, Germany). A high pressure 
gradient was formed between two helium 

degassed solvents: solvent A = 0.2 M potas
sium hydroxid buffer pH 6 filtered through 
0.45 mm filter (Millipore), solvent B = meth
anol (HPLC grade) (min: s-min: sl% metha
nol: 0:00-7:00/18%-7:05-13:00/21%-
13: 05 - 17: 00 /18% - 17: 05 - 25 : 00 175% -
25:05- 30:00/18%). The injection volume 
was 20 fll of the supernatant. At a flow rate of 
1.3 m1!min the retention time for asparagine 
was 15 min and the time for analysis 32 min. 
The detection limit of the method was 
0,1 flM. Daily calibration curves from 0.1-75 
flM showed linearity> 0.99 for asparagine. 
The interassay coefficient of variation of the 
asparagine synthetase assay was < 20%. The 
intraassay coefficient of variation was < 5%. 

Results 

The results are summarized in Tables 1 and 2. 
It can be seen that the asparagine synthetase 
activity in lymphoblastic leukemias includ
ing c-ALL, pre pre B-ALL, and T -ALL ranged 
widely from very low to high activity. Identi
cal results were obtained in myeloblastic 
leukemias including MO-M4 and M7, but not 
in M5 (Fig. 1). Blasts of monocytic leuke
mias, as compared with the other myeloid 
and lymphatic blasts, showed the lowest en
zyme activity prior to treatment (Fig. 1); the 
difference was highly significant. Surpris
ingly, there was no significant difference of 
the synthesized asparagine levels between 
acute myeloblastic and acute lymphoblastic 

Table 1. Characteristics of patients and asparagine synthetase activity in blast cells at the time of diagnosis, 
mean ± SD and median (range) 

No. of Age (years) Activity (nM Asn/mg protein/h) 
Diagnosis Patients Median (range) Mean Median (range) Mean±SD 

ALL 18 8 (0.3-14.7) 7.8 10 (3.4-45) 14±11 
AML (notM5) 18 11.4 (2.1-15.4) 10.6 12.6 (0.8-45.5) 16±12.8 
AML-M5 9 5.7 (0.3-14.3) 3.9 3.8 (0.96-7.9) 3.9±2.2 

Table 2. Asparagine synthetase activity at the time of diagnosis in T-ALL compared to other ALL, mean ± SD 
and median (range) 

Diagnosis 

ALL (not T-ALL) 
T-ALL 
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No. of 
Patients 

13 
5 

Activity (nM Asn/mg protein/h) 
Median (range) Mean±SD 

11.7 (3.4-45) 
8.6 (4.1-22.9) 

15.5±12 
10±7.5 
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leukemias {Fig. I), and between T-ALL and 
other ALL blasts (Fig. 2). 

Discussion 

Several earlier in vitro studies documented 
that T -lymphoblastoid cell lines are sensitive 

to L-asparaginase, whereas B-Iymphoblas
toid and myeloid cell lines are resistant to 
this agent [12, 13]. Papers concerning the 
asparagine synthetase activity in human 
leukemia blast cells are rare and showed 
only a few patients who underwent aspara
gine synthetase monitoring [5, 14]. Kiriya
rna et al. correlated the sensitivity to L-aspa-
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Table 3. Sample characteristics 

Diagnosis 

ALL (not T-ALL) 
T-ALL 
AML(notM5) 
AML-M5 

Peripheral blast cells 
No. of samples 

5 
2 
7 
4 

raginase with asparagine synthetase activity 
[13]. The sensitive, namely T-Iymphoblas
toid, cell lines had an enzyme activity of 41.1 
± 25.3 and 40.2 ± 26.1 (mean ± SD) 
pM/min/mg protein or 2.4 ± 1.5 and 2.4 ± 1.6 
expressed as nM/mg protein/h. The resist
ant, i.e., promyelocytic, B-Iymphoblastoid 
and non-B non-T lymphoid, cell lines had 
activities of 179.8 to 374.3 (mean) 
pM/min/mg protein or 10.8-22.5 expressed 
as nM/mg protein/h. Our results differed 
markedly from the cited study in that we 
showed the AML-M5 subtype to represent 
the lowest activity, whereas all other AML 
and ALL blast cells did not differ significant-
1y. Not even the results of T -ALL blasts were 
as low as expected. The range of activity 
found in our ALL and AML blast cells cov
ered the enzyme activity of sensitive and re
sistant cell lines described by Kiriyama. 

The cytotoxic effect of L-asparaginase has 
been reported to correlate inversely with the 
asparagine synthetase activity [5]. Hence, it 
seems to be useful to distinguish those pa
tients with low asparagine synthetase ex
pression from patients with high synthetase 
capacity, in order to restrict the therapy to 
the first group. As it has been found that 
asparagine synthetase activity could in
crease with L-asparaginase therapy [5] and 
decrease with higher tumor differentiation 
[15], it would be important to study the 
change in enzyme activity during and after 
treatment and in case of relapse. 

As a consequence, we initiated a multi
center trial to test the clinical activity in pa
tients with relapsed AML-M5 and to deter
mine the relationship between the response 
to L-asparaginase treatment and cellular 
asparagine synthetase activity, mRNA ex
pression (d'Incalci, Milano) and in vitro 
asparaginase sensitivity (Pieters, Amster
dam) [16]. 

534 

Bone marrow blast cells 
No. of samples 

7 
2 
lO 
5 

Not specified 
No. of samples 

1 
1 
1 
o 

Acnowledgments. This work was supported 
by the Federal Department of Research and 
Technology (#lEe 9401). The authors thank 
Gabriele Braun-Munzinger for editing the 
manuscript. 

References 

1. Broome JD (1981) L-asparaginase: discovery 
and development as a tumor-inhibitory agent. 
Cancer Treat Rep 65 (Supp14): 111-114 

2. Prager MD, Bachynsky N (1968) Asparagine 
synthetase in asparagine resistant and suscepti
ble mouse lymphomas. Biochem Biophys Res 
Commun 31: 43-47 

3. Horowitz B, Madras BK, Meister A, Old LJ, Boyse 
EA, Stockert E (1968) Asparagine synthetase ac
tivity of mouse leukemias. Science 160: 533-535 

4. Prager MD, Bachynsky N (1968) Asparagine 
synthetase in normal and malignant tissues; 
correlation with tumor sensitivity to asparagi
nase.Arch Biochem Biophys 127: 645-654 

5. Haskell CM, Canellos GP, Leventhal BG, Car
bone PP, Block JB (1969) L-asparaginase resis
tance in human leukemia-Asparagine synthe
tase. Biochem Pharmacol18: 2578-2580 

6. Horowitz B,Meister A (1972) Glutamine-depen
dent asparagine synthetase from leukemia cells: 
chloride dependence, mechanism of action, and 
inhibition. J BioI Chern 247: 6708-6719 

7. Capizzi RL, Ho1cenberg JS (1993) Asparaginase. 
In Holland JF, Frei III E, Bast RC Jr, Kufe DW, 
Morton DL, Weichselbaum RR, eds. Cancer 
medicine. Philadelphia and London, Lea & Febi
ger, 796-803 

8. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ 
(1951) Protein measurement with the folin phe
nol reagent. J BioI Chern 193: 265-275 

9. Hongo S, Sato T (1984) Inhibition of rat liver 
asparagine synthetase by Cibacron Blue F3GA. 
Enzyme 31: 181-186 

10. Unnithan S, Moraga DA, Schuster SM (1984) A 
high-performance liquid chromatography as
say for asparagine synthetase. Anal Biochem 
136: 195-201 

11. Boos J, Werber G, Ahlke E, Schulze-Westhoff P, 
Nowak-Gatti U, Wurthwein G, Verspohl EJ, Rit
ter J, Jurgens H (1996) Monitoring of asparagi
nase activity and asparagine levels in children 
on different asparaginase preparations. Eur J 
Cancer 32A: 1544-1550 



12. Koishi T, Minowada J, Henderson ES, Ohnuma T 
(1984) Distinctive sensitivity of some T-Ieuke
mia cell-lines to L-asparaginase. GANN 75: 275-
283 

13. Kiriyama Y, Kubota M, Takimoto T, Kitoh T, Tan
izawaA,Akiyama Y,Mikawa H (1989) Biochem
ical characterization ofU937 cells resistant to L
asparaginase: the role of asparagine synthetase. 
Leukemia 3: 294-297 

14. Banerjee SP, Gallmeier WM, Schmidt CG (1970) 
Bestimmung der Asparagin-Synthetase in 
Leukamiezellen als Indikator fUr die Enzym
therapie von Hamoblastosen. Deutsche Medizi
nische Wochenzeitschrift 18: 994-997 

15. Hongo S, Sakagami H,Sato T (1990) Decrease in 
asparagine synthetase activity during cell diffe
rentiation of mouse and human leukemia cell 
lines. Leukemia 4: 708-711 

16. Kaspers GJ, Pieters R, Van Zantwijk CH, De Laat 
PA, De Waal FC, Van We ring ER, Veer man AJ 
(1991) In vitro drug sensitivity of normal pe
ripheral blood lymphocytes and childhood leu
kaemic cells from bone marrow and peripheral 
blood. Br J Cancer 64: 469-474 

535 



Acute Leukemias VII 
Experimental Approaches and Novel Therapies 
Hiddemann et al. (eds) 
© Springer-Verlag Berlin Heidelberg 1998 

Pharmacokinetic Basis for an Oral Chemotherapy with Idarubicin 
and Etoposide: Dose-Dependent Biological Effects 
of To poi some rase-I I-Inhibitors 

F. GIESELER 

Abstract. In the treatment of hematological 
malignancies with idarubicin or etoposide 
two different pharmacological phases can be 
discriminated. Shortly after i.v. application, 
a peak with high plasma concentration can 
be found which lasts shorter than 3 h.As well 
after i.v. application as after oral application, 
a long phase with 10-100 fold lower concen
tration (through level) can be found which 
lasts for hours or even days. The cellular re
action upon a short exposure of topoisome
rase II inhibitors at high concentration is 
completely different than the cellular reac
tion upon a long exposure of topoisomerase 
II inhibitors at very low concentrations. Es
pecially the epipodophyllotoxines have a 
high capacity to induce cellular differentia
tion at these conditions which is not the case 
with anthracyclines. For the induction of 
apoptosis, a exposure-time which is longer 
than the cell-cycle-time of the leukemic cells 
seems to be much more important than es
pecially high concentrations of topoisome
rase II inhibitors. 

Introduction 

The inhibition of topo(isomerase) II is a 
very potent principle of chemotherapy. 
Since a few years etoposide and idarubicin 
are available in an oral form which allows 
completely oral chemotherapies of hemato
logical malignancies. In this chapter the 
pharmacological differences of the i.v. and 

oral applications are reviewed and it is 
shown that these result in specific biological 
effects which highly depend upon drug con
centration. 

Idarubicin 

Chemical and Biological Characteristics 

A main structural component of anthracy
clines is the chinone-ringsystem (Fig. 1). 
This part of the molecule is able to interca
late into the DNA-double strand. The bio
chemical characteristics of each anthracy
cline are determined by the side-chains. Im
portant elements are the doublebound oxi
gen and the sugar with NH2-group. The sug
ar is responsible for the inhibition of DNA
processing enzymes after intercalation of 
the drug. Interaction with the oxigen seems 
to be an important mechanism for the gen
eration of free oxigen -radicals. The chemical 
difference between daunorubicin and idaru
bicin is the loss of the methoxy-group in the 
D4-position which results in important bio
chemical and pharmacological changes. 

First of all, idarubicin has a higher acid
stability which allows oral application, hence 
it is the first anthracycline which can be oral
ly applied. The lipophilicity is higher, with a 
distribution coefficient of 27.7 as compared 
to 15.3 of daunorubicin [1,2]. This results in a 
higher and faster cellular accumulation, 1.8 
times higher than daunorubicin [8]. Idarubi-
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Fig.l. Chemical structure of idarubicin (4-demeth
oxy-daunorubicin) 

cin is also about 4 times more cytotoxic 
which is due to it's higher DNA binding rate 
and it's active metabolite. Interestingly, the 
difference in cytotoxicity is higher in mye
loid cells than in lymphatic cells. 

All anthracyclines are metabolized in the 
same way. The urine excretion rate is only 
1-5%, depending on the way of application. 
The major way of metabolization is hepatic 
via aldoketo-reductase [4]. For pharmacody
namic studies it is important to take idaru
bicinol into consideration, because in con
trast to daunorubicinol, this metabolite has 
the same cytotoxicity as idarubicin. Idaru
bicinol has even some characteristics which 
are superior to idarubicin. It has a higher po
larity which results in cellular retardation. 
The metabolite is hold longer inside the cells 
which has been called metabolic retention 
[5]. Taken together, the cellular concentra
tion of idarubicin and idarubicinol is about 
300 times higher than the plasma concentra
tion. The intracellular DNA binding rate of 
idarubicin is about 20% higher than the one 
of daunorubicin and the one of idarubicinol 
is still 15% higher [3]. Both drugs are found 
in low concentrations in the liquor cerebro
spinalis, yet the clinical relevance of this 
finding is unknown. The binding to plasma
proteins is very high which must be taken 
into account with co-medication. 

Cellular Effects of Anthracyclines 

Antracylines exhibit a number of different 
cellular effects, two of them seem to be im-

portant for the clinician. Anthracyclines in
hibit the topo II alpha. The topoisomerases 
control the three-dimensional structure of 
the DNA, thus being life-important for every 
cell. Anthracyclines inhibit their DNA-inter
action after the topo II has introduced a dou
ble-strand-break and is covalently bound to 
the DNA. This "cleavable complex" activates 
a cellular program which results in apototic 
cell death. 

The second important effect is the genera
tion of free oxigen radicals. The amount of 
free oxigen radicals is directly proportional 
to the number of intracellular anthracy
cline-molecules. It is believed that the oxigen 
radicals are responsible for the most serious 
side effect in the treatment with anthracy
clines, that is cardiotoxicity. The reason is 
that myocardial cells have only limited ca
pacity to eliminate oxigen radicals and once 
this capacity is exceeded DNA damage oc
curs. This is the reason why cardiotoxicity is 
closely linked to high plasma peak levels, 
whereas cytotoxicity is linked to a high area
under-the-time-curve (AVe) [6]. 

Differences Between i.v. and Oral Applications of 
Anthracyclines 

In Fig. 2, two characteristic time-plasma
curves of i.v.- and orally-applicated idarubi
cin are shown [7]. As mentioned before, not 
only idarubicin but also idarubicinol must 
be taken into account and for the clinical ef
fect, idarubicinol might even be more im
portant than idarubicin. After Lv. applica
tion of 13 mg/m2 idarubicin within 15 min it 
is not surprising to find a high plasma peak 
which is up to 300 ng/ml plasma. The plasma 
decay follows a three-compartment model 
with a high decay rate in the first hours and a 
longer terminal half-life which is about 20 h 
for idarubicin. In contrast, the terminal half
life for idarubicinol is about 60 h, which re
sults in a higher AVe. The plasma-time
curve for oral application is different. Please 
note the different scales for the y-axis. In this 
case, the hepatic metabolization capacity is 
high enough to metabolize all idarubicin 
very fast. Within a short period of time, the 
plasma concentration of idarubicinol is 
higher than the one of idarubicin. Taken to-
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Fig. 2. Pharmacokinetic of idarubicin and idarubicinol after oral and Lv. application [2] 

gether both drugs, the resulting AUC after 
oral application is higher than after i.v. ap
plication and the plasma peak level is lower. 

In Table 1, the pharmacological data of 
four cross-over studies are shown [8-11]. 
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Table 1. Pharmacokinetic parameters of idarubicin in four crossover studies 

Reference No. of courses Dose (mg/m2) 

Smith 1987 
Lv. 5 15 

oral 5 15 

Zanette1990 
Lv. 9 8.5-15.5 

oral 9 25-45 

Stewart 1991 
Lv. 13 15 

oral 13 45 

Camaggi 1992 
Lv. 21 12 

oral 21 30-35 

of idarubicinol to idarubicin is substantial
ly higher after oral application in all four 
studies is shown. Taken together, after oral 
idarubicin a lower plasma peak, a higher 
AUC-ratio idarubicinol!idarubicin which 
results in longer terminal half-life and 
metabolic retention can be found. One im
portant flaw must be considered: the uncer
tain bioavailabilitywhich is between 28 and 
49% [12]. This means that the haematologi
cal parameters of every orally treated pa
tient must be monitored to eventually ad
just the dosage. 

Etoposide 

Chemical and Biochemical Characteristics of 
Etoposide 

Extracts from Podophyllum peltatum were 
already used by American Indians two cen
turies ago. Etoposide is a beta-D-glycoside 
of podophyllotoxin, its structure is shown 
in Fig. 3. For maximal antitumor activity, 
stereochemical restraints on the C-ring are 
needed. Substitution of the 4-hydroxyl func
tion at the E-ring results in considerable loss 
of antineoplastic activity [13]. Approximate
ly 30-40% of an Lv. etoposide dose is excret
ed in the urine as unchanged drug, there is a 
close relation between etoposide plasma
clearance and creatinine clearance. Direct 
biliary excretion seems to be the minor 
route of drug elimination. Several etoposide 
metabolites such as the hydroxy acid metab
olite or etoposide-aglycone have been con-

ida t[/2 (h) idaOL t[/2 (h) AUC ratio idaOLlida 

34.7 52.1 2.30 
20.4 40.4 5.26 

12.6 71.6 5.11 
9.7 57.8 14.4 

15.5 51.4 3.00 
11.7 32.7 5.68 

16.2 48.7 4.85 
16.9 47.2 8.85 

H31vv--.... 

Fig. 3. Chemical structure of etoposide (R = H) and 
etoposide phosphate (R = H2P04) 

firmed and postulated. Formation of these 
metabolite could have potential importance, 
while the hydroxy acid metabolite is consid
erably less cytotoxic, the aglycone retains cy
totoxicity [14]. 

Cellular Effects of Etoposide 

In contrast to anthracyclines which are 
DNA-intercalators, epipodophyllotoxines 
bind directly to the topo II alpha. This alters 
the enzyme's three-dimensional structure 
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and inhibits it's religation activity, thus re
sulting in DNA double-strand breaks. This 
mechanism is somewhat more specific and 
leads to more defined DNS-breakes. One 
problem arising from this is secondary 
hematological malignancies arising after 
chemotherapy with etoposide. The cumula
tive risk estimate of 12% (95% confidence 
interval (CI): 3%-46%) at 5 years for patients 
with Hodgkin disease and 18% (95% CI: 5%-
49%) at 3 years for patients with small cell 
lung cancer. Early after initial treatment 
these patients might present balanced trans
locations llq23 and 21q22 [15]. 

Differences Between i.v.and Oral Application of 
Etoposide 

Etoposide is poorly and eratically absorbed 
from the gastrointestinal tract, most studies 
have shown a 30 to 76% bioavailability with 
a wide interpatient variability. To bypass 
these problems, the water-soluble analog 
etoposide-phosphate was synthesised (Fig. 
3). This prodrug is converted to etoposide 
within minutes in the plasma and its bio
availability is 68.0% ± 17.9% (SD) [16]. The 
plasma pharmacokinetic parameters after 
i.v. administration and oral administration 
are shown in Table 2 and typical plasma
time-curves are shown in Fig.4 [16]. 

Dose Dependent Biological Effects 
ofTopo-Il-lnhibitors 

In a typical plasma-concentration-curve 
two major phases can be discriminated: high 
plasma drug concentration after i.v. applica
tion which lasts not longer than 3 h and a 

long terminal half-life which is basically the 
same after i.v. or oral application. The 
through-level drug concentrations are 10-
100-fold below the peak. To compare the bio
logical effects of topo II inhibitors we incu
bated human myeloid leukemia HL-60 cells 
for different times and with different con
centrations with idarubicin (Fig. 5) and with 
etoposide (Fig. 6). The cells have been incu
bated with the indicated drug concentration 
for different times (0.5-48 h), then the cells 
were washed and reincubated in medium 
without drugs. The medium had been 
changed every day and the viable cells deter
mined by Trypan-blue exclusion. 

The doubling time of HL-60 cells is about 
28 h. It seems that the presence of the drug 
for this time is more important than a higher 
drug concentration. Interestingly, at very 
low concentrations of etoposide we found 
quite a high viability, but the cells were 
quiescent and died after about 10 days in 
culture. Performing a nitro-blue-tetrazolium 
assay (NBT test) which indicates granulo
cytic differentiation showed that up to 53% 
of the cells were differentiated (Table 3) [17]. 
The concentrations used in these experi
ments are in the range of plasma levels 
reached after oral application. 

Discussion 

The cellular effects of topo II inhibitors 
highly depend upon the concentration in 
which they are used. At high drug concen
trations which are reached shortly after i.v. 
application the outcome of treatment de
pends highly upon the reaction of the cell to 
the molecular effects of drug treatment. In 
most cases, the cells do not die immediately, 

Table 2. Plasma pharmacokinetic after 1 h i. v. administration of etoposide, or after oral administration of the 
prodrug etoposide phosphate in cancer patients (mean:±: SD). (After Chabot 1996) 

Drug (route) Dose (mg/m2) Cmax (flg/ml) AUC (flg h/ml) Terminal tl/2 (h) 

E(i.v.) 80 15 ± 3 88 ± 22 8.1 ± 4.1 
EP (p.o.) 50' 4 ± 0.4 30 ± 3 11.9:±:7.8 
EP (p.o.) 100' 8:±:4 68 ± 19 7.8 ± 3.5 
EP (p.o.) 125' 10 ± 4 91 ± 30 11.4 ± 6.4 
EP (p.o.) ISO' 14 ± 4 127 ± 38 8.5 ± 3.3 

Abbreviations: E, etoposide; EP, etoposide phosphate. 'EP dose is expressed in E equivalent. 
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Fig. 4. Pharmacokinetic of etoposide i. v. and etoposide phosphate p.o. [16] 

Fig. 5. Viability (%) of HL-60 
cells after different times of in
cubation with idarubicin. Vi
ability of control-cells was 80-
90% 
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but after the initiation of a frustrated rescue 
attempt. In the treatment of sensitive cells 
with lethal doses of topo II inhibiting drugs, 
two stops can be distinguished. With a few 
exceptions the drugs stabilize a topo II-DNA 
complex at different stages of the enzymes' 
action cycle after the induction of DNA 
strand breaks by the enzyme. Obviously, this 
genotoxicity is a prerequisite for the initia
tion of cellular reactions which depend 
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If) q 0 q q 
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upon the expression of specific genes, such 
as p53, c-myc or bcl2 and on the effect of 
growth factors. 

Drug concentrations 10-100-fold below 
the peak level result after oral therapy and 
can be found in the plasma for many hours 
or even several days. At these concentrations 
the cellular reaction on treatment is differ
ent and depends upon the mode of drug-ac
tion (e.g., DNA intercalation site, inhibition 
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Fig.6. Viability (%) of HL-60 cells after different times of incubation with etoposide. Viability of control was 
80-90% 

Table 3. Differentiation inducing capacity of topo II
inhibiting drugs 

Inductiona Drugb Mode of action 

No (0-8%) Novobiocin, ATPase 
coumermycin site binder 

Low (18-22%) Anthracyclines, DNA-
mAMSA intercalator 

High (26-53%) Epipodophyllo- Non-
toxines intercalator 

a Number of differentiated cells in percent from all 
living cells. 
b Optimal concentration for induction 10-100 times 
below plasma peak concentration of drug. 

of DNA binding of topo II, inhibition of iso
enzymes, etc.). It might result in specific cel
lular reactions such as inhibition or induc
tion of cellular differentiation or prolifera
tion. At these concentrations, the cells are 
still able to compensate for the functional 
loss of the enzymes as apoptosis in not in
duced. 
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Abstract. Activation of ICE-like-protease 
cascade is a crucial step in Fas/ APO-I 
(CD95) induced apoptosis in different cell 
lines. Here we determined the role of inter
leukin-I 6-converting enzyme (ICE) and 
CPP32/YAMA in gemcitabine induced apop
tosis in leukemic cell lines. Gemcitabine 
(dFdc) is a purin analog, that induces typical 
features of apoptosis in several leukemic 
lines. 

After starting gemcitabine incubation 
CCRF-CEM cells exhibited an 9-fold in
crease in CPP32-activity and an 3.5-fold in
crease in ICE-activity. In HL-60 CPP32 activ
ity increased IS-fold and ICE an 2-fold after 
gemcitabine. Preincubation with ICE- and 
CPP-inhibitory peptides mainly prevented 
enzyme activation. However, survival was 
not affected by inhibiting ICE and CPP32. 
We therefore concluded that either CPP32 
and ICE-function is not essential for gemcit
abine induced apoptosis or other members 
of the ICE-family res. other proteases take 
over proteolytic function. 

Introduction 

Proteolytic cleavage of functionally essen
tial cellular key enzymes playa central role 
in the biological processing of apoptosis [1]. 
The involvement of sequential activation of 

interleukin-I 6-converting enzyme (ICE)
like proteases in FAS induced apoptosis has 
been demonstrated for several CD95-posi
tive cell lines [2-6]. ICE proteases apparently 
play also a crucial role in staurosporine-in
duced programmed cell death (PCD) [7]. 
ICE-like proteases are cysteine proteases 
with a high affinity to aspartic acid [8,9]. 
Several ICE homologues have been identi
fied. 

With regard to cleavage function during 
the course of apoptosis, interleukin-I 6-con
verting enzyme itself and CPP32/Yama are 
by now the best characterised ICE-like pro
teases. 

ICE is known to cleave pro-IL-I6 and pro
CPP32/Yama [10]. CPP32 has been shown to 
cleave lamins,globular actin, the nuclear mi
totic apparatus protein (NuMA), the 70-kDa 
protein component of the UI-ribonucle
oprotein (Ul-70 kDa), poly(ADP-ri
bose)polymerase (PARP) and DNA-depen
dent protein kinase (DNA-PK) [10-12]. At 
least PARP and DNA-PK are believed to play 
an important role in regulating the cell cycle 
and repair in response to DNA damage and 
repair. 

We hypothesised that cytotoxic drug in
duced apoptosis also involve activation of 
ICE-like proteases. Therefore we applied 
Gemcitabine (2' ,2' -difluorodeoxycytidine, 
dFdc), a nucleoside analog to induce DNA 

1 Department of Hematology/Oncology, Klinikum Grosshadern, Ludwig-Maximilians-University, Munich, 
Germany and 

2 GSF-Research Center, Institute for Clinical Hematology, Munich, Germany 
3 Lilly Deutschland GmbH, Bad Homburg, Germany 
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fragmentation leucemic cells [13}. As target 
cell lines CCRF-CEM (T-ALL) and HL-60 
(AML) were used. 

Material and Methods 

Materials 

Gemcitabine (Lilly Deutschland GmbH, Bad 
Homburg) was provided as pure substance 
and dissolved in sterile distilled water before 
each experiment in order to obtain constant 
quality of preparations. 

CPP32 inhibitor tetrapeptide DEVD-cho 
(N-acetyl-Asp-Glu-Val-Asp-CHO) and ICE 
inhibitor YVAD-cho (N-acetyl-Tyr-Val-Ala
Asp-CHO) were purchased from Bachem 
Feinchemikalien, Bubendorf, Switzerland. 
Fluorogenic substrates DEVD-AFC ((N -ace
tyl-Asp-Glu-Val-Asp-7 -amino-4 -trifluoro
methyl coumarin) and YVAD-AFC (N-ace
tyl-Tyr-Val-Ala -Asp-7 -amino-4 -trifluoro
methyl coumarin) were purchased from 
Biomol Feinchemikalien, Hamburg, Germa
ny. All peptides were stored as stock solu
tions in DMF. 

Cell Lines and Culture Conditions 

CCRF-CEM cells and HL-60 were grown in 
RPMI 1640 containing 10% FCS, 10 mM 
HEPES, pH 7.3 and 2 mM I-glutamine. For 
experiments cell lines were washed twice in 
RPMI 1640 and then cultured in medium 
with addition of gemcitabine and/or pep
tides. 

Assay of Cell Viability 

Cell viability was assessed morphologically 
by staining nuclei of cells with Hoechst 
33342 and PI. 

Determination of Apoptosis 

For analysis of DNA-fragmentation, cell pel
lets were treated with lysis buffer at 37°C 
overnight. Protein was then precipitated 
with NaCI and centrifuged at 3300 g. DNA in 

the supernatant was precipitated overnight 
with ethanol at -20°C. After centrifugation 
at 3300 g, the pellet was dissolved in Tris
HClIEDTA and incubated with RNase. Sub
sequently electrophoresis on a 1.4% agarose 
gel was performed followed by ethidium 
bromide staining. 

Western Blot Aanalysis of CPP32 and ICE 

For Western blotting, proteins obtained 
from whole-cell lysates were separated by 
12% SDS-PAGE and transferred to ECL 
membranes (Amersham, Braunschweig, 
Germany). Detection of CPP32 was per
formed using a monoclonal mouse-anti
CPP32 antibody (Clone 19, Transduction La
boratories, Lexington, USA) For 45 kDa ICE 
precursor a rabbit polyclonal antibody was 
applied (Clone A19, Santa Cruz Biotechnol
ogy, Santa Cruz, California). For detection 
ECL-system was used (Amersham). Equal 
loading was proven by actin control stain
ing. 

Assay of Enzyme Activity 

Treated cells (3 X 106) were collected, washed 
three times with PBS and suspended in 
50 mM Tris-HCI (pH 7.4), 1 mM EDTA and 
10 mM EGTA.After the addition of 10 flM di
gitonin, cells were incubated at 37°C for 
10 min. Lysates were centrifuged at 15000 
rpm for 3 min and cleared supernatants were 
collected. Protein concentrations were ad
justed to 30 flg/ml.Aliquots (2 ml) were incu
bated with 10 fll of DEVD-AFC (50 flM) at 
37°C for 15 min or YVAD-AFC (50 mM) at 
37°C for 30 min. The release of 7-amino-4-
trifluoromethyl coumarin was monitored by 
a spectrofluorometer (Hitachi F-2000) using 
an excitation wavelength of 400 nm and an 
emission wavelength of 505 nm. Activity of 
controls were taken as 100%. 

Results 

ID50 (48 h) for gemcitabine was 0.0075 
flmolll in HL-60 and 0.02 flmolll in CCRF
CEM. Drug incubation was done perma-
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nently with gemcitabine at a concentration 
of 0.0 1 Ilmolll i.e., without intercurrent drug 
removal by washing. Gemcitabine induced 
cell death was in both lines associated with 
typical oligonucleosomal DNA-fragmenta
tion. 

Fluorimetrical monitoring for specific 
cleavage of AFC-conjugated tetrapeptides 
was performed for interleukin-l B-convert
ing enzyme (YVAD-AFC) and CPP32 
(DEVD-AFC) separately. Highest levels of 
proteolytic activity were measured 8 h after 
starting gemcitabine (0.01 Ilmolll) treat
ment in HL-60 and CCRF-CEM. 

In HL-60 CPP32 activity after gemcita
bine reached 8 h after starting treatment 
1480% of activity in untreated control. ICE 
activity increased up to 220%. In CCRF
CEM CPP32 activation peaked at 950% and 
ICE at 370% of untreated control (Fig. I). 

In parallel protein levels of CPP32 and 
ICE-precursor were measured using ECL
western blots. After gemcitabine incubation 
levels of inactive 32 kDa CPP32 precursor as 
well as inactive 45 kDa ICE precursorde
creased because of activation by specific 
cleavage. 

ICE res. CPP32 enzyme activities were in
hibited by pretreatment and additional per
manent treatment with aldehyd-conjugated 
synthetic tetrapeptides. Therefore we used 

control CPP32 CPP32+lnh 

YVAD-CHO for ICE- and DEVD-CHO for 
CPP32-inhibition. Pretreatment was started 
30 min before drug treatment. Peptide con
centrations were 50 IlMol for YVAD-CHO 
and 50 11M for DEVD-CHO, which were the 
highest non-cytotoxic concentrations. 

Increase of enzyme activity could be 
mainly neutralised by peptide pretreatment. 
In HL-60 CPP 32 increase was cut from 1480 
to 270%, ICE from 220 to 110%. Correspond
ing movements were 950 to 250% and 370 to 
160% in CCRF-CEM (Fig. I). 

With regard to survival after gemcitabine 
treatment there was no significant differ
ence between cells pretreated with ICE
or/and CPP32 inhibitors and non-pretreated 
cells (Table I). 

Table 1. Vitality after gemcitabine treatment with and 
without pretreatment 

Vitality (%) HL-60 

control 98 
Gemcitabine 38 
0.01 mmolll 
Gemcitabine 36 
om mmolll + YVAD-Cho 
Gemcitabine 42 
0,Dl mmol/l + DEVD-Cho 
Gemcitabine 33 
om mmol/l +YVAD-Cho 
+DEVD-Cho 

ICE ICE+lnh 

CCRF-CEM 

99 
55 

54 

58 

53 

.HL-60 

OCCRF 

Fig. 1. Proteolytic activity of CPP32 and ICE in HL-60 and CCRF-CEM after incubation with Gemcitabine 
(8 h). Pretreatment with specific tetra-peptide enzyme inhibitors. Controls are untreated. +Inh plus inhibito
rypeptide 
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Discussion 

It is now clear that members of the ICE-like 
protease family play key biological roles in 
apoptosis induced by different stimuli. Best 
examined induction mechanism involving 
ICE-like proteases is Fas/ APO-l-mediated 
apoptosis. In HeLa and Hep G2 cells CPP ac
tivity increases dramatically shortly after 
exposition to Fas agonistic antibody [4]. Se
lective inhibitors of CPP32 prevent Fas me
diated apoptosis while ICE-inhibitors are 
much less effective [4,5]. Recent works dem
onstrated the involvement of the Fas/ APO-l 
receptor/ligand system and subsequently 
also the ICE-proteases in drug-induced 
apoptosis in leukemia cells [14]. But there 
are only few reports on the effect of cytotox
ic drugs on the ICE-proteases. Jacobsen et al. 
demonstrated that staurosporine induced 
apoptosis in GM701 cells can be blocked by 
the use of specific CPP32-inhibitors but not 
by ICE-inhibitors [7]. 

We decided to determined the role of ICE 
and CPP32 in gemcitabine induced apopto
sis. Gemcitabine (2', 2' -difluorodeoxycyti
dine, dFdc) was chosen because of its ability 
to induce typical morphological and bio
chemical patterns of apoptosis in leukemic 
cell lines. 

ICE-like proteasese are cysteine proteases 
with a high affinity to aspartic acid [8,9]. 
Several ICE-homologues have been identi
fied (e.g., ICE, CPP32/Yama, ICH-l, Mch2). 
In order to survey the growing number of 
ICE-members recently even an own ICE-no
menclature has been created. The family 
name caspases was proposed. C stands for 
the cysteine protease mechanism, aspase re
fers to their ability to cleave after aspartic 
acid. By now caspases were devided into 10 
subgroubs [15]. 

With regard to cleavage function during 
the course of apoptosis, interleukin-l 6-con
verting enzyme (caspase-l) itself and 
CPP32/Yama (caspase-3) are well character
ised. We therefor decided to concentrate our 
investigations on CPP32 and ICE. 

In HL-60 as well as in CCRF-CEM we ob
served a marked increase in CPP32 proteo
lytic activity after gemcitabine exposure 
whereas ICE activity rised only slightly. 

This corresponds well with the data 

known from Fas and staurosporine induced 
apoptosis [4,5,7]. The increase of both activ
ities could be suppressed in part but not to
tally using CPP32 and ICE inhibitors. In par
allel to activity increases protein concentra
tion of inactive CPP32 and ICE-precursors 
decreased as expected after (auto)-activa
tion by cleavage. 

After all, surprisingly, inhibition of CPP32 
and/or ICE had no significant effect on cell 
survival after gemcitabine. Although CPP32 
and ICE-activity increase could be abrogat
ed at least in part, there was no protective ef
fect on gemcitabine induced toxicity in both 
cell lines. These results are standing in direct 
contrast - as mentioned above - to what has 
been reported about Fas and staurosporine 
induced apoptosis. 

A potential explanation for our results 
could be that depending on the mechanism 
of apoptosis-induction different compo
nents of the large number onCE-like-family 
members are activated. Another possibility 
would be that activation of the ICE-cascade 
is an arbitrary mechanism in the course of 
gemcitabine-induced programmed cell 
death. Then gemcitabine would intiate alter
native mechanism to kill leukemic cells via 
apoptosis. 

In order to answer these questions further 
investigations are necessary. Monitoring of 
other ICE-like components has to be done. 
Also interesting is to study the involvement 
of other PCD-relevant systems like PARP 
and mitochondrial function. 
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Abstract. For treatment with cyclophospha
mide (CP) rapid repair of CP-induced DNA 
interstrand cross-links (ICLs) seems to be an 
important problem in the lack of activity. This 
implies the idea of combined treatment of CP 
with nucleoside analogs such as fludarabine 
or gemcitabine, which should be able to inhib
it repair of damaged DNA. Using multiple 
drug effect analysis we investigated the inter
action between the cyclophosphamide pro
drug 4-H C and the nucleoside of fludarabine, 
F-ara-A. Simultaneous exposure to the drug 
combination 4-HC/F-ara-A for 4 h resulted in 
synergistic reduction of clonogenicity in the 
lymphoblastic cell line CCRF-CEM. This find
ing was in agreement with repair experiments 
of 4-H C induced I CLs. After 4 h exposure to 10 
flM 4-HC alone and washing into drug-free 
media, more than 80% of the ICLs were re
paired after 6 h. In contrast, the retention of 
ICLs was increased in cells incubated with 4-
HC in combination with F-ara-A, such that 
most ofICLs remained after 6 h. These results 
suggest a possible role of nucleoside analogs 
to suppress the repair of damaged DNA. This 
may be a mechanistic basis for the synergistic 
cytotoxicity of combined treatment with al
kylating agents and nucleoside analogs. 

Introduction 

High dose combination chemotherapy re
mains the principal approach to achieving 

maximal responses during clinical treat
ment ofleukemias and solid tumors in com
parison to the observation that single agent 
treatment in the past was unable to eradicate 
most haematologic malignancies. Drug se
lection for combination chemotherapy re
gimes is generally based on the knowledge 
of the single agent activity against the malig
nancies, the known dose-limiting toxicities, 
and cross-resistance data. However, to devel
op novel strategies in the treatment ofleuke
mia and solid tumors it is necessary to inves
tigate the mechanism of interaction 
between different cytostatic drugs. This ra
tionale is illustrated by the combination of 
DNA damaging agents, such as cyclophos
phamide (CP), with fludarabine or gemcita
bine, nucleoside analogs that inhibit DNA 
replication and repair. 

CP is a commonly used antineoplastic 
agent that shows activity against a variety 
of neoplastic diseases and is also used as an 
immunosuppressive agent in bone marrow 
transplantation [1-3]. The DNA alkylating 
agent 4-hydroperoxycyclophosphamide (4-
HC) is an active derivative of CP, which is 
metabolized to the same active alkylating 
end products as CP, but does not require 
P450 liver enzymes. 4-HC is used for in vi
tro studies and for ex vivo purging of dor
mant leukemic cells from peripherial stem 
cells of AML patients prior autologous 
transplantation [4]. CP and 4-HC are each 
metabolized in two different competing 
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Fig. 1. Mechanism of interaction between cyclophosphamide and the nucleoside analogs fludarabine and 
gemcitabine 

pathways to phosphoramide mustard and 
acrolein and on the other hand to nornitro
gen mustard [5,6]. The cytotoxic action is 
thought to result mainly from phosphora
mide mustard-induced DNA interstrand 
and intrastrand cross-links. Acrolein is re
ported to bind to proteins, to form DNA 
mono adducts, to induce DNA single and 
double-strand breaks. In contrast, the ac
tion of nornitrogen mustard results in DNA 
protein cross-linking [5-8]. Some studies 
about alkylating agents showed that cell re
sistance is correlated with rapid repair of 
DNA interstrand cross-links, increased 
aldehyde dehydrogenase activity or elevat
ed levels of glutathione [9-16]. Overcoming 
cell resistance to alkylating agents implies 
the idea of combined treatment of these cy
tostatic drugs with nucleoside analogs, 
which should be able to slow down the re
pair process of damaged DNA (Fig.I). The 
nucleoside analog fludarabine is an effec
tive drug in the treatment of leukemia [17, 
18]. The activity of this drug is dependent 
on the phosphorylation of the prodrug nu
cleoside, F-ara-A, to the active metabolite 
F-ara-ATP, which inhibits DNA, and RNA 
synthesis, and leads to cell apoptosis [19, 
20]. Especially the inhibition of key en
zymes which are involved in DNA metab
olism, e.g. ribonucleotide reductase [19, 
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21], DNA primase [22], the polymerase £

associated 3 to 5 exonuclease [23] and DNA 
ligase [19] are associated with the possibil
ity that these nucleoside analogs are effec
tive inhibitors of DNA repair. 

To develop better strategies in the treat
ment of leukemia it was the aim of the 
present study to investigate whether a syner
gistic effect can be obtained in CCRF-CEM 
cells incubated with 4-HC and F-ara-A. In 
addition we studied the role of F-ara-A on 
the repair of 4-HC-induced DNA interstrand 
cross-links. 

Materials and Methods 

Chemicals 

F-ara-A was a gift from Dr. V. 1. Narayanan of 
the Drug Synthesis and Chemistry Branch of 
the National Cancer Institute (Bethesda, 
MD). 4-HC was obtained as a gift from Dr. 
Michael Colvin, John Hopkins University 
School of Medicine (Baltimore, MD). Imme
diately before use, the drug was dissolved in 
Millipore-pure and filtered water. Proteinase 
K and Rnase (DNase free) were from Boeh
ringer Mannheim (Indianapolis, Ind.). All 
other reagents were of analytical grade and 
commercially available. 



Cell Lines 

The human T -lymphoblastic cell line CCRF
CEM was obtained from the American Type 
Culture Collection (Rockville, MD). The 
cells were kept in exponential growth at 
37 °C and maintained in RPMI 1640 medium 
(Gibco, Grand Island, NY) supplemented 
with 10% fetal bovine serum (FBS, Gibco). 
Under these conditions, the population dou
bling time was between 20 and 24 h. 

Clonogenic Assay and Analysis of Drug Interactions 

The determination of the cytotoxicity was 
performed using a clonogenic assay with the 
following modifications. Plastic dishes (60 
mm) were filled with 4 ml bottom layer sup
plemented with RPMI 1640, 20% FBS, 1% 
penicillin/streptomycin and 0.7% low melt
ing agarose (Gibco) and 1 ml upper layer in
cluding cells in RPMI, 20% FBS, 1 % antibio
tics and 0.35% low melting agarose. Cells 
were incubated without antibiotics with var
ious concentrations of 4-HC (0.05,0.1,0.25, 
0.5,1,2.5,5,10 fiM) and/or F-ara-A (0.05,0.1, 
0.25,0.5,1,2.5,5,10 fiM) for 4 h and washed 
twice with drug free medium. Because of the 
instability of 4-HC (t1/2 in tissue culture is 
about 2 h), no experiments were done with 
24 h incubations. Depending on the drug 
concentration, 200-1000 cells were plated in 
quadruplicate and incubated for 11 days. At 
the end of the incubation period, the clones 
were stained with p-iodonitrotetrazolium 
violet (Sigma) and colonies of more than 100 
cells were counted with an inverted micro
scope. To analyze drug interaction, cells were 
incubated with these different concentra
tions of 4-HC and F-ara-A as single agents, 
and simultaneously in combination at a 
fixed concentration ratio of 1:1. The fraction 
unaffected (Fu) and fraction effected (Fa = I
F u) were calculated by dividing the number 
of colonies in drug-treated plates by the 
number of colonies in the control plates. 
Dose response interactions (antagonism, 
additivity, and synergism) between 4-HC 
and F-ara-A were analyzed by the method of 
Chou and Talalay, calculated using a compu
terized program of Chou and Chou [25,26]. 
The results were plotted as combination in-

dex ,CI, versus fraction affected, Fa. Accord
ing to this method synergism is indicated by 
a CI less than 1, additivity by a CI equal to 1, 
and antagonism by a CI greater than 1. Line
ar correlation coefficients, r, were generated 
for each curve of drug interaction to deter
mine precision, which in all experiments 
was> 0.84. 

Isolation of Genomic DNA for the Determination of 
DNA Interstrand Cross-Links 

4-HC-induced DNA interstrand cross-links 
were determined after cells were incubated 
for 4 h with 10 fiM 4-HC alone or in combi
nation with 10 fiM F-ara-A.Atthe end of the 
drug exposure, cells were washed twice and 
incubated in drug-free media for up to 6 h. In 
part of the cells, ICLs were measured at the 
end of the 4 h drug exposure. At these times, 
5 x 106 - 2 X 107 cells were lysed with 150 
fig/ml RNAse in digestion buffer containing 
0.5% sodium dodecyl sulfate, 10 mM Tris
HCI buffer, pH 8, and 1 mM EDTA for 1 h at 
37°C and for additional 2 h at 50°C with 0.5 
mg/ml proteinase K. At the end of the incu
bation, genomic DNA was isolated in three 
steps by extraction first in an equal volume 
of phenol, second in equal volumes of phe
nol!chloroform/isoamylalcohol (25:24:1) 
and finally chloroform/isoamylalcohol 
(24:1). The DNA was precipitated with two 
volumes of cold 100% ethanol and half a vol
ume of cold 5 M ammonium acetate. All 
steps of the DNA extraction procedure were 
performed in low light. Finally, the DNA was 
washed twice with 70% ethanol, air dried 
and resuspended in TE buffer (1 mM EDTA, 
10 mM Tris-HCI, pH 8). The purified DNA 
was kept in the dark at 4 °C until determina
tion of the DNA interstrand cross-links. 
Under these conditions the interstrand 
cross-links were stable for up to 1 month. 

Quantitation of DNA Interstrand Cross-Links 

For quantitation of the DNA cross-links an 
ethidium bromide fluorescence (EBF) assay 
was used as described previously [27,28]. 
Briefly, from each sample 10 fig of the puri
fied DNA (as described above) were trans-

551 



ferred in duplicate in two brosilicate tubes. 
After adding 400 fll of assay buffer, contain
ing 20 mM potassium phosphate and 2 mM 
EDTA, pH 12.0, one of the tubes was heated 
in a water bath at 100°C for 10 min and then 
rapidly cooled in a 27°C water bath. Mean
while, the other tube was kept at 27°C. Final
ly 2.5 ml assay buffer containing ethidium 
bromide (1 flg/ml) was added to each tube 
and the fluorescence was measured in 1 cm2 

cuvettes at room temperature in a Perkin El
mer LS-50 fluorescence spectrophotometer 
(Norwalk, CT) with an excitation wave
length of 305 nm and an emission wave
length of 590 nm. In each assay, salmon 
sperm DNA (Sigma) with a known number 
of interstrand cross-links, formed by treat
ment with CDDP at 37°C for 4 h [28], was in
cubated as a reference. The relative cross
link index ,CLI, was calculated as follows: 
CLI = Nd = number of cross-
(Nd-NJI Nc links per DNA mole

cule in the drug treat
edsample 

N= 
-In(l- (H/NH)) 

N c = number of cross-links 
per DNA molecule in 
the drug free control 

H = fluorescence value of 
the heated sample 

NH = fluorescence value of 
the non heated sam
ple. 

Thereby 1-(H/NH) is the fraction of fluores
cence representing the amount of non
cross-linked DNA. 

Results 

Cytotoxicity and Interaction Between 4-HC 
and F-ara-A 

A highly synergistic effect was obtained for a 
combined treatment of CCRF-CEM cells 
with 4-HC and F-ara-A in a concentration 
ratio 1: 1 at concentrations higher than 1.8 
flM. At lower concentrations this was con
verted to antagonism. The concentrations at 
which synergy was observed are clinically 
relevant for high dose chemotherapy. The 
mean single-agent IC50 values (the concen
tration of drug that inhibits cell growth by 
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50% in comparison to the control without 
drug) was 4.7 flM for F-ara-A and 5.5 flM for 
4-HC after 4 h incubation. Control cells had 
a colony forming efficiency of 29±7%. 

Effects of F-ara-A on the Repair of 4-HC -Induced DNA 
Interstrand Cross-Links 

DNA-DNA interstrand cross-link formation 
OCL) was maximal after a 4-h incubation 
with 4-HC. In CCRF-CEM cells, the ICL in
dex was 0.35±0.16 after a 4-h incubation 
with 10 flM 4-HC alone and 0.38±0.15 for the 
combined treatment with 10 flM 4-HC and 
10 flM F-ara-A. More than 80% of the DNA 
interstrand cross-links were repaired during 
the first 6 h, if cells were incubated with 4-
H C, only. After this time, the cross-link index 
signal decreased below the limit of detec
tion, 0.1. The elimination half-life for I CLs 
was 3.2-0.6 h. In contrast, the retention of 
ICLs was increased in cells incubated with 
the combination, such that most of the ICLs 
remained after 6 h. 

Discussion 

In this study, treatment of CCRF-CEM cells 
in vitro with 4-HC in combination with the 
nucleoside analog, F-ara-A, produce syner
gistic cytotoxicity. The interaction effect was 
synergistic at drug concentrations that are 
clinically relevant. 

To investigate the mechanism of interac
tion further, we studied drug-induced DNA 
damage. Previous studies showed that phos
phoramide mustard, one active metabolite 
of 4-HC and CP, caused mainly DNA-DNA 
inter- and intrastrand cross-links. These 
studies were focused on 4-HC treatment as a 
single drug and it's role in damage of DNA 
[6, 16,29-33].In our experiments we demon
strated, in the interaction between 4-H C and 
F-ara-A, the role of F-ara-A was to slow 
down the repair of 4-HC-induced DNA 
interstrand cross-links. In CCRF-CEM cells, 
F-ara-A was able to inhibit the repair of 
damaged DNA. Similar observations were 
described by Yang et al. for the drug combi
nation of cisplatin and F-ara-A [28]. Fur
thermore, our results are in accordance with 
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Fig.2.Interaction between 4-HC and F-ara-A: CCRF
CEM cells were incubated for 4 h with 4-HC (0.05-50 
flM) and F-ara-A (0.05-50 flM) alone or in the fixed 
ratio 1: 1 and clonogenicity was determined after 11 
days. Combination Index plots were generated by 
computerized median-effect analysis using the mu
tually non-exclusive isobologram equation (upper 
curves) and the mutually exclusive isobologram 
equation (lower curves). The values of Combination 
Index more than 1 represents antagonism and less 
than 1 synergism 

the first clinical results for treatment of 
chronic lymphocytic leukemia with cyclo
phosphamide and fludarabine at M.D. An
derson Cancer Center. This drug combina
tion showed a higher response rate in previ
ously treated patients resistant to fludara
bine alone and also to alkylating agents [34]. 

Data in the literature about a correlation 
between cell toxicity and formation and re
pair of 4-HC-induced cross-links are con
flicting [11,12,29]. Inhibition of the repair of 
DNA-DNA interstrand cross-links by nucle
oside analogs seemed to be only one of sev
eral events, which contributes to the syner
gism between 4-HC and nucleoside analogs. 
Other reasons are described: First, 4-HC is 
also known to induce DNA protein cross
links, intrastrand cross-links, which may 
contribute to single- and double strand 
breaks [6, 30-32]. Second, the removal of 
ICLs does not mean that the lesion at the 
DNA is entirely repaired. Complete cross
link repair requires subsequent removal of 
the adducted base in both opposite strands, 
as well as repair patch synthesis and ligation 
in both strands [8]. The study of Wang et al. 
showed that repair ofICLs and DNA-protein 
cross-links might be an early event, which 
produce secondarily single strand breakage 
[6]. This could be dependent on the concen-
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Fig.3.Influence ofF-ara-A on the repair of 4-HC in
duced inter-strand cross-links: CCRF-CEM cells 
were incubated with 10 flM 4-HC alone (open sym
bols) or in combination with 10 flM F-ara-A (closed 
symbols) for 4 h and after removing in drug free me
dium for up to 6 h without drugs. DNA interstrand 
cross-link index was determined by the EBF-assay. 
Time point 0 represents the ICL formation after the 
4-h incubation 

tration of 4-HC, and might be an explana
tion that in our study lCLs could be detected 
reproducibly by an ethidium bromide assay 
for concentrations between 1 and 20 flM 4-
He. Third, the repair mechanism of dam
aged DNA is a multifactorial process with re
version, excision and tolerance of DNA le
sions [13]. Although the excision repair pro
cess seemed to be most important for the re
pair of DNA cross-links, other repair mecha
nism like recombinational repair, mismatch 
repair, and a mechanism of DNA repair sim
ilar to the SOS repair in prokaryotic cells 
may also play an important role in the repair 
cycle [13,14,35,36]. 

Summarizing, our studies indicate that 
combined treatment with cyclophospha
mide and the nucleoside analog fludarabine 
might help to overcome cell resistance to cy
clophosphamide due to rapid repair of ad
ducted DNA. In a second sense, the initiation 
of repair processes that include DNA resyn
thesis steps permit the incorporation of flu
darabine into DNA. Thus, complementary 
mechanism of actions of the combined 
treatment with 4-HC and F-ara-A point at a 
hopeful new aspect in the treatment of re
lapsed CLL. Further investigations should 
be focused on the understanding the ability 
of alkylating agents to initiate different DNA 
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repair mechanisms and the inhibition of 
these processes by nucleoside analogs. Fi
nally, a better understanding about the ex
pression of specific genes involved in the re
pair of damaged DNA may provide a phar
macodynamic basis for the design of sched
ules of drug administration in the clinic. 
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Enhanced Effects of Adriamycin by Combination with a New 
Ribonucleotide Reductase Inhibitor, Trimidox, in Murine Leukemia 

1. NOVOTNY!, D. ROMANOVA!, R. GbBL2, J. SEDLAK!, A. VACHALKOVA!, P. RAUKo!, 

M. FRITZER-SZEKERES2, H.1. ELFORD3, T. SZEKERES2 

Abstract. Ribonucleotide reductase is the rate 
limiting enzyme of de novo DNA synthesis; 
its activity is significantly increased in tumor 
cells related to the proliferation rate of the tu
mor cell. Therefore the enzyme is considered 
to be an excellent target for cancer chemo
therapy. In the present study we tested the in 
vitro and in vivo antitumor effects of a drug 
combination using trimidox (3,4,5-trihy
droxybenzohydroxamidoxime), a novel in
hibitor of ribonucleotide reductase with ad
riamycin, a widely used anticancer drug. 
This combination was selected because adri
amycin generates free radicals, which are re
sponsible for cardiotoxic side effects of adri
amycin treatment, and because trimidox has 
been shown to be a good free radical scaven
ger. The in vitro cytotoxic effect of the drug 
combination was examined in L 1210 mouse 
leukemia cells employing an MTT chemo
sensitivity assay. Simultaneous in vitro incu
bation of these cells yielded antagonistic cy
totoxic effects compared to either drug 
alone. These effects were not caused by the 
involvement of p-glycoprotein mediated 
drug efflux. However, when the effect of tri
midox and adriamycin in combination was 
examined in L 1210 leukemia bearing mice, 
antitumor effects of adriamycin could be en
hanced by the presence of trimidox. Animals 
were treated on day two after tumor cell in
jection with 5 mg/kg adriamycin and re
ceived 250 mg/kg trimidox on days 2,3 and 4. 

Mice treated with adriamycin or trimidox 
alone yielded a 41 and 38% increase in life 
span, respectively. However, animals, which 
were treated with both drugs, showed a 89% 
increase of their life span. Our data indicate, 
that in vitro results of drug combinations 
should be interpreted with extreme caution 
and suggest that the in vivo combination of 
adriamycin together with trimidox might be 
beneficial for the treatment of malignancies. 

Introduction 

Ribonucleotide reductase (RR) is the rate 
limiting enzyme of de novo DNA synthesis. 
The enzyme was shown to be significantly 
increased in activity linked with malignant 
transformation and proliferation [1, 2]. It 
was therefore considered to be a good target 
for cancer chemotherapy [3, 4]. Although 
various inhibitors of RR have been synthe
sized, presently only hydroxyurea, a relative
ly weak inhibitor of the enzyme, is clinically 
used for the treatment of malignancies. 

A newer group of inhibitors of RR are 
polyhydroxy-substituted benzoic acid de
rivatives [1, 5-8]. Among these compounds, 
trimidox (3,4,5-trihydroxybenzohydroxam
idoxime) was one of the more effective en
zyme inhibitors and demonstrated excellent 
anticancer activity in animal tumor models. 
It inhibited the growth of various tumor cell 

1 Cancer Research Institute, SAS, Spitalska 21, SK-812 32 Bratislava, Slovak Republic 
2 Clinical Institute for Med. and Chern. Laboratory Diagnostics, University of Vienna, Medical School, 

Vienna, Austria 
3 Molecules for Health Inc., Richmond, Virginia, USA 
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lines more effectively than hydroxyurea and 
demonstrated in vivo activity in 11210 leu
kemia bearing mice superior to hydroxyurea 
[9, 10]. Trimidox was also shown to exhibit 
iron binding capacity and to be a free radical 
scavenger [11, 12]. 

Adriamycin is a potent anticancer drug 
with various mechanisms of action ascribed 
to its effectiveness. It intercalates with the 
cellular DNA, generates free radicals and 
causes cell membrane damage [13, 14].Adri
amycin is clinically used in a broad range of 
tumors, such as breast, bladder, endometri
um, lung, stomach or thyroid carcinomas. It 
is also used in the treatment of sarcomas of 
the bone and soft tissue, pediatric solid tu
mors or in the treatment of haematological 
malignancies [13]. However, its action is 
compromised by the formation of free radi
cals, in particular hydroxyl radicals, which 
are responsible for toxicity, particularly the 
anthracyclin -induced cardiotoxicity [15]. 

The aim of the present study was to inves
tigate the combination effects of adriamycin 
with trimidox in vitro and in L 121 0 leukemia 
bearing mice. As both agents have different 
modes of action and trimidox was shown to 
scavenge free radicals, we expected trimidox 
to be capable of protecting against the toxic
ity caused by adriamycin [11, 16]. In addi
tion, didox (3,4-dihydroxybenzohydroxamic 
acid), a first generation polyhydroxy-substi
tuted benzohydroxamate improved the anti
tumor effect of adriamycin in leukemia bear
ing mice [16]; therefore we now tested tri
midox, the more effective RR inhibitor re
garding its combination effect with adriamy
cin. In vitro cytotoxicity against L 1210 
mouse leukemia cells was examined using a 
MTT (3- [4,5-dimethylthiazo-2-yl]-2,5-di
phenyl tetrazoliumbromide chemosensi
tivity assay. Also the combination effect of 
trimidox together with adriamycin was ex
amined in L 1210 leukemia bearing animals. 

Material and Methods 

Cell Lines 

The L 1210 mouse leukemia cell line was 
purchased from the American Type Culture 
Collection (Rockville, MD, USA). 

Cell Culture 

The cell line was kept in RPMI 1640 medium 
supplemented with 10% heat inactivated 
FCS (Grand Island Biological Co., Grand Is
land, NY), penicillin (100 U/ml) and strepto
mycin (100 flg/ml). The cells were incubated 
at 37°C in a humidified atmosphere of 5% 
CO2 : 95% air. 

MTT Chemosensitivity Assay 

Cells were incubated at a concentration of 10 
000- 20 000 cells Iwell in 96-well micro titer 
plates in supplemented RPM I 1640 medium. 
Cells were incubated simultaneously with 
various concentrations of adriamycin and 
trimidox for 4 days. Then the reduction of 
the tetrazolium compound (3-[4,5-Dime
thylthiazo-2-yl])-2,5-diphenyl tetrazolium
bromide (MTT) was assayed using an assay 
kit (Promega) according to the supplier's 
manual. The absorbance was recorded using 
a Microplate Autoreader (BIO-TEK Instru
ments) [9]. 

Animals 

Inbred male mice of the DBA12J strain (Ve
laz, Prague, Czech Republic) weighing 18-20 
g were caged in experimental groups under 
standard conditions. 

L 1210 in Vivo Leukemia and its Treatment 

L 1210 leukemia cells (lOs per mouse) were 
inoculated into the peritoneal cavity. Six or 
more animals were treated per group. The 
animals were observed daily for the develop
ment of ascites and toxic or leukemia-relat
eddeath. 

Adriamycin Transport Study by Rhodamine 
Incorporation into L 1210 Cells 

Cells (5 x lOs/ml)l were incubated for 60 min 
at 37°C in media containing 500 ng/ml rhod
amine 123 (R123) as previously described by 
Feller and coworkers [17].Verapamil(l0 flM) 
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or trimidox (1 nM, 1 flM and 1 mM) were used 
as modulators and added to the cell suspen
sion 30 min prior to incubation with rhoda
mine. After incubation with R123, cells were 
washed two times in ice cold PBS. Non specif
ic binding of R123 was then measured after 
incubation of the cells at 4°C for 5 min. Accu
mulation of R123 was determined using a 
FACStar flow cytometer (Becton-Dickinson). 
The excitation wavelength was 488 nm and 
fluorescence was monitored through a 530 
nm band-path filter. Data were accumulated 
and evaluated using Consort30 and PC-LY
SYS software packages (Becton-Dickinson). 

Statisti(al Cal(ulations 

The calculations of dose response curves and 
determinations of synergism or antagonism 
were performed using a software designed 
by Chou and Talalay (Biosoft, Ferguson, MO, 
USA) [18]. Comparison of in vivo results 
were calculated using an unpaired t-test. 

Results 

In Vitro Cytotoxddty of Adriamydn and Trimidox 
in L 1210Cells 

L 1210 cells were simultaneously exposed to 
various concentrations of adriamycin and 
trimidox; cytotoxicity was then determined 
by an MTT assay as described in the materi
als and methods. When cells were incubated 
with various concentrations of adriamycin 
for 4 days, the 50% growth inhibitory con
centration (ICso) was 0.06 flM. Under the 
same conditions, trimidox yielded an ICso of 
53 flM. When both drugs were used together, 
antagonistic results were observed as shown 
in Table 1. Combination indices were all > 1, 
indicating, according to Chou and Talalay's 
calculation parameters, antagonistic growth 
inhibitory effects [18]. 

Effe(t ofTrimidox on Rhodamin Efflux in L 1210 Cells 

As the in vitro combination of trimidox with 
adriamycin yielded antagonistic growth in
hibitory effects, we investigated whether P-
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Table 1. Cytotoxic effects of adriamycin and trimidox 
on L 1210 leukemia cells 

Agent/ Conc. Absorbance Comb. 
combination (IlM) (% of control) index· 

Adriamycin 0.03 78.4 
(A) 0.04 68.7 

0.05 52.1 
0.1 27.1 
0.2 9.4 

Trimidox 20 97.3 
(B) 30 91.7 

40 74 
80 4.9 

Adriamycin 0.03 
+ Trimidox 20 90.3 2.406b 

Adriamycin 0.04 
+ Trimidox 20 81.1 2.095b 

Adriamycin 0.05 
+ Trimidox 20 61.7 1.592b 

Adriamycin 0.03 
+ Trimidox 30 7l.9 1.649b 

Adriamycin 0.04 
+ Trimidox 30 56.1 1.472b 

Adriamycin 0.05 
+ Trimidox 30 46.1 1.422b 

Adriamycin 0.03 
+ Trimidox 40 33.4 1.11Ob 

Adriamycin 0.04 
+ Trimidox 40 29.7 1.161 b 

Adriamycin 0.05 
+ Trimidox 40 19.9 1.059b 

Data are means of three or more determinations; 
S.D. values were within 5%. 
• Combination index was calculated according to 

Chou and Talalay. 
b Antagonism: combination index> 1. 

glycoprotein mediated drug efflux might be 
responsible for this antagonism. Cells were 
incubated with 10 flM verapamil or 1 mM, 
1 flM and 1 nM trimidox for 30 min prior to 
rhodamine incubation. Then rhodamine ac
cumulation was measured using FACS anal
ysis. However, neither verapamil nor trimid
ox altered the rhodamine accumulation in 
comparison to previously untreated L 1210 
cells (data not shown). 

Antitumor Activity of Adriamydn with Trimidox 

Murine leukemia L 1210 cells were injected 
intraperitoneally to DBA/2J mice. In the 
first experiment undertaken, adriamycin 



treatment occured only on day 1 with a sin
gle dose of 5 mg/kg. The adriamycin treat
ment produced one cure out of the six ani
mals tested. Treatment with 100 mg/kg tri
midox alone also started in this initial ex
periment on day 1 and was repeated on days 
2 and 3. This trimidox treatment caused a 
23% increase of life span. When animals 
were treated with both adriamycin and tri
midox on the schedule described above, 
three out of seven animals were cured (data 
not shown). Therefore we repeated this ex
periment delaying the treatment until day 2 
after tumor cell injection. Animals were 
treated once on day 2 with 5 mg/kg adriam
ycin and with 250 mg/kg trimidox on days 
2,3, and 4 singly and in combination. As 
shown in Fig. 1, adriamycin alone caused a 
41 % increase of life span when compared 
with untreated control animals. Mice treat
ed with trimidox alone showed a 38% in
crease oflife span, however, the tumor-bear
ing animals which were treated with both 
drugs had an 89% increase of their life span 
when compared with untreated controls. 
This value is significantly different from the 
increases in life span which were caused by 
either drug alone. 

* significantly different 

Fig.l.Mean values ± standard deviation of medium 
survival times are plotted (6 animals per group ).Ad
riamycin treated animals received 5 mg/kg adriamy
cin on day 2 after tumor cell injection. Trimidox (250 
mg/kg) was administered on days 2,3 and 4. Animals 
treated with both drugs together showed an 89% in
crease in life span, when compared with untreated 
control animals. This is significantly different (p < 
0.02) from the medium survival times of animals 
which were treated with either drug alone 

Discussion 

Ribonucleotide reductase (RR) is the rate 
limiting enzyme of de novo dNTP synthesis. 
The enzyme activity is significantly in
creased with malignant transformation and 
proliferation rate [1,2]. Therefore RR is con
sidered to be a good target of cancer chemo
therapy [3,4]. Van't Riet and coworker have 
synthesized a number of polyhydroxy-sub
stituted benzoic acid derivatives as inhibi
tors of the enzyme [7,8, 19].Didox (3,4-dihy
droxybenzohydroxamic acid), one of these 
compounds, proved to be an effective antitu
mor agent in vitro, in animals, and was used 
in clinical phase I and II studies [20-22]. Tri
midox (3,4,5-trihydroxybenzamidoxime) 
and amidox (3,4-dihydroxybenzamidox
ime) are second generation compounds, 
which were also shown to inhibit tumor cell 
growth with IC50s significantly lower than 
those of didox or hydroxyurea, the first clin
ically used inhibitor of RR [9,10,23]. Didox 
and trimidox were shown to form complexes 
with iron and to be excellent free radical 
scavengers [11, 12, 19]. Didox also was 
shown to potentiate the antitumor effects of 
adriamycin, a widely used anticancer drug 
[16]. As adriamycin generates free radicals 
which can cause severe cardiotoxicity, didox 
was used in this combination to scavenge 
these free radicals, thus inhibiting anthracy
cline induced toxic side effects. Indeed, we 
could show that didox in combination with 
adriamycin significantly prolonged the life 
span of L 1210 bearing mice compared to ei
ther drug alone [16].As trimidox acts also as 
a free radical scavenger and could even pre
vent ischemia reperfusion injury in the iso
lated rabbit heart [24], we now combined tri
midox with adriamycin in order to poten
tiate the cytotoxic effects caused by adriam
ycin and to eliminate the side effects of adri
amycin generated free radicals [11,19,24]. 
The combination was first tested in vitro 
employing a MTT chemosensitivity assay. 
Unexpectedly, in L 1210 mouse leukemia 
cells, simultaneous incubation of the cells 
with trimidox and adriamycin caused antag
onistic cytotoxic effects. We initially be
lieved that this antagonism could have been 
caused by mechanisms involving multi drug 
resistance, however the adriamycin trans-
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port experiment indicates the in vitro mod
ulation of adriamycin toxicity by trimidox is 
not due to P-glycoprotein mediated drug ef
flux. In addition, incubation of the L 12lO 
cells with verapamil, an inhibitor of P-glyco
protein did not increase the intracellular 
rhodamine accumulation. This observation 
underlines that MDR is not responsible for 
the observed in vitro combination effects of 
trimidox with adriamycin. In vivo, however 
the combination of adriamycin and trimid
ox was significantly synergistic prolonging 
the life span of L 1210 leukemia bearing mice 
compared to either drug alone. This can be 
explained by the different modes of action of 
trimidox and adriamycin. Trimidox may en
hance the effectiveness of adriamycin by 
potentiating the DNA damaging effect of ad
riamycin by depleting the deoxynucleotide 
endogenous pools and thereby inhibiting 
DNA repair. Moreover, trimidox might have 
scavenged the cardiotoxic hydroxyl free rad
icals, which were generated by adriamycin. 
Elimination of the cardiotoxic side effects of 
adriamycin could have contributed to the 
significant increase in survival time of those 
animals which were treated with both 
agents. Also, our results indicate that in vitro 
cytotoxicity results have to be interpreted 
with caution. These results illustrate the 
danger of relying only on in vitro results. In 
particular when effects, like free radical 
scavenging effects, are involved in the action 
of drugs, data obtained from intact organ
isms rather than from cells in culture are 
usually more informative. Nevertheless, our 
results suggest the in vivo combination of 
adriamycin with trimidox to be an addition
al promising option for the treatment of ma
lignancies. 
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Abstract. The oral application of etoposide 
is attractive for clinical use, but there are 
doubts about its reliability as regards the 
interpatient-variability. This study takes ac
count of the duration of exposure and of the 
AVC and demonstrates that specific target 
concentration ranges can be obtained by 
oral etoposide therapy showing an interpa
tient-variability comparable to the one re
sulting from intravenous therapy. 

Introduction 

There is a need for effective oral chemo
therapy regimens for outpatient treatment, 
but the oral use of etoposide is considered 
to be less reliable than its i.v. application. 
The anti-tumour activity of etoposide has 
been associated with the maintenance of 
low levels (0.5-2 Ilg/ml and 0.5-3 Ilg/ml), 
whereas levels >2 Ilg/ml and >3 Ilg/ml cor
relate with neutropenia [1,2,3]. Therefore 
it seems interesting to compare the dura
tion of etoposide levels within the limits of 
0.5 to 2 Ilg/ml and its interpatient variabil
ity resulting from oral and i.v. therapy. Ad
ditionally, we focussed on this target con
centration range when comparing the area 
under the concentration-time-curve 
(AVCoo) and its variability (coefficient of 
variability, CV). 

Material and Methods 

Thirteen patients received etoposide orally 
(37-149 mg/m2, median 88 mg/m2), 15 chil
dren received short-time infusions (67-200 
lIl@'m , median 150 mg/m2) within different 
treatment schedules. A mean of 8 (oral) and 
5 (i.v.) samples was taken per 24 h and meas
ured using HPLC. As within this dosing 
range the kinetics of etoposide are linear [4], 
it was possible to normalise the data to the 
dose of loomg/m to ensure comparability. 

Results 

Duration of the Exposure to Various Etoposide 
Concentration Ranges 

Oral application of 100 mg/m etoposide re
sults in a significantly longer exposure to the 
concentration range of 0.5-2 Ilg/ml in com
parison to i.v. therapy. The duration of high
er serum levels of > 2llg/ml etoposide can be 
reduced by oral application. 

The interpatient -variability resulting 
from oral treatment compared to i.v. therapy 
is higher only for the time of exposure to the 
higher serum levels above 2 Ilg/ml. There is 
no significant difference concerning lower 
etoposide concentrations above 0.5 Ilg/ml. 
With regard to the duration of levels 
between 0.5 and 2 fig/ml, the variability is 
even lower after oral application. 

1 Dept. of Paediatric Haematology / Oncology Munster, Germany 
2 Dept. of Paediatric Haematology / Oncology Tubingen, Germany 
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duration [h) 
14 

8 

6 

I.v. 

I.v. 

< 0.5 ~g/ml 0.5 - 2 ~g/ml > 2 ~g/ml etoposide 

Fig.1. Time of exposure [h] to various etoposide concentration ranges following the application of 100 mg/m2 

etoposide intravenously and orally; n=13 (oral), n=lS (i.v.) 

Table 1. Time of exposure [h] to various etoposide concentration ranges and interpatient-variability (CV in 
brackets) after intravenous and oral therapy respectively; dose normalised to 100 mg/m2; p-values for com
parison of exposure resulting from t-test and Mann-Whitney Rank-Sum Test 

Etoposide 
100 mg/m2 

Exposure (h) Exposure (h) Exposure (h) Exposure (h) 
to <0.5 jlg/ml to >0.5 jlg/ml to >2jlg/ml to 0.S-2jlg/ml 

i.v. 5.5 (73%) 18.5 (22%) 
Oral 4.9 (105%) 19.1 (27%) 
p= 0.519 0.519 

Contribution of Various Concentration Ranges 
to the Total AUCoo 

The differentiation of the total AUOXl shows 
that the percentage within the limits of 
0.5-2 ~g/ml is significantly higher following 
oral application of etoposide (38% vs. 30%). 
Peak levels higher than 2 ~g/ml contribute 
to only 28% of the AUC in the case of oral 
therapy in contrast to 56% after i.v. treat
ment. 

The interpatient -variability concerning 
the extent which the etoposide levels 
between 0.5 and 2 flg/ml contribute to the 
total AUCoo after oral treatment is compar
able to the one after i.v. application (17% 
each). 

12.7(31%) 5.8 (36%) 
7.9 (42%) 11.2 (24%) 

0.002 <0.0001 

Discussion 

There is no doubt about the advantage of 
oral therapy regimens concerning the bene
fits for the patient. The contribution of out
patient treatment and oral application of 
chemotherapy to an improvement of the 
quality of life should not be underestimated. 
Economic considerations, too, support the 
use of outpatient therapy with the option of 
considerable cost savings [5]. The discus
sion about the validity of the schedule-de
pendency of etoposide for different tumour 
types is still going on [6]. In a trial of the 
German Society for Pediatric Oncology I 
Hematology for the treatment of neuroblas
toma continuous infusion schedules pro
ducing low etoposide steady-state levels 
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> 2 Ilg/ml < 0.5 Ilg/ml 
56% 

0.5-2 Ilg/ml 

30% 

Fig.2a. Distribution of AUC (%) after i. v. application 
of 100 mg/m2 etoposide (n = 9) 

< 0.5 ~g/ml 

> 2 ~glml 
34% 

28% 

0.5-2 ~g/ml 

38% 
Fig.2b. Distribution of AUC (%) after oralapplicati
on of 100 mg/m2 etoposide (n = 9) 

Table 2. Contribution of various etoposide concentration ranges to the total AUCoo (%) and interpatient-var
iability (CV in brackets) after i.v. and oral therapy respectively; dose normalised to 100 mg/m ; p-values for 
comparison of percentage resulting from t-test and Mann-Whitney Rank Sum Test 

Etoposide Total AUCoo % of AUCoo % of AUCoo % of AUCoo 
100 mg/m2 (flg x h/ml) (>0.5 flg/ml) (>2 flg/ml) (0.5-2 flg/ml) 

i.v. 80 (27%) 86 (3%) 
Oral 42 (40%) 66 (17%) 
p= 0.0002 <0.0001 

were used (7). It could be demonstrated that 
lower etoposide levels correlated with mild
er bone marrow toxicity. Our data suggest 
that oral etoposide is just as reliable as its re
spective i.v. form as regards the achievement 
of therapeutic target concentration ranges. 
The specific target concentrations for the 
therapy of different tumour types remain to 
be identified by clinical studies. 
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Abstract 

Objective. As the treatment of childhood 
acute promyelocytic leukemia (APL) with 
45 mg/m2/day all-trans-retinoic acid (ATRA) 
was associated with rather dramatic side ef
fects in virtually all children, the AML BFM
study group decided to reduce the dosage to 
25 mg/m2/day. Therefore, we started to ex
amine pharmacokinetic and metabolism of 
ATRA in children and adults with APL. 

Patients. Up to now we determined ATRA 
and its active metabolites in plasma of six 
children, who received 17-45 mg/m2/day, 
and two adults, who received 45 mg/m2/day. 

Methods. Plasma samples were obtained fre
quently over a period of 8 h on day one and 
in three children after 4 weeks of ATRA ther
apy. ATRA and metabolites were measured 
in plasma by normal phase high-perfor
mance liquid chromatography with UV-de
tection at 350 nm. 

Results. In children the time, until absorp
tion of ATRA was observed, varied from 
0.75-3 h. Maximal plasma levels were 
reached between 2-3.5 h and ranged from 
3.8-86.23 ng/ml. For low-dose ATRA the 
elimination half-life and AUC were calculat
ed to be 1.0±0.3 hand 88.2±54.2 ng/ml x h 
(mean ± standard deviation). Similar meta
bolic patterns were observed in children and 

adults. However, isomerisation was ob
served to a lesser extent in children receiv
ing low-dose ATRA compared to adults 
treated with 45 mg/m2/day. ATRA is known 
to induce its own metabolism. In two chil
dren the Cmax and AUC values decreased 
over time. However, in the third patient Cmax 

on day 28 was about four times higher com
pared to day one. The elimination half-life 
was reduced on day 28, as in the other pa
tients indicating an induction in ATRA ca
tabolism. This patient received ATRA for 
second remission induction at a reduced 
dosage due to severe side effects during first 
remission induction with ATRA. 

Conclusion. Besides the interpatient vari
ability of ATRA with respect to AUC and 
Cmax levels we also observed great intrapa
tient variations in ATRA bioavailiability, 
which might be related to the incidence of 
side effects in children. Whether ATRA bio
availiability is influenced by chemotherapy 
warrants further investigations in this ongo
ing trial. 

Introduction 

All-trans-retinoic acid (ATRA) induced 
complete remissions in a high portion of pa
tients with acute pro myelocytic leukemia 
(APL) by overcoming the differentiation 
block and inducing differentiation of the leu-
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kemic cells along the granulocytic pathway 
[1]. However, remissions were short and pa
tients were at risk of developing the ATRA
syndrom, a life-threatening side effect, which 
was preceded by an increase in peripheral 
white blood cell count. To overcome ATRA
resistance and to avoid the ATRA-syndrom 
combination with cytoreductive chemother
apyproofed to be effective [2]. 

Though 60 mg/m2 were determined the 
maximal tolerated daily dose in children [3], 
the introduction of ATRA at a dose of 45 
mg/m2 combined with induction chemo
therapy for treatment of APL was associated 
with rather dramatic side effects in virtually 
all children, which necessitated dose reduc
tion or discontinuation of ATRA therapy. 

Since in adults complete remissions were 
also obtained with 25 mg/m2 ATRA [4], the 
AML BFM-study group decided to reduce 
the dose to 25 mg/m2 (low-dose ATRA). 

All-trans-retinoic acid as well as 13-cis
and 9-cis-retinoic acid are important phys
iological regulators, which are generated in 
vivo by oxidation of all-trans-retinol (vita
min A). Retinoic acids take influence on 
gene transcription by interaction with nu
clear receptors, the retinoic acid receptors. 
Retinoic acid effects are controlled by isom
erisation and oxidation. Isomerisation re
sults in retinoic acids with different effects 
due to different receptor affinities. As little is 
known about ATRA metabolism and phar
macokinetics of low-dose ATRA in children 
and about the influence of chemotherapy on 
pharmacokinetic and metabolism of ATRA, 
we started to determine ATRA and metab
olites in children and adults, who received 
ATRA along with chemotherapy for treat
mentofAPL. 

Patients and Methods 

Patients 

Up to now six children (four male and two 
female) were treated with ATRA according 
to the AML-BFM 93 protocol. The age 
ranged from 9 to 18 years with a median of 
14 years. 

Except for one patient the t(15/17) trans
location, which is characteristic for APL, had 
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been detected in blasts of all patients. Be
cause of severe coagulation disorders and 
unplain morphology this patient was first 
supposed to suffer from AML-M3 and, 
therefore, received ATRA treatment at the 
beginning. 

In addition, plasma levels of two adults re
ceiving 45 mg/m2 ATRA for APL treatment 
according to the protocol of the Adult AML 
Cooperative group have been examined. 

ATRA capsules were self-administered 
with meal. In five out of six children the dai
ly dose was applied every 12 hours as recom
mended by the Childhood AML BFM-study 
group, while one child received ATRA once a 
day like the adult patients. 

Informed consent was obtained from all 
patients and parents prior to the pharma
cokinetic studies. 

Pharmacokinetic Studies 

Citrated-blood sampes were collected prior 
to drug administration and at 0.5, 1, 1.5, 2, 
2.5,3,3.5,4,6 and 8 h. Samples were stored at 
4 °C prior to centrifugation. After centrifu
gation (3500 rpm for 4 min at 4 0C) the plas
ma layer was removed and stored at -80 0c. 

Evaluation of pharmacokinetics and me
tabolism were performed on the first day 
and, when possible, repeated after four 
weeks of ATRA therapy. 

Pharmacokinetic parameters were deter
mined by non-compartmental and com
partmental analysis using TOPFIT 2.0. 

HPLCAnalysis 

Since retinoic acids and vitamin A are light
sensitive, blood samples were transported 
wrapped in aluminium foil and all handling 
with plasma samples and reference com
pounds were performed under dim yellow 
light. Plasma samples were extracted and as
sayed for retinoic acids and metabolites by 
HPLC as previously described [5]. In brief, 
retinoids were extracted from 500 ~ plasma 
by liquid-liquid extraction. Separation was 
performed on a silica gel adsorption column 
using a binary multistep gradient. Retinoids 
were detected at 350 nm. This method al-



lowed the separation of all-trans-retinoic 
acid, 13-cis-retinoic acid, 9-cis-retinoic acid, 
their 4-oxo-metabolites and all-trans-retin-
01. The limit of detection was 0.5 ng/ml for 
retinoic acids and 10 ng/ml for all-trans-re
tinol, which allowed determination of en
dogenous retinoic acid concentrations in 
human plasma. 

Results 

Pharmacokinetics of ATRA 

Non-Compartmental Analysis 
The model independent pharmacokinetic 
parameters for each child are summarized 
in Table 1. 

In children there were great interpatient 
variabilities with respect to peak plasma 
concentrations, area under the curve values 
and elimination half-lives. Patient No.5 only 
showed a marginal increase in ATRA plasma 
levels, which might also be contributed to 
endogeneous vitamin A turnover. In adults 
peak plasma levels were determined 61.0 
and 109.9 ng/ml. The elimination half-lives 
(t1l2: 0.7 hand 1.5 h) were in the range of 
those calculated for children. 

In children the time till adsorption of 
ATRA [plasma concentration significantly 
above the physiological range (Table 2)] was 
observed ranged from 0.75 to 3 h. Peak plas
ma concentrations were obtained within 2 to 
3.5 hand occured later on the first day of 
ATRA therapy compared to day 28 during 
induction chemotherapy. 

In all patients examined on day 28 of 
ATRA therapy the elimination half-life de
creased over time. In two of three patients 
ATRA peak plasma levels and Ave values 
were also decreased by 40 to 70% on day 28 
compared to day 1. This was in accordance 
with previous studies, which observed de
creased peak plasma levels and Ave values 
in nearly all patients examined during 
chronic ATRA administration. In patient No. 
4 the peak plasma concentration was raised 
about four times and the Ave value was in
creased about 70% compared to the first day 
of ATRA therapy, which had not been re
ported from previous studies [3,6,7,8]. 

Compartmental Analysis 
After neglecting of endogenous and slowly 
increasing ATRA concentrations by defining 
lag-times between 0.5 and 3 h the plasma 
concentration-time curves of ATRA in chil-

Table 1. Individual pharmacokinetic parameters determined by model independent analysis 

No. of Dose Cmax (ng/ml) tmax (h) AUC (nglmllh) tl/2 (h) 
(IDf!Im 2) patients day 1 day 28 day 1 day 28 day 1 day 28 day 1 day 28 

1 12.8 68.2 20.7 3 2 207.5 61.0 1.4 1.2 
2 13 26.4 13.1 3.5 2 65.9 39.6 1.2 0.9 
3 12.5 44.2 2 97.1 0.9 
4 17.9 20.5 86.2 3 2 72.8 126.7 0.7 0.4 
5 15.4 3.8 2 26.3 1.3 
6 20.7 54.8 2.5 99.2 0.6 

Table 2. Pretreatment retinoic acid concentrations (Mean ± SD) in plasma of children with APL compared to 
endogenous retinoic acid concentration in plasma of healthy children 

13-cis-retinoic acid 
13-cis-4-oxo-retinoic acid 
all- trans-retinoic acid 
all- trans-4-oxo-retinoic acid 

a The data from healthy children were derived from [9]. 

Plasma concentration (ng/ml) 

Children with APL 
(n=5) 

1.26 ± 0.60 
0.74 ± 1.01 
1.02 ± 1.00 

Healthy children 
(n = 27)a 

0.97 ± 0.31 
2.22 ± 1.82 
1.07 ± 1.82 
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Fig. 1. Plasma concentration-time curves of ATRA and metabolites on day 1 after ingestion of A 12.8 mg/m2 
ATRA in a child - B 47.6 mg/m2 ATRA in an adult, ......... 13-cis-retinoic acid; -e- 9-cis-retinoic acid; ___ all-
trans-retinoic acid (ATRA); -8- all-trans-4-oxo-retinoic acid; ---A- 13-cis-4-oxo-retinoic acid; ~ all-trans
retinol (Vitamin A) 

dren fitted to a one compartment model, 
which well described the terminal adsorp
tion and the elimination phase (r2 > 0.96). 
Secondary peaks were observed in patient 
No.4 and in patient No.5 on day one of 
ATRA therapy, which made model depen
dent pharmacokinetic analysis impossible. 

In children with respect to AUC values 
and elimiation half-lives the results from 
one-compartimental analysis were in good 
correlation with the results from non-com
partimental analysis (p < 0.05, Pearson Cor
relation). 

Metabolism 

Plasma concentration-time curves of ATRA 
and metabolites determined in two patients 
after ingestion of different dosages are de
picted in Fig. 1. So far in adults and children 
the same metabolic pathways were ob
served. All- trans-4-oxo-retinoic acid was the 
main metabolite of ATRA detected in chil
dren and adults. Peak plasma concentra
tions of this metabolite occured concomi
tantly with ATRA and accounted for up to 
10% of the parent drug in children as well as 
adults (Fig. 1). As previously reported for 
adults there was no increase in all- trans-4-
oxo-retinoic acid concentrations in children 
on day 28 of ATRA-therapy [8]. 13-cis-reti
noic acid plasma levels increased about 1.5 
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to 7 times compared to pretreatment levels 
in adults and children. In addition, together 
with secondary ATRA peak plasma levels 
the 13-cis-retinoic acid concentration in
creased in plasma. 9-cis-retinoic acid was 
detected more often in adults, treated with 
45mg/m2 as a single dose, compared to chil
dren, treated with 17 to 45 mg/m2 divided in 
two doses (Fig. 1). After ingestion of ATRA 
13-cis-4-oxo-retinoic acid increased in plas
ma, however, in contrast to all-trans-4-oxo
retinoic acid the increase of 13-cis-4-oxo
retinoic acid was delayed (Fig. 1). So far, no 
9-cis-4-oxo-retinoic acid had been detected 
in children and adults during ATRA therapy. 

Endogenous Retinoid Concentrations 

Up to now there seemed to be no difference 
between the endogenous retinoic acid con
centrations determined in children with 
APL and those determined in healthy chil
dren [9] (Table 2). 

Vitamin A levels were in the normal 
reange 100-1000 ng/ml [10]. The application 
of ATRA had no influence on all-trans-retin-
01 levels during the 8 hours examined. How
ever, comparing the all-trans-retinollevels, 
determined on day one with those deter
mined on day 28 during induction chemo
therapy, they clearly decreased in the pa
tients examined (Table 3). 



Table3.All-trans-retinol plasma levels (mean ± stan
dard deviation) determined in children on day 1 and 
on day 28 during ATRA and induction chemothera
py 

No. of 
patients 

1 
2 
4 

Discussion 

all- trans-retinol 
concentration (ng/ml) 

Day 1 

619±38.9 
389 ± 47.7 
238 ± 21.4 

Day 28 

482 ± 32.6 
288 ± 26.3 
120 ± 9.2 

On account of the sensivity and the numer
ous metabolites determined by the employed 
method several aspects of ATRA pharmacol
ogy had been examined in the present study. 

So far the most striking observation was 
the intrapatient variability in ATRA bioavai
liability, which resulted in one patient in a 
fourfold increase in the ATRA peak plasma 
level together with an increase of the AVC 
value of about 70% on day 28 of ATRA-ther
apy. This patient received ATRA for second 
remission induction at a reduced dosage due 
to severe side effects during first remission 
induction with ATRA. 

Chronic administration of ATRA had 
been reported to result in decreased peak 
plasma levels and AVC values in nearly all 
patients examined [3,6-8], which had been 
caused by increased catabolism rather than 
by reduced bioavailibilty, because it could be 
reverted by coadministration of cyto
chrome P450 inhibitors, like ketoconazol 
[7]. ATRA is a potent regulator of a number 
of physiological processes. Autoinduction of 
metabolizing enzymes is, therefore, an im
portant regulatory mechanism to overcome 
increased exposure to this potent drug. 

Variations in ATRA bioavailiability as ob
served in our study, might explain for the in
creased incidence of side effects observed by 
the Childhood BFM-study group. Whether 
bioavailiability of ATRA is influenced by the 
applied chemotherapy warrants further in
vestigation in this ongoing trial. 
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Abstract 

Purpose. Drug sensitivity testing, in this in
stance of asparaginase (ASNase), is a major 
tool in developing target therapy concepts. 
It is generally assumed that the in vitro 
drug concentration and the culture medi
um do not change within the incubation 
time. We propose unphysiological altera
tion of the culture medium since enzyme 
products may accumulate whereas sub
strates may decline. ASNase catabolizes 
asparagine to aspartic acid. Besides, the in
herent glutaminase activity, which is of mi
nor importance in vivo, results in the de
samination of glutamine to glutamic acid 
and ammonia. We addressed the question 
of a dose-response relationship between 
the ASNase activity and related substrates 
and products in vitro. 

Methods. At various concentrations of AS
Nase, the enzyme activity, asparagine, 
aspartic acid, glutamine, and glutamic acid 
were measured by HPLC for 24 h, and the 
ammonia release was photometrically de
termined (n=4). The area under data of the 
concentration versus time curve (AUD) of 
substrates and products of ASNase (0-24 h) 
was related to rising levels of ASNase. 

Results. Without ASNase, all parameters re
mained constant. At a concentration of 2 
lUll ASNase the medium appeared aspara
gine-depleted within 4 h. At concentrations 

of200 lU/l or more of ASNase glutamic acid 
and ammonia increased. 

Conclusion. The dose-response relationship 
between ASNase and the related substrates 
and products is more pronounced than the 
ASNase-associated changes in the aspara
gine level. In vitro changes in the amino acid 
pattern are not representative of the in vivo 
situation. The contribution to cytotoxicity of 
various changes in vitro remains unclear. An 
evaluation of the mechanism of ASNase cy
totoxicity in vitro based on a specified ami
no acid composition of the medium is need
ed. Current results of drug sensitivity testing 
involving ASNase should be interpreted with 
caution since a number of artificial changes 
occur in the cell culture system. 

Introduction 

Drug sensitivity testing of established cell 
lines and of patient samples is a major tool in 
the preclinical testing of chemotherapeu
tics. Target therapy concepts have been de
veloped from results of drug resistance test
ing using various in vitro assay systems like 
MTT,DiSC or clonogenic assays [1,2,3]. The 
ability to predict the sensitivity of an 
individual's leukemia cells to the cytotoxic 
effect of, e.g., asparaginase (ASNase) by in 
vitro assays is a fascinating concept and ap
proach to identify those children who might 
benefit from such therapy. 

Department of Pediatric Oncology, University of Munster, Germany 
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Regarding in vitro assay systems, it is gen
erally assumed that the drug concentration 
and the composition of the culture medium 
do not alter significantly within the incuba
tion time. 

When testing active enzymes like ASNase, 
however, one should be aware that enzyme 
products may accumulate because they are 
not metabolized in vitro. The depletion of 
enzyme substrates may be more pro
nounced in vitro than in vivo, as the lack is 
not counterbalanced by biosynthesis, e.g., of 
the liver. 

ASNase catabolizes asparagine to aspartic 
acid. The lack of externally available aspara
gine causes apoptotic death, especially in 
malignant lymphoblastic cells. Besides, the 
inherent glutaminase activity results in de
samination of glutamine to glutamic acid 
and ammonia. This phenomenon is of mi
nor importance in vivo. 

In order to clarify the extent of changes in 
the amino acid pattern of the culture medi
um, we investigated the dose-response rela
tionship between the ASNase activity and 
changes in related substrates and products 
in vitro. 

Material and Methods 

Drugs and Reagents 

ASNase pharmaceutically graded as E. coli 
enzyme (Medac GmbH, Hamburg, Germa
ny), RPMI-1640 medium and fetal calf ser
um were obtained from Gibco, BRL (Mary
land, USA), HPLC reagents O-phthaldialde
hyde, eluant buffers, regenerant buffers, sul
fosalicylic acid, and ammonium sulfate as 
reference substance were purchased from 
Merck (Darmstadt, Germany), acetic acid 
and ethanol from Baker Chemicals (Heidel
berg, Germany), and amino acid standards 
from Sigma Chemical Co. (St. Louis, USA). 

Analytical Methods 

ASNase was measured by Photometer No
vaspec II (Pharmacia LKB, Sweden). Con
centrations of asparagine, aspartic acid, glu
tamine and glutamic acid were determined 

by RP-HPLC-System (Bromma LKB, Swe
den). The ammonia release was measured 
photometrically. Further details of the AS
Nase assay were published elsewhere [4]. 

Incubation Methods 

RPMI 1640 medium containing 2 mM gluta
mine and 9% FCS was incubated (at 37°C in 
100% humidity, 24 hours) with various con
centrations of ASNase (0, 2, 200, 2000 and 
10,000 U II, n=4). The enzyme activity, aspar
agine, aspartic acid, glutamine, glutamic 
acid, and ammonia were determined at 1, 4 
and 24 h of incubation. 

Pharmacokinetics 

Pharmacokinetics, i.e. the area under data of 
the concentration versus time curve (0-24 
h), were calculated by TOP FIT version 2.0, a 
pharmacokinetic and pharmacodynamic 
data analysis system for the Pc. [5] The AUD 
of ASNase substrates and products was re
lated to rising levels of the enzyme. 

Results 

Effects After Incubation Without and with Low 
Concentrations of ASNase(O-21UII) 

Without the addition of ASNase, the amino 
acid profile remained stable throughout the 
incubation time. At a low concentration of 2 
lUll ASNase, which is ineffective in vivo, the 
medium appeared asparagine depleted 
within 4 h. Correspondingly higher levels of 
aspartic acid were detectable, but the effect 
on the glutamine-glutamic acid system was 
still weak. At that time the rise in the concen
tration of ammonia was also still limited. 

Effects After Incubation with Higher Concentrations 
of ASNase(200-10000 lU!ml) 

At higher concentrations of ASNase (> 200 
lUll) the depletion from asparagine was 
complete within 1 h. Glutamine was desami
nated to glutamic acid and ammonia (see 
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Table 1. Concentrations [IlM/L] of substrates (light columns) and products (dark columns) of ASNase at dif-
ferent time points related to different concentrations of ASNase (n=4) 

Time ASNase Asparagine Aspartic acid Glutamine Glutamic acid Ammonia 
(h) lUll IlM/I IlM/I 

0 0 294 145 
1 0 335 154 

2 273 198 
200 0.44 446 
2000 < 0.1" 483 
10000 < 0.1" 492 

4 0 304 149 
2 89 380 
200 < 0.1" 476 
2000 < 0.1" 483 
10000 < 0.1" 557 

24 0 286 162 
2 0.24 414 
200 < 0.1 463 
2000 < 0.1 434 
10000 < 0.1 444 

"Under limit of detection « O.lIlM/I). 

Table 1). At 200-2000 lUll ASNase glutamic 
acid and ammonia increased exponentially, 
whereas glutamine decreased and aspara
gine and aspartic acid remained constant. 

After a 4 h incubation time with 10 000 
lUll of ASNase the medium was nearly gluta
mine depleted, with the level of glutamic 
acid rising high (AUDo_24 h > 30 mM x h/l) 
and a subsequent dramatic increase of am
monia (AUDo_24h > 50 mM x h/l). 

By contrast, the in vitro effect of ASNase 
on the concentration-time curve of aspara
gine appeared to be nearly independent of 
the applied concentrations of ASNase. 

Discussion 

Dose-Response Relationship 

In vitro changes in the amino acid pattern 
of the medium exceed the asparagine deple
tion. The dose-response relationship 
between the ASNase activity and related 
substrates and products is more pro
nounced than the ASNase-associated 
changes in the asparagine level. High and 
possibly toxic levels of ASNase products like 
glutamic acid and ammonia are even 
reached at low concentrations of ASNase. 
Our observation that the asparagine in the 
culture medium was already markedly di-
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IlM/I IlM/I IlM/I 

1466 183 484 
1494 194 452 
1511 199 517 
l393 222 769 
1251 491 1086 
458 1226 2086 
1498 191 525 
1554 200 780 
1370 419 1019 
384 1285 2171 
2.25 1475 2437 
1414 194 699 
1295 189 975 
452 1265 1983 
2.2 1569 2570 
< 0.1" 1579 2486 

minished by adding low concentrations of 
ASNase is consistent with the findings of 
other investigators [6]. 

Impact on in Vitro Assay Systems 

Drug sensitivity assays of children's leu
kemic cells and normal lymphocytes from 
peripheral blood using the MTT assay usu
ally involve ASNase concentrations of 3-
10000 U II. The Leso for peripheral leukemic 
cells was reported to be about 200 UII, and 
about 360 UII for bone marrow cells [7].Ac
cording to our results, the area under data 
curves (0-24 h) of ammonia and glutamic 
acid at this dosage show an exponential in
crease. The level of aspartic acid rises con
tinuously up to 200 UII ASNase and after 
complete asparagine depletion reaches a 
plateau due to the unavailability of aspara
gine. 

Such effects depend on the amino acid 
composition of the medium. The level of 
products like glutamic acid and ammonia is 
directly dependent on the content of gluta
mine in the medium. 

The increase of ammonia corresponds to 
the equimolar conversion of glutamine and 
asparagine, even at higher ASNase concen
trations and after 24 h of incubation time 
(Fig. 3). 
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Fig.l. AUDs (area under the data of the concentrations-time curve, 0-24 h) of the ASNase substrates aspara
gine and glutamine and products aspartic acid, glutamic acid, and ammonia (mM x hll) after incubation 
with rising levels of ASNase (0-10000 lU/l).AUD was calculated by using the linear trapezoidal rule 
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Fig. 2. Comparison of the AS
Nase product ammonia (dark 
columns) and the amount of 
equimolar conversion of the 
ASNase substrates glutamine + 
asparagine (light columns) at 
2000 lUll ASNase within the in
cubation time (n=4). The rising 
levels of ammonia are almost 
entirely explained by the de
samination activity of ASNase 

In Vitro-in Vivo Comparison 
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Continued high levels of glutamic acid are of 
minor impact in vivo [4]. The products glu
tamic acid and ammonia are detoxified in 
VIVO. 

In vitro a lack of substrates, namely gluta
mine, occurs. The extent of the glutamine 
decrease probably exceeds the decrease seen 
in patients, regardless of the ASNase dose, as 
the degradation of glutamine is largely 
counterbalanced by the glutamine synthe
tase of the liver [8]. In vitro changes in the 
amino acid pattern are not representative of 

1 4 24 

incubation time [hl 

the in vivo situation. Hence, the contribution 
to cytotoxicity of various changes in vitro 
remains unclear. 

Additional Cytotoxic Effect of Unphysiological 
Alterations in Vitro? 

Asselin and coworkers developed techniques 
to measure the in vitro and in vivo cell killing 
ability of ASNase and have recently suggest
ed that the in vitro sensitivity of a patient's 
lymphoblasts to ASNase may correlate with 
the patient's short term outcome [6]. 
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A dose-related response, howevet:, was not 
confirmed by clinical trials. Between 1 and 
100 IU/I ASNase the in vitro killing of leu
kemic cells was independent of the concen
tration. At 1000 IU/I (and complete aspara
gine depletion) there was a slight increase in 
cytotoxic activity measured by the MTT-as
say, which suggests that there may be an ad
ditional in vitro mechanism of cell killing. 
Neither glutamine nor glutamic acid, aspar
tic acid or ammonia were determined in 
these studies. The additional cytotoxic effect 
may be due to the unphysiological pattern of 
substrates and products of ASNase. 

Conclusion 

The phenomenon of asparagine depletion is 
of minor importance whereas changes in the 
media due to different ASNase concentra
tions are dramatic. Asparagine depletion 
seems to be only one parameter of ASNase 
toxicity in vitro. The pharmacological effect 
of ASNase in vitro may be influenced by var
ious factors due to the unphysiological alter
ations in the culture medium. 

Hence, the most important question aris
ing from our results concerns the signifi
cance of such unphysiological alterations of 
the culture medium in respect to the cyto
toxic effect of ASNase in vitro. 

The evaluation of the mechanism of AS
Nase cytotoxicity in vitro based on a speci
fied amino acid composition of the medium 
is needed. Reducing the available substrates 
for ASNase may cause a reduction of poten
tially cytotoxic products. A better under
standing of the role of asparagine depletion 
as well as the pharmacological effect of AS
Nase in vivo is essential. At this time, results 
of in vitro cytotoxicity assays involving AS
Nase may be helpful in defining the biologi
cal responsiveness to ASNase, but should be 
interpreted with caution and should not im
mediately lead to clinical decisions. 
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Abstract. Cytarabine (ara-C) is an effective 
agent for therapy of acute myelogenous leu
kemia (AML).Ara-C is phosphorylated to its 
triphosphate (ara-CTP) which acts as a cyto
toxic metabolite. Strong correlations have 
been observed between ara-CTP accumula
tion and elimination, and response to ara-C 
therapy for patients with acute myelogenous 
leukemia (AML), suggesting a need to in
crease intracellular levels of ara-CTP. Previ
ously we have demonstrated that adminis
tration of fludarabine prior to intermittent 
infusion of ara-C augments the levels of ara
CTP in the circulating blasts. As an alterna
tive schedule, ara-C could be administered 
as a continuous infusion (CI) with fludara
bine as a modulator. To model c.r. ara-C dur
ing in vitro studies, K562 human leukemia 
cells were incubated with 1 flM ara-C for 4 
hours to reach steady-state levels of ara-CTP 
(ara-CTPss). At this time, the cultures were 
split in two and in one 15 flM fludarabine 
was added. The analysis of ara-CTP accumu
lation in these cells demonstrated that the 
ara-CTPss were augmented 2-3-fold by in
cubating cells with fludarabine. Similar in 
vitro studies in primary leukemia cells from 
patients with AML confirmed the effective
ness of such a combination. The clinical pro
tocol designed based on these results stipu
lated a 1.5 g/m2/d c.r. of ara-C. At 5 h, when 
the ara-CTP reached a steady-state, fludara
bine (30 mg/m2) was infused. To achieve a 
high concentration of plasma fludarabine, 

the infusion duration was reduced to 5 min 
instead of the standard 30 min administra
tion. Subsequently, to further increase plas
ma fludarabine and cellular fludarabine tri
phosphate, the infusion duration of fludara
bine was shortened to 1 min. This strategy 
was followed by increasing the dose of flu
darabine to 50 mg/m2. Of a total of 15 evalu
able patients, 10 who achieved 2: 10 flM 
intracellular fludarabine triphosphate in
creased ara-CTPss by a median of 45%. In 
contrast, only 1 of the 5 patients who failed 
to accumulate 10 flM fludarabine triphos
phate in blasts was able to augment ara
CTPss (p = < 0.004, Fisher exact test). Of the 
24 evaluable patients with relapsed AML, 8 
achieved complete remission. Based on the 
prognostic criteria, the 33% overall re
sponse rate represents an improvement in 
the clinical outcome in these patients. In 
conclusion, these studies demonstrate that 
fludarabine successfully modulates ara-CTP 
accumulation in circulating blasts during CI 
or intermittent infusion of ara-C, and this 
improves clinical responses. 

Introduction 

Ara-CTP as a Cytotoxic Metabolite 

The clinical efficacy of cytarabine (ara-C) in 
the therapy of patients with acute myeloge
nous leukemia (AML) was first demonstrat-

1 Department of Clinical Investigationl and 2 Department of Hematology, University of Texas M.D. Ander
son Cancer Center, Houston, Texas 77030, USA 
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ed more than 25 years ago [1]. Although 
many drugs and biologicals have been eval
uated since that time, it remains one of the 
most effective chemotherapeutic agents in 
use against hematologic malignancies [2-5]. 
For this reason, novel strategies are still 
sought to optimize the use of cytarabine, 
particularly in combinations with other ef
fective agents. For ara-C to exert its cytotox
icity, it must first be phosphorylated intra
cellularly by the rate-limiting enzyme dCyd 
kinase and subsequently to its 5' -triphos
phate, ara-CTP [6, 7]. Ara-CTP then com
petes with dCTP for incorporation into DNA 
[8]. Numerous in vitro studies have demon
strated that the amount of ara-CMP (ara-C 
monophosphate) incorporated into cellular 
DNA is a predictor ofloss of clonogenicity in 
human leukemia cells [9-11]. Although tech
nically possible [12], it is extremely difficult 
to reliably and reproducibly measure the in
corporation of ara-CMP into the DNA of cir
culating human leukemic myeloblasts dur
ing therapy. Thus, alternative predictors of 
the clinical cytotoxic effect of ara-C have 
been sought. 

In the in vitro setting, the major determi
nant of ara-CMP incorporation into DNA 
was found to be the product of the intracel
lular ara-CTP concentration and time [11]. 
This observation has been confirmed in pa
tients in vivo where statistically significant 
correlations have been demonstrated 
between the intracellular pharmacokinetics 
of ara-CTP and clinical response to single
agent high-dose ara-C therapy given either 
on an intermittent schedule [13, 14] or by 
continuous infusion [15]. Similarly, very low 
incorporation of ara-C into DNA in vitro 
was predictive of an adverse outcome with 
subsequent ara-C-based therapy in vivo 
[16]. 

Biochemical Modulation of Intermittent Infusion 
ofara-( 

Based on the studies demonstrating the im
portance of ara-CTP formation and reten
tion on treatment outcome [13-15], our la
boratory [17, 18], and others [19] have inves
tigated potential means to favorably mod
ulate ara-CTP metabolism. One of the most 
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promising methods of biochemical modula
tion identified was the capacity of pretreat
ment with 2-fluoro-arabinosyladenine 
(F-ara-A) to enhance the rate of ara-CTP ac
cumulation in a human leukemia cell line 
[20] when ara-C concentration in the medi
um was 10 flM, the level at which the rate of 
accumulation of ara-CTP is saturated. Me
chanistic studies suggested that the major 
mechanism by which F-ara-A augments the 
intracellular anabolism of ara-C to ara-CTP 
is through an enhanced rate of ara-CTP ac
cumulation [20, 21] due to both a direct 
stimulatory effect of F-ara-A triphosphate 
(TP) on dCyd kinase and indirectly through 
reduced concentrations of dCTP, which 
feed-back inhibits the activity of dCyd ki
nase. Subsequent studies extended this ob
servation during investigations in circulat
ing human leukemia cells obtained from pa
tients and incubated in vitro with F-ara-A 
followed by ara-C [22]. Similarly the leu
kemic lymphocytes obtained from patients 
with chronic lymphocytic leukemia (CLL) 
receiving fludarabine therapy achieved 
higher levels of ara-CTP when incubated in 
vitro with ara-C compared to cells obtained 
from same patients prior to therapy. Clinical 
trials with the fludarabine and intermedi
ate-dose ara-C combination have demon
strated the effectiveness of this strategy in 
modulating ara-CTP accumulation during 
therapy in circulating AML blasts (21), 
chronic lymphocytic leukemia lymphocytes 
[23], or leukemic lymphoblasts [24] where 
F-ara-A is administered as a more soluble 
form, fludarabine (the monophosphate of 
F-ara-A). 

These studies of ara-C modulation by 
F-ara-A or fludarabine were carried out at 
concentrations of ara-C (10 flM or above) 
that saturate the rate of ara-CTP formation 
in human leukemia cells in vitro and during 
therapy [25]. This concentration of ara-C 
can easily be attained or exceeded in vivo 
with intermittent high-dose or intermediate 
dose ara -C therapy [25,26]. However serum 
concentrations of ara-C are generally less 
than 10 flM when maximally tolerated con
tinuous infusion schedules are administered 
[27]. Continuous infusion schedules of sin
gle-agent ara-C have been extensively used 
for treatment of acute leukemias [28-30] and 



have demonstrated clinical efficacy in previ
ously untreated AML [31]. Thus the present 
study aimed to explore the capacity of 
F-ara-A to modulate the metabolism of 
ara-C at concentrations below 10 11M initial
ly in a cell line model system, followed by in 
vitro incubations in leukemia blasts ob
tained from patients with AML. The results 
provided a rational basis for the clinical ap
plication of bolus fludarabine together with 
continuous infusion ara-C in the treatment 
of patients with relapsed and refractory 
AML. 

Results and Discussion 

Continuous Infusion of ara-C as a Single Agent 

As indicated by experimental [32] and clini
cal [17,33,34] studies, the extent and dura
tion of inhibition of DNA synthesis in leuke
mia cells during therapy is critically depen
dent upon the cellular concentration of ara
CTP. Cellular levels of ara-CTP fluctuate as 
much as 100-fold during intermittent infu
sions of high-dose and intermediate-dose 
ara-C because of large changes in plasma 
ara-C inherent to these infusion schedules. 
Leukemia cells that are unable to retain in
hibitory ara-CTP concentrations recover 
DNA synthesis, which is associated with the 
failure to respond [33, 34]. Our initial 
approach to maintaining high levels of ara
CTP in the circulating blasts during inter
mittent infusion was to add a biochemical 
modulator of ara-C metabolism to increase 
the peak ara-CTP levels. By virtue of the in
creased accumulation of ara-CTP, the criti
cal inhibitory concentration of the triphos
phate was maintained longer in the cells, al
though it was eliminated at the same rate as 
single agent ara-C [21]. As an alternative 
strategy, ara-C could be administered as rel
atively high-dose continuous infusions. Our 
studies demonstrated that ara-CTPss in leu
kemia blasts is a function of ara-C concen
trations in plasma, and that the ara-CTPss 

concentration is proportional to the ara-C 
dose rate within the dose range of 500 to 
3000 mg/m2/day (27). After a minimum of 5 
years of follow-up after therapy, treatment of 
previously untreated adult AML with con-

tinuous infusion high-dose ara-C (1500 
mg/m2/day X 4 days) has demonstrated that 
long-term survival after single agent ara-C 
administered in this fashion is equivalent to 
that of patients treated with our best previ
ous therapies, namely lower infusion rates of 
ara-C in combination with either anthracy
clines or amsacrine [31]. Furthermore, there 
was a strong correlation between remission 
induction and steady-state concentrations 
of ara-CTP in leukemia blasts [15]. In con
trast to intermittent infusions of ara-C at 
intermediate (10 to 15 11M) or high doses 
(30-100 11M) which saturate the rate of ara
CTP accumulation [25,35], high-dose con
tinuous infusion (CI) ara-C achieves only 1 
to 3 11M ara-C in plasma [27], and thereby 
signals the opportunity to use a modulation 
strategy to increase steady-state ara-CTP 
levels. 

K562 as a Model System for Combination of CI ara-C 
with Fludarabine 

Using K562 as a model system for AML, we 
planned to modulate ara-CTP accumula
tion, when the steady-state ara-C is 111M. 
With this approach, we hypothesize that due 
to modulation, the level of ara-CTP in the 
leukemia cells would be high compared to 
single agent ara-C, and that these levels 
would be maintained due to continuous ex
posure to ara-C [36]. Hence, it could be ex
pected that these maintained ara-CTP intra
cellular levels would increase the extent and 
duration of DNA synthesis inhibition in the 
leukemia cells. 

Our initial experiments in K562 cells sug
gested that 50 11M intracellular fludarabine 
triphosphate (physiologically achieved in 
circulating leukemia blasts during fludara
bine therapy, [21]), increased ara-CTP accu
mulation by 2-fold when ara-C was given at 
different doses (Fig. 1). Therefore, it appears 
that increse in cellular ara-CTP could be 
achieved at different concentrations of ara
C, for example at 10 11M ara-C (which would 
represent plasma concentration at interme
diate dose ara-C), metabolism is modulated 
to same extent as 1 or 3 11M exogenous ara-C 
(which would represent concentrations 
achieved with high-dose continuous infu-
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sion of ara-C). Hence, these data suggested 
that fludarabine may be combined with con
tinuous infusion schedule of ara-C to 
achieve higher steady-state levels of ara
CTP. To mimic a clinical trial combining CI 
ara-C with fludarabine, we used K562 cells 
and incubated with 1 11M ara -C for 10 h. At 3 
h, the culture was divided into 2; one re
ceived 30 11M F-ara-A while other was left 
without any new additions. The culture con
taining F-ara-A accumulated ara-CTP at 
twice the rate as that with ara-C alone. This 
resulted in increased intracellular ara-CTP 
concentrations which were maintained dur
ing the duration of ara-C incubation (Fig. 2). 
Additional in vitro studies are proposed 
herein to establish a comprehensive back
ground for the design of a clinical trial. 

In Vitro Combination of Fludarabine and CI ara-C 
in Primary AML Cells 

As described earlier, the studies using the 
K562 cell line suggested that fludarabine in
fusion modulates the metabolism of ara
CTP when ara-C is present at low concen
tration (I 11M) for long durations, thus 
mimicking a continuous infusion schedule. 
These studies were extended to AML blasts 
to demonstrate the role of fludarabine on 
ara-CTP pharmacokinetics. Peripheral leu
kemia blasts from patients with AML or 
chronic myelogenous leukemia in blast cri
sis (CML-BC) were isolated and incubated 
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Fig. 1. Influence of F-ara-A 
preincubations on ara-CTP 
accumulation at different 
concentrations of ara-C in 
K562 cells. Parallel cultures 
of cells were incubated with 
no drug or 30 flM F-ara-A 
for 3 h, washed and then in
cubated with indicated con
centrations of [3H]ara-C 
for an additional 3 h. Nude
otides were extracted and 
separated by HPLC. Data 
points are mean ± SEM of 
duplicate determinations 
from 3 to 6 experiments 
[36] 

with 1 11M ara-C for 10 h. At 5 h, cultures 
were divided into two; one was left with ara
C alone while 15 11M F-ara-A was added to 
the second culture. The duration of incuba
tion, and concentration of ara-C were se
lected to represent CI ara-C. To maintain 
the steady-state levels of ara-C at 111M, tet
rahydrouridine at 50 11M was added to the 
cultures to inhibit deamination. The phar
macokinetic studies, as illustrated in Fig. 3, 
demonstrated that ara-CTP accumulation 
reached a steady-state level by 4 h, and re
mained at this level throughout the incuba
tion time with ara-C. In contrast, the blasts 
co-incubated with F-ara-A, accumulated 
ara-CTP at a 5-fold increased rate which in 
many cases did not reach a steady-state lev
el during the 5 h incubation time. Similar 
results were obtained in leukemia blasts 
from 6 patients. These results demonstrated 
that biochemical modulation of ara-CTP 
accumulation was feasible in leukemia 
blasts during continuous infusion of ara-C. 
The caveat for the study design was the con
centration of F-ara-A (IS 11M). From our 
previous studies in AML patients, we know 
that peak plasma F-ara-A levels during 
standard dose fludarabine (30 mg/m2 over 
30 min) are 3 11M [36]. Moreover, the com
peting concentration of ara-C in plasma 
[20], and the affinity of deoxycytidine ki
nase for these substrates would result in a 
low rate of phosphorylation of F-ara-A 
[37]. To ameliorate this problem, higher 
plasma F-ara-A is needed, which may be 
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Fig. 3. Influence of F-ara-A 
addition on ara-CTPss ac
cumulation in leukemic 
blasts obtained from pa
tient with AML. Cells were 
continuously exposed to 
1 flM [3H]ara-C. Samples 
were taken every hour for 
3 h, and then cultures were 
split into 2 portions. F-ara
A at 15 flM was added in one 
culture. Cells were then tak
en every h up to 10 h from 
each culture and ara-CTP 
accumulation was quanti
tated 
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achieved by reducing the infusion duration 
of fludarabine. 

Fludarabine and CI ara-C, During Therapy 

Based on the results obtained during in vitro 
experiments, a protocol was designed to ad
minister ara-C at 1.5 g/m2/d byCI.At 5 h,af
ter ara-CTP had reached a steady-state level, 
fludarabine (30 mg/m2) was infused. To 
achieve high plasma levels of F-ara-A, infu
sion duration of fludarabine was reduced to 
5-min instead of a standard 30 min adminis
tration. Pharmacokinetic studies in the first 
ten patients demonstrated that peripheral 

• • 

6 7 8 9 10 

Hours 

leukemia blasts from 6 patients increased 
ara-CTPss• The circulating leukemia blasts 
from these patients accumulated 10 11M or 
higher cellular F-ara-ATP suggesting that 
this concentration is needed to modulate 
ara-CTP accumulation. Because the median 
F-ara-ATP peak concentration was 10 11M in 
these patients, it would be expected that half 
of the patients will not benefit from 
fludarabine's effect on ara-CTP metabolism. 
Indeed,4 patients whose blasts accumulated 
less than 10 11M F-ara-ATP had similar ara
CTP 5S before and after fludarabine infusion. 
To achieve higher F-ara -ATP during this reg
imen' the infusion duration of fludarabine 
was shortened to 1 min in 3 patients. This 
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strategy was followed by increasing the dose 
of fludarabine to 50 mg/m2• Cellular phar
macology of F-ara-ATP in these patients 
suggested an advantage of shorter duration 
and higher dose of fludarabine infusion; the 
median was 12 f1M with 30 mg/m2 over a 1-
min infusion and 20 f1M when 50 mg/m2 was 
infused over 1 min. Assuming 10 f1M as the 
cut-point for the effectiveness of F-ara-ATP 
modulation, of the 15 evaluable patients all 
10 who achieved 10 f1M F-ara-ATP or more 
increased cellular ara-CTPss by more than 
20% (median 45%). In contrast, only 1 of the 
5 patients who failed to accumulate 10 f1M F
ara-ATP in blasts was able to increase ara
CTPss by 20% (p = <0.004, Fisher exact test). 
Thus, we conclude that the pharmacokinet
ics during this regimen illustrated that ara
CTPss in leukemia blasts achieved during CI 
ara-C administration is increased by fludar
abine infusion, and this augmentation is de
pendent on the intracellular F-ara-ATP con
centration. 

Conclusion 

Our previous and present investigations 
have demonstrated that fludarabine could 
be used as a modulator of intracellular ara
CTP pharmacokinetics in human leukemia 
cells when ara-C is given as either intermit
tent infusions at intermediate doses or as a 
continuous infusion. Hence, the biochemical 
modulation of ara-CTP accumulation by flu
darabine is not dependent on the dose of 
ara-C, rather on the accumulation of fludar
abine triphosphate which mediates this 
change in ara-CTP metabolism. Because it 
has been previously established that clinical 
responses to ara-C therapy are related to 
ara-CTP accumulation and retention, the 
combination of fludarabine with ara-C 
(with or without growth factor, [39]) is ex
pected to improve clinical responses for pa
tientswithAML [40,41]. 
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Response of AML Blasts to Ara-C: Role of BCL -2 in the Regulation of 
Drug Sensitivity 

E. A. MCCULLOCH, D. W. HEDLEY, and M.D. MINDEN 

Abstract. The sensitivity of AML blast stem 
cells exposed to ara-C in culture is altered by 
such growth regulators as retinoic acid 
(ATRA), hydrocortisone (HC) and growth 
factors (regulated drug sensitivity or RDS). 
ATRA and G-CSF usually sensitize cells to 
drug, while GM-CSF and HC are protective. 
We have shown that the lethal effects of ara-C 
are mediated in part by the production of re
active oxygen intermediates(ROI). We have 
proposed that bcl-2 acts after the formation 
of ROI to influence whether cells recover or 
go to apoptosis; and that regulators influence 
the ara-C sensitivity by changing the activity 
ofbcl-2. ATRA decreases bcl-2 translation as 
seen by northern blot and decreases the 
stability ofbcl-2 protein, as determined from 
the half-life of protein labelled with S35 -me
thionine. HC has no effect on transcription 
but increases protein stability. These find
ings are compatible with the opposite effects 
of ATRA and HC on ara-C sensitivity. Growth 
factors do not change either bcl-2 transcrip
tion or the sensitivity of the protein. Factor 
responsive blasts were grown in G-CSF; the 
G-CSF/GM-CSF fusion protein pIXY was 
added for 24 h, and then the cells returned to 
G-CSF. Exposure to pIXY doubled bcl-2 pro
tein synthesis as measured by incorporation 
of S35-methionine (I h pulse exposure). We 
conclude that multiple mechanisms exist for 
the regulation of bcl-2, including transla
tional and post-translational mechanisms, 
such as modifications of synthesis and pro
tein stability. 

Introduction 

The treatment of acute myeloblastic leuke
mia (AML) is a paradox. Most patients re
spond to treatment initially, evidence that 
the disease is chemosensitive. Most patients 
subsequently relapse, evidence of chemore
sistance. Tissue culture of leukemic cells 
provides a way to look for a resolution of the 
paradox; in culture the responses of the cells 
can be examined without the complications 
and ethical restraints that limit clinical 
trials. Further, cell cultures may be manipu
lated in experiments designed to discover 
the mechanisms of both cell kill and cell sur
vival. Mechanistic studies of shown clearly 
that drug-injured cells usually die by apop
tosis [lJ.A complex series of molecular con
trols govern physiological cell death; these 
regulators also influence response to drugs. 
The opportunity exists to manipulate cell re
sponse to encourage cell kill and avoid resis
tance. 

It is convenient to consider two categories 
of the events that lead from drug-cell contact 
to either death or recovery: first, proximal 
events are those that begin with drug entry 
into the cell and end with damage to the cel
lular target, usually DNA. Second, distal 
events are those that influence the fate of the 
damaged cells, so that they either survive or 
enter apoptosis. Distal mechanisms have 
only recently been subjected to extensive 
study, a new interest based on improved ba
sic knowledge of mechanisms of apoptosis. 

Ontario Cancer Institute/Princess Margaret Hospital, 610 University Avenue, Toronto, Canada, MSG 2M9 
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In this paper, work will be described in which 
AML blast stem cells in culture were used to 
search for distal mechanisms that might ex
plain how sensitivity to ara-C is altered by 
growth regulators. The report is a continua
tion of the studies summarized in the pro
ceedings of the Leukemia VI conference [2]. 

Distal Mechanisms 

Injured cells initiate the processes that may 
lead to apoptosis. Often damage in DNA is 
followed by changes in cellular redox, with a 
shift towards oxidizing conditions, then lip
id peroxidation in membranes and the re
lease of intracellular ionized calcium 
[Ca2+L. This sequence favors the endonucle
ase activity that cleaves DNA in the final 
stage of apoptosis. Accompanying these 
changes in the redox environment, a number 
of proteins act either to rescue cells or to fa
cilitate apoptosis. Many of the proteins are 
enzymes; some are DNA repair enzymes; 
others are proteases that are required for en
zyme activation or inhibition; others are ki
nases or phosphatases, part of signalling 
pathways or required for cell cycle regula
tion. Negative oncogenes are also activated; 
their protein products alter the cell cycle and 
may be required for apoptosis or protect 
against it. The bcl-2 family proteins include 
members that are protective and others that 
promote death. The mechanisms of action of 
these proteins remains obscure; they appear 
to act in concert with a number of other 
mechanisms, including those required for 
repair and cell cycle regulation. Bcl-2 pro
tein also has important anti-oxidant proper
ties. None of these protein-mediated activ
ities works alone or as a single pathway; 
rather it appears that an interacting network 
of protein-mediated events determine 
whether injured cells die or enter apoptosis. 
A brief description of some of the major 
mechanisms will be provided, with particu
lar emphasis on the bcl-2 family. 

Oxidative Stress Following Injury 

Production of excess ROI is frequently a 
consequence of drug-induced DNA damage. 

Although ara-C is known to induce DNA 
breaks [3], we were unaware of evidence of 
oxidative stress contributing to ara-C toxic
ity. To test for ROI production after ara-C 
treatment, we used N-acety-cysteine (NAC) 
as a radical scavenger. We found NAC to be 
highly protective if given before drug but to 
be ineffective if given with or after ara-C [4]. 
This result provided indirect evidence that 
ROI are produced in cells treated with ara-C 
and may contribute to cytotoxicity. The well 
established series of proximal events that 
lead to ara-C incorporation and termination 
of chain elongation [5,6] continue to be re
quired since dCK negative mutants are re
sistant to ara-C [7]. It is probable that the 
generation of ROI follows injury DNA and 
may be a response to it. 

To look at the contribution of ROI to cyto
toxicity, free radicals were introduced into 
blast cells by adding H20 2 to the cultures; 
dose response curves were measured for 
cells of the AML lines, using the clonogenic 
assay as an endpoint. Variation in H20 2 sen
sitivity among cell lines was found; there 
was a correlation between sensitivity to ara
C and to H20 2, a finding consistent with a 
role for ROI in ara-C killing. 

To seek more direct evidence for the par
ticipation of ROI in ara-C killing, we used 
flow cytometry to measure the molecules 
that are important in maintaining cellular 
redox state. A major contributor is glutathi
one (GSH) which protects against ROI by 
binding free radicals or by reducing endoge
nously produced H20 2• In this balanced, re
duced state the cell is protected against oxi
dative damage; membrane integrity and en
zyme function are maintained. When mem
branes are damaged by ROI (lipid peroxida
tion) calcium is released from stores and cal
cium-dependent enzymes are activated, in
cluding the endonucleases required for 
apoptosis [8-10]. 

We asked if these events occured after ara
C damage. We used vital fluorescent dyes, 
quantitated by flow cytometry, to assess 
ROI, GSH and intracellular ionized calcium 
([ Ca2+L) in ara-C treated cells. Regularly, we 
observed a sequence of events that began 
with the emergence a population with ele
vated ROI and GSH. Then cells were seen 
with elevated ROI but little GSH; with time, 
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[Ca2+L increased in these cells, which then 
lost membrane integrity and viability as 
measured by failure to exclude propidium 
iodide and loss of colony-forming ability. 
Figure 1 shows the results of a kinetic ex
periment in which OCI/AML-2 cells were 
exposed to a 90% lethal concentration of 
ara-C and then assayed at intervals for clon
ogenic cell survival, GSH, ROI and capacity 
to exclude propidium iodide. The findings 
further support a role for oxidative stress in 
ara-C toxicity. The development of this as
pect of the work is described in an accompa
nying paper (Hedley et al.) in the Sympo
sium Proceedings. 

Repair Enzymes and Proteases 

A variety of enzymatic mechanisms are used 
in repair of damaged DNA [11-14]. DNA re
pair may also require poly(ADP-ribose) 
polymerase (PARP); this DNA-binding nu
clear enzyme converts NAD to nicotin
amide, catalyzing theADP-ribosylaton of nu
clear polypeptides. These polymers remain 
bound to PARP and modify its structure; the 
modification alters binding to DNA and may 
facilitate access of DNA repair enzymes to 
single strand breaks. A role for PARP in dis
tal mechanisms is postulated because it is 
enzymatically cleaved early after exposure 
of AML cells to DNA, with resulting reduc-

586 

// 

3D 

Fig.l. Time course of changes 
in OCI! AML-2 cells, cultured 
in the presence of ara-C at a 
concentration of 7 X 10-6 M. 
Clonogenic cell recovery was 
measured by plating in 
methylcellulose cultures. 

40 The other parameters were 
measured by flow cytometry 
[68] 

tion in catalytic and DNA binding activity 
[15]. The enzyme responsible for PARP 
cleavage is YAMA/CPP32b, the mammalian 
homolog of the sed-3, one of the genes re
quired for apoptosis during embryogenesis 
of C. elegans. This is a member of the ICE 
(Interleukin-2b converting enzyme)/sed 
family of serine proteases that have regula
tory functions in apoptosis [16, 17]. Pro
tease-mediated cleavage of PARP is an early 
response to treatment of AML cells with 
many DNA-damaging chemotherapeutic 
drugs [15]. 

Signalling by the MAP Kinase Family 

The binding of a regulator to its receptor in
itiates a signalling cascade; information is 
passed from protein to protein by enzymes 
with tyrosine of serinelthreonine specific
ity. Receptor-ligand binding plays a key role 
in the regulation of the growth of normal 
and leukemic cells. Binding initiates signal
ling by the mitogen activated protein (MAP) 
kinase family of extracellular signal regulat
ed kinases (ERKs); these are serine-threo
nine kinases that ultimately act in the nucle
us on the AP-l transcription factor (jun/fos 
dimers) [18]. The usual observed effects are 
either increased cell growth or differentia
tion. Analogous and parallel to the ERKs is a 
cascade of MAP kinases that is activated by 



many cellular stresses, including chemo
therapy [19,20]. This stress-activated pro
tein kinase (SAPK) is the final stage in a cas
cade that leads to cell death by apoptosis. 
Thus, cells possess at least two similar sig
nalling systems, using similar mechanisms, 
but leading to either survival (ERK) or death 
(SAPK)[21]. 

Negatively Acting Oncogenes 

Cells frequently respond to damage by ar
resting in the Gl phase of the cycle. Promi
nent mediators of G 1 arrest are the negative 
oncogenes, p53 and RB [22-25]. Up-regula
tion of p53 is usual in cells damaged by irra
diation and chemotherapy [26, 27]. Cells 
may emerge from arrest as survivors, or may 
enter apoptosis; each of these fates may be 
p53 dependant. The amount of the protein 
present may alter the dose response to either 
irradiation or drugs [26,27]. 

The BcI-2 Family 

Bcl-2 was first identified from chromosomal 
breakpoint analysis of a t{14;18), it is devel
opmentally regulated, with expression pre
dominantly in immature lymphocytes; ex
pression is also seen in normal bone mar
row, brain, intestine and skin [28-30] Bcl-2 
protein is localized on mitochondrial, endo
plasmic reticulum and nuclear outer mem
branes [31-33]. The protein is found in many 
cancers, including lymphomas and leukemi
as.Bcl-2 is the first of a family of genes that 
function to either prevent or enhance apop
tosis [34,35]; it is homologous to the C. e1e
gans survival gene ced-9 [36]. The family 
members share extensive homology in two 
highly conserved region, BHl and BH2. 
Members of the bcl-2 family fall into two 
functional groups, those that protect against 
apoptosis, and those that promote cell death. 
In addition to bcl-2, the protective members 
include ofbcl-xl [37,38] which acts like bcl-
2. In normal hemopoiesis, bcl-x but not bcl-2 
is expressed in the most primitive precur
sors [39].A third protective protein is bag-I, 
which has minimal homology to the bcl-2 
family but protects against apoptosis [40]. 

Other weakly protective family members are 
inducible; MCL! responds to phorbol esters; 
it was isolated from a leukemic cell line and 
may playa role in differentiation [41]. Bfl-l, 
the human equivalent of the murine GM
CSF responsive gene AI, was isolated from 
fetal liver and is expressed predominantly in 
normal marrow [40]. The most prominent 
member of the opposite, death promoting, 
class of family members, is Bax discovered 
by its capacity to dimerize with bcl-2 [42, 
43]. Bcl-xs is an alternatively spliced form of 
Bcl-x that has death promoting activity [37, 
38]. Bad was isolated by a yeast 2-hybrid 
screen; it forms heterodimers with bcl-2 and 
both forms of bcl-x, but not with bax, al
though, like bax, it promotes apoptosis [44]. 
Bak was isolated on the basis of homology 
with BHl and BH2. It is widely distributed, 
and, like bax, promotes apoptosis [45-47]. 
Human forms are described for all of the 
above proteins except Bad and Bag. 

A major characteristic of the bcl-2 family 
is capacity to form homo or heterodimers. 
Both bcl-2 and bcl-x form heterodimers 
with bax; it is proposed that the level of bax 
homodimers determines the extent of its 
death promoting ability [43]. However, it is 
of note that bax transgenic mice are viable, 
suggesting that high levels of bax alone do 
not produce death [48]. Bad may promote 
apoptosis indirectly by displacing bax from 
bcl-2/bax dimers [44], providing evidence 
for the regulatory importance of dimeriza
tion. 

The Response to Drugs of AML Blast Cells in 
Culture 

The relevance of distal mechanisms to 
chemotherapy is obvious from the brief out
line of the network given above. It is also ev
ident that in a network characterized by a 
balance between positive (survival) and 
negative (death) probabilities, a single para
digm is unlikely to be satisfactory. Signifi
cant differences are to be expected based on 
such variable as tumor, species and growth 
conditions. For the investigator, it is neces
sary to chose a system and a problem; only 
when these are dissected can it be asked if 
the results have general significance. The 
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blasts cells as they respond to drugs in cul
ture provide an experimental model that is 
easily perturbed. The role of distal mecha
nisms in the outcome of changes in the cul
ture environment was explored, using drug 
treatment as a way of introducing damage. 

AML Blasts in Cell Culture 

Large numbers of AML blasts can safely be 
obtained from the peripheral blood of pa
tients; populations containing >95% blasts 
can readily be purified, using ficoll hypaque 
separation and T cell depletion [49]. The 
blasts cells will proliferate in suspension cul
ture, providing suitable growth factors are 
included in the medium; the specific growth 
factor requirements of the cultures vary 
greatly from patient to patient, although 
most respond to G-CSF, GM-CSF, the ligand 
for C-KIT [50,51]. The blast population con
tains a subpopulation of cells that are ca
pable of colony-formation in cultures made 
viscid by agar or methylcellulose [52,53]; re
plating experiments show that blast colonies 
contain new colony-forming cells at a low 
plating efficiency, evidence that clonogenic 
blast cells have the stem cell property of self
renewal [54). Suspension cultures and clon
ogenic assays are complementary methods 
in the study of AML. Large cell numbers can 
be manipulated in suspension; clonogenic 
assays can be used to monitor the results of 
the manipulation. Such experiments sup
port an hierarchical model of the cellular or
ganization of blast cells. Clonogenic stem 
cells are considered to be derived from plu
ripotent leukemic transformants; these then 
maintain an independent lineage of stem 
cells, consisting largely of their terminally
dividing or proliferatively inert descendants 
[55]. 

Distal Events in Drug-Treated Suspension Cultures 

Together the suspension culture and clono
genic assay can be used to model events in 
vivo [56]. For example, cells in suspension 
can be exposed to drugs or regulators for 
varying times and concentrations and then 
plated in suspension to measure clonogenic 
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cell survival [57]. This design is readily 
adapted to the study of distal events in 
blasts; the cells are treated with drug in sus
pension and then assayed for proteins that 
regulate apoptosis and for clonogenic survi
val. The measurement of blast stem cells in
sures that molecular assays performed on 
bulk populations in suspension also occur in 
the crucial stem cell sub population. In a 
paper in these proceeding Hedley et al. de
scribe experiments of similar design, where 
changes in oxidative stress were measured 
along with survival of blasts exposed to drug 
in culture. 

Regulated Drug Sensitivity (RDS) in Culture 

The importance of distal mechanisms was 
re-enforced as we began to investigate how 
regulators alter the sensitivities of blasts to 
cytosine arabinboside (ara-C) and daunoru
bicin (DNR). Using the cell culture assays we 
have explored the capacity of growth fac
tors, all trans retinoic acid (ATRA) and hy
drocortisone (HC) to alter the sensitivities 
of blast cells to chemotherapeutic agents. 
Regularly, blasts are found to be more ara-C 
sensitive in G-CSF than in IL-3 or GM-CSF 
[58-60].ATRA affects blast sensitivity to ara
Cor daunorubicin (DNR); the response may 
be either an increase in sensitivity or protec
tion, depending on schedule; sensitization is 
the usual effect when ATRA is given after 
drugs [61-63]. Hydrocortisone (HC), an
other ligand for a member of the intracellu
lar steroid receptor family, has little effect on 
blasts in culture except at very high doses. 
However HC protects cells against the lethal 
effects of ara-C or DNR [62,64]. 

Our unsuccessful search for proximal 
mechanism was reviewed in the 1995 Acute 
Leukemia Symposium [2]. Examination of 
distal events after drug injury proved more 
revealing. We used a flow cytometric meth
od to measure nicks in DNA [3,65]. We fol
lowed the kinetics of cells with nicked DNA 
after ara-C [66] or DNR [62], and deter
mined how these changes were affected by 
ATRA or He. The data were consistent with 
the hypothesis that HC permits damaged 
cells to persist and eventually undergo re
pair, while cells treated with ATRA have has-



tened cell death; these findings support our 
view that these regulators of drug sensitivity 
affect distal mechanisms of drug sensitivity. 
The findings confirmed results of others 
showing apoptosis after exposure to ara-C 
[67]. 

A Distal Mechanism Based on BcI-2 

The nicked DNA assay provided general evi
dence that distal mechanisms might explain 
regulated drug sensitivity. In a search for a 
specific mechanism, we examined the effects 
of regulators on bcl-2. We found that ATRA, 
but not the other RDS regulators, decreases 
bcl-2 translation, as seen in northern blots. 
Bcl-2 is able to protect against a wide variety 
of damaging agents including chemothera
peutic drugs that produce DNA breaks and 
oxidative stress. The evidence that cells re
spond to ara-C damage by producing ROI 
was reviewed earlier. If ara-C-induced ROI 
are part of the mechanism of RDS, then ROI 
toxicity from another source such as H20 2, 

should be regulated. We found that ATRA 
given after H20 2 increased sensitivity while 
HC given before H20 2 was protective; this is 
the same pattern of regulation seen with 
ara-C [4]. 

These results led to the hypothesis that 
bcl-2 is an important part of the mechanism 
by with ATRA sensitizes cells to ara-C. ROI 
are produced as a response to incorporation 
of ara-C into DNA and contribute to the cy
totoxic action ofthe drug; levels ofbcl-2 pro
tein modulate the toxic effects of ROI. We 
postulated that regulators affect drug sensi
tivity by altering the activity ofbcl-2 [4]. The 
hypothesis rested on largely on correlative 
data; our data did not address the issue of 
protection against ara-C damage by hydro
cortisone, or the opposite effects of G-CSF 
and GM-CSF on the drug response. We 
sought to remedy these defects. 

Tests ofthe Hypothesis 

Earlier we described the direct evidence for 
the generation of ROI in ara-C treated blast 
cells [68]. These findings are essential of the 
model. Further support for the model came 

when bcl-2 cDNA was transfected into blasts 
to see if increased bcl-2 protein would pro
tect call against injury. Next, studies of the 
bcl-2 protein itself, using western blots, im
munoprecipitation and pulse labelling with 
35S-methionine, provided evidence for 
post-translational changes consistent with a 
role for bcl-2 in RDS. These experiments 
supported post-translational mechanisms 
by which not only ATRA, but also hydrocor
tisone and growth factors, could alter bcl-2 
activity and through it, change ara-C sensi
tivity. 

bcl-2 Transfectants 

If, as postulated in the model, bcl-2 protein 
protects against ROI generated in ara-C 
treated blasts, an increase in the amount of 
bcl-2 protein should lead to decreased sensi
tivity to both H20 2 and ara-C. We transfect
ed cDNA with a CMV promoter into 
OCI/AML-2 and OCI/AML-5 in the sense 
and anti-sense orientations. As expected, 
western blots showed increased bcl-2 pro
tein in the sense but not in the anti-sense 
transfectants. Concurrent dose response 
curves for controls (transfected with vector 
only) and transfectants were obtained for 
both H20 2 and ara-C. Typical results for 
OCI/AML-5 and its transfectants are shown 
in Fig. 2. It is evident that two independent
ly-obtained sense transfectants (5sa and 
5sb) were less sensitive to both agents than 
the vector-only controls (5neo). Although 
anti-sense transfectants (5as) were slightly 
more sensitive to ara-C than controls, the 
difference did not reach statistical signifi
cance. Thus, cells with increased bcl-2 pro
tein were protected against both exogenous 
ROI (H20 2-treated cells) and ROI generated 
after exposure to ara-C, compared to con
trols transfected with vector only, or trans
fectants with bcl-2 in the anti-sense orienta
tion [69]. 

The bcl-2 cDNA was transfected with a 
CMV promoter; its transcription, therefore, 
should not be regulated in the same way as 
endogenous bcl-2 with its own regulatory 
machinery. We prepared ara-C dose re
sponse curves for vector-only controls and 
bcl-2 sense transfectants, with and without 
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Fig. 2. Survival curves dem
onstrating the effects of 
transfected bcl-2 genes of 
sensitivity of clonogenic 
blast cells to ara-C or H20 2• 

The H20 2 dose response 
curves are shown in the left 
panel, the ara-C curves in 
the right panel. For both 
agents the sense transfec
tants were less sensitive than 
controls; the antisense trans
fectants showed increased 
sensitivity that did not reach 
significance [69] A B Ara-C(x 1 DuM) 

ATRA after drug. As expected, the vector 
only cells were sensitized to ara-C by ATRA. 
The transfectants were more resistant to 
ara-C than parental cells; when treated with 
ATRA, the transfectants showed much less 
sensitization than parental cells. We consid
er that this result is consistent with the re
sponse of endogenous bcl-2 as compared to 
transfected bcl-2 with a CMV promoter [69]. 

Post-Translational Modifications of bcl-2 Protein 

Nuclear run on experiments were used to 
show that ATRA was downregulating the 
translation of bcl-2 message; the nuclear 
run-on data, however, did not provide a 
complete explanation [4]. We decided to 
look for post-translational modifications of 
bcl-2 protein. We used the technique of 
metabolic labelling. The cells were incubat
ed in medium without methionine for 30 m, 
then pulsed for 20 m with 35S-methionine; 
then the cells were either collected immedi
ately or returned to growth medium for pe
riods of time as indicated by the design. 
When harvested the cells were lysed, bcl-2 
immunoprecipitated and electropheresed 
on PAGE gels. Gels were dried, the radioac
tivity in bcl-2 measured using a phospho
imaging screen. The outcome of the experi
ment was a measurement of initial labelling 
and the half-life of the protein. 
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BcI-2 Protein Stability 
We exposed OCIIAML-2 cells to either 
ATRA or hydrocortisone for 24 h, and then 
compared the decay oflabelled bcl-2 protein 
to protein from controls. The densitometer 
readings from the phospho-images are plot
ted in Fig. 3. The control protein had a half
life of 20 h; in contrast, protein from ATRA 
treated cells was less stable (half-life 12 h) 
while that from HC exposed cells was more 
stable, with a half-life of 43 h. Similar results 
were obtained with OCI/AML-5 cells, al
though the control protein was so stable that 
neither this protein or that from HC-treated 
cells reached a half-life value in the 72 h du
ration of the experiment [70]. 

The opposite changes in bcl-2 half-life af
ter ATRA or HC are consistent with the ef
fects of these regulators on ara -C sensitivity; 
a more stable protein might be more effec
tive in protecting cells, as is seen after HC, 
while the less stable protein found in ATRA
treated cells is consistent with its sensitizing 
action. Thus, the bcl-2 hypothesis for the 
mechanism of RDS can now be extended to 
the protective effect ofHC. 

Growth Factors and bcl-2 Synthesis 
Growth factors, like HC, change drug sensi
tivity but do not alter transcription ofbcl-2, 
as seen in northern blots. To test for growth
factor induced post-translational changes, 
we choose two cell lines with different factor 



e c 
o o 
'0 
~ , 
....I o 
aJ 

100~~~ __ _ 

10 

"0 
..91 
Cii 
.0 

Fig. 3. Changes in expression j 
of bcl-2 in OCI/AML-5 cells 
following exposure to ATRA 
(1O-7M) or HC (l0-5M). The 
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responses. The major response of 
OCI/AML-5 cells is to GM-CSF, with a minor 
response to G-CSF, and clear synergism 
when both are included in the cultures. 
OCI/AML-lO grows best in G-CSF; GM-CSF 
is weakly mitogenic, but again synergism 
with G-CSF is seen. For each cell line we 
compared cells growing in G-CSF, GM-CSF 
and both factors together. Comparison of 
cells in G-CSF and GM -CSF, or both together 
showed no difference in protein stability. A 
difference was found, however, when west
ern analysis was used to look at quantities of 
bcl-2 protein in cells grown in different con
ditions. For both OCI/ AML-S and 
OCI/AML-lO cells, there was a 30-40% in
crease in bcl-2 protein after 72 h in GM-CSF 
or G-CSF + GM-CSF, compared to cells in G
CSF alone. The finding was consistent even 
though the mitogenic responses to growth 
factors of the two cell lines were different. 

With these experiments, we could only 
conclude that GM-CSF increased the 
amount ofbcl-2 protein in AML blast cells. A 
different experimental system was required 
to support a post-transciptional mechanism 
for the growth factor effect. The cell line 
OCI/ AML-l had desirable properties for our 
purpose. Bcl-2 expression is low in these 
cells, detectable in RNA only by PCR, and the 
protein gives a weak protein band in western 
blots. OCI/ AML-l cells readily show regulat
ed sensitivity to ara-C by growth factors. 

24 36 48 60 72 

Time (hour) 

They are very sensitive to the drug in G-CSF 
but much less sensitive in G-CSF + GM
CSF [58). Preliminary experiments showed 
that bcl-2 protein was increased when GM
CSF was added to AML-l cells growing in G
CSF; the increase was more marked when 
the cells were cultured in G-CSF with the ad
dition of the GM-CSF/IL-3 fusion protein 
pIXY [71). 

We used kinetic experiments to ask if the 
increased amount of bcl-2 protein in cul
tures with G-CSF + pIXY compared to G
CSF alone could be explained by a change in 
synthesis. Western blots were used to meas
ure the mount of protein; metabolic label
ling provided a measure of synthesis. 
OCI/ AML-l cells were maintained in G-CSF 
for 24 h; then pIXY was added to one set of 
cultures, the other remaining as controls.Af
ter a second 24 h period the cells were 
washed and recultured in G-CSF alone. At 
intervals during the 72 h of the experiment, 
cells were harvested for western blots. Other 
cultures were pulsed with 35S-methionine 
for 60 minutes, immunoprecipitated and in
corporation oflabel into bcl-2 protein deter
mined. The data are shown in Fig. 4, as kinet
ic plots of the densitometer reading of the 
western blots (amount of protein) and the 
phosphoimages (incorporation of label). 
The densitometer readings for both were 
normalized to the lowest value, each shown 
in the Figure at 1. The data in the figure show 
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Fig.4. Kinetics of OCl! AML-l 
cells grown in G-CSF, trans
ferred after 24 h to medium 
containing both G-CSF and 
pIXY; after a day, they were 
returned to G-CSF alone. At 
intervals cultures were col
lected and either assayed for 
bcl-2 protein by Western 
blot, or cultured in methio
nine negative medium and 
pulsed for 1 h with 3SS-me
thionine. Immunoprecipi
tated bcl-2 was tested for in
corporation of radioisotope. 
The densitometry readings 
were normalized against 1 
for the lowest value, for both 
Western blots and radio au
tographs [72] 
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that bcl-2 synthesis had more than doubled 
by 12 h after the addition of pIXY and fell al
most as rapidly when pIXY was withdrawn. 
The changes in bcl-2 protein were almost as 
large; the protein level peaked after 24 h, and 
fell more slowly than synthesis. We conclud
ed that growth factors acted after transcrip
tion to alter the rate of synthesis of bcl-2 
protein. The increased protein synthesis 
seen in cultures with G-CSF + pIXY com
pared to G-CSF alone, is consistent with the 
protection afforded against ara-C toxicity by 
IL-3 and GM-CSF [72]. 

Discussion 

We can now propose a more detailed model 
of regulated drug sensitivity. Bcl-2 remains 
at the center; drug sensitivity decreases as 
bcl-2 becomes more active. Growth regula
tors effect bcl-2 activity in at least three 
ways. First, ATRA acts in part at the level of 
translation, as it down-regulates bcl-2 
mRNA. Second, growth factors do not 
change mRNA levels, but rather work at the 
post-translational level to change the rate of 
protein synthesis. Third, ATRA and hydro
cortisone, both ligands for receptors of the 
steroid superfamily, change the stability of 
bcl-2 protein; since such a change may well 
be the consequnce of a structural alteration 
in the protein, the effect may be considered 
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post-transcriptional. in each instance the 
change in bcl-2 in consistent with the known 
effect of the regulator on ara-C sensitivity. 
ATRA down-regulates transcription and re
duces protein stability, as might be expected 
from the observed decrease in sensitivity 
seen when blasts are exposed to ATRA after 
drug. Hydrocortisone stabilizes bcl-2 pro
tein and also protects blast cells against the 
toxic effects of ara -co GM -CSF increases bcl-
2 synthesis, as might be expected from its ca
pacity to decrease cell kill after ara-C. How 
bcl-2 modifies response to injury is un
known. It is plausible to think that the pro
tein acts, in part, to maintain the cellular re
dox environment in a reducing state. 

While recent work has amplified and ex
tending ideas about RDS, an unresolved 
problem remains. Bcl-2 protein is very 
stable, even in cells that have been exposed 
to ATRA. Yet changes in drug sensitivity oc
cur in 24 h. It seems unlikely that bcl-2 pro
tein as measured in western blots or by im
munoprecipitation can be the direct media
tor that explains RDS. The studies with 
ATRA and HC, however, show that the pro
tein can be modified. It seems possible that 
small isoforms may exist that are the truly 
active agents. Experiments using two di
mensional gels are being conducted to test 
for this possibility. 

Finally, bcl-2 and its family are put one 
part of the interacting molecular events that 



happen in injured cells. These are an infor
mation system, where modifications of pro
teins carry the message. These modifica
tions include phosphorylation, enzymatic 
cleavage and dimerization. Bray has sug
gested that the protein-based information is 
fundamentally similar to the language used 
by computers [73]. It is striking that the mul
tiple and interactive protein network yields 
a binary results - cells either recover or die. 
An attractive possibility is that a stochastic 
process is responsible for the choice of out
come. From this point of view, the complex 
and redundant protein-based information 
network may serve not to determine out
come, but rather to set the probability of life 
or death. 
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Abstract. Metabolites of tritium labeled AraC 
(AraCMP, -CDP, CTP, -CDP-choline) were 
determined by HPLC analysis. No signifi
cant differences in the formation of these 
metabolites could be found between fresh 
leukemic blasts, mononuclear cells from 
normal bone marrow and CD34/ 38 positive 
hematopoetic stem cells. AraCTP half-life, 
which has previously been shown to corre
late with clinical parameters like CR dura
tion, was longest in leukemic blasts. The 
intracellular pool of AraCTP precursors 
(AraCMP, -CDP) was similar and of low 
abundance (13-20% of AraCTP at all tested 
AraC concentrations) in all investigated cell 
types and therefore did not explain the dif
ferences in AraCTP half-life. 

AraCDP-choline formation seemed to be 
saturated at higher AraC incubation levels 
than AraCTP and might therefore have a 
significance for AraC pharmacodynamics 
of high dose AraC regimens. Since this me
tabolite is structurally similar to CDP-cho
line - a precursor of phospholipid metab
olism - the effect of AraC on cellular lipid 
metabolism of HL60 cells was investigated: 
AraC induced a significant reduction (30%) 
in cellular phosphatidylcholine (PC) con
tent. Antagonism of these alterations by ly
soPC resulted in almost complete reversal 
of the AraC induce,d loss of viability (tested 
by trypan blue exclusion). The AraC in
duced loss of viability at high AraC concen
trations might be caused partially by the de-

stabilization of cell membranes, which has 
also been observed after PC alterations 
from other causes. 

Introduction 

The pyrimidine analogue AraC (Ellison et 
al. 1968) depends on its intracellular activa
tion (via phosphorylation) or inactivation 
(via deamination) for its cytotoxic activity 
(Rustum et al. 1987). S-phase dependent cy
totoxic activity due to incorporation of the 
nucleoside into the DNA and interference 
with enzymes of DNA metabolism (DNA 
polymerase ex and [3, DNA ligase) is mediat
ed by the triphosphate AraCTP (Kufe et al. 
1980,1984). Since this drug has demonstrat
ed significant clinical activity especially in 
acute myeloid leukemias the intracellular 
formation of AraCTP has been investigated 
extensively in leukemic blasts. On the other 
hand, the distinct hematotoxicity after AraC 
treatment is believed to be mediated by the 
same pharmaocological mechanisms in 
mononuclear cells of normal bone marrow 
or more precisely in hematopoetic stem cells 
as the physiological counterpart ofleukemic 
blasts. Nevertheless information on the dif
ferential AraC metabolism, i.e., qualitative 
or quantitative differences in the formation 
and degradation of AraC metabolites 
between leukemic cells and normal cells, are 
not available. 

1 Dept. Hematology / Oncology, 2 Dept. of Transfusion Medicine, Georg August University of Giittingen, 
Robert-Koch -StraBe, 37075 Giittingen, Germany 
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The first part of this study was initiated to 
investigate the formation of araC-mono, -di 
and -triphosphate, as the main mediator of 
cytotoxicity and its precursors, in fresh leu
kemic blasts, fresh normal bone marrow and 
in hematopoetic stem cells. Since the half
life of AraCTP in leukemic blasts has been 
shown to correlate with such clinical param
eters as the duration of complete remissions 
(Rustum et al. 1987) this pharmacokinetic 
variable was also to be assessed in the afore
mentioned cell types. 

The pharmcodynamic mechanisms of 
AraC treatment during the highly efficient 
high dose therapies (Hiddemann et al. 1993) 
have so far remained partly unlucidated. 
The observation of a rapid blast lysis during 
such treatments (Daley et al. 1990, Strum et 
al. 1994) has evoked interest in the potential 
interference of AraC metabolites with the 
cellular lipid metabolism with subsequent 
disturbances of cellular membranes. The 
metabolite AraCDP-choline is of particular 
interest because of its structural similarity 
to CDP-choline - a precursor of phosphati
dylcholine (the most abundant phospholip
id in cellular membranes). 

The second part of this investigation was 
therefore focused on the formation of 
AraCDP-choline in the three cell types (Ku
cera et al. 1992) and on the changes in lipid 
composition of leukemic cells during and 
following AraC exposure. 

Materials and Methods 

Materials 

AraC was obtained from Upjohn (USA), trit
ium labeled AraC (3H-AraC, 20 Ci/mMol) 
and L-lyso-3-phosphatidylcholine, 1-(1-
14C)palmitoyl (56mCi/mMol) was from 
Amersham (Braunschweig, Germany). Nu
cleotide and lipid standards, lysophosphati
dylcholine and trypan blue were from Sigma 
(Munich, Germany). All solvents (HPLC 
quality) were purchased from JT Baker (De
venter, The Netherlands) or Merck (Darm
stadt, Germany). Merck also provided thin
layer chromatography plates. Cell culture 
medium (RPMIl640) and fetal calf serum 
were from Gibco Life Technologies (Eggen-

stein, Germany). For HPLC analysis a type 
501 pump by Waters (Erkrath, Germany), a 
250/1/4/4.6-120-511 C18 reversed phase col
umn by Macherey and Nagel (Duren, Ger
many) and a Ramona 92 scintillation coun
ter by Ray test (GroB-Gerau, Germany) were 
used. 

Sample Acquisition 

Fresh cell samples were obtained by bone 
marrow aspiration from the posterior iliac 
crest. Mononuclear cells (leukemic blasts 
and normal bone marrow cells respectively) 
were isolated by Ficoll hypaque centrifuga
tion, washed 3 times and then diluted for the 
respective experiments. 

In order to ensure a sufficient amount of 
CD34/ 38 positive hematopoetic stem cells 
these cells were isolated from samples ob
tained by stem cell harvesting after chemo
therapy plus G-CSF application. The sam
ples underwent Ficoll centrifugation; CD34/ 
38 positive cells were then isolated via cell 
sorting. 

Cultured cell lines (HL60, Raji) were kept 
in RPMIl640 medium which was supple
mented with 20 mM HEPES, 100 Ilg/ml 
streptomycin, 10 mM L-glutamin and 10% 
FCS. Cultures were kept at 37°C, 5% CO2 

and 95% humidity. The medium was ex
changed every 3 days; cells in the exponen
tial growth phase were used for the experi
ments. 

Viability Changes 

Cells were incubated at a concentration of 
0.2 X 106 cells/ml and exposed to various 
concentrations of AraC. Cell counts were ob
tained using a Neubauer cell counting cham
ber. Cell viability was assessed by the trypan 
blue exclusion method. 

Detection and Quantification of AraC Metabolites 

Detection and quantification of tritium la
beled AraC metabolites was performed by a 
previously described high performace liq
uid chromatography assay (Braess et al. 
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1996). Briefly this method was based on ion
pairing using a C-18 reversed phase as the 
stationary phase. Using on-line solid scintil
lation detection of tritium labeled substanc
es all 9 known metabolites of AraC (AraC, 
AraCMP, AraCDP, AraCTP, AraCDP-Cholin, 
AraU,AraUMP,AraUDP and AraUTP) could 
be detected. The limit of detection ranged 
from 40 to 200 pg (absolute) for AraC and 
AraUTP respectively. Due to the detection 
limits quantification of the respective sub
stances was possible for 7 out of 9 metab
olites. For AraUDP and AraUTP only a limit 
of detection could be defined; exact quanti
tation was not possible due to the small 
amounts found persistently during the vali
dation of the assay. 

Lipid Changes 

Lipid extraction was performed using chlo
roform/ methanol/ water (volumes 8110/4). 
After drying the lipid extract under nitrogen 
(60°Celsius) it was redisolved in chloro
form/water (volumes 111) and applied to 
high performance thin layer chromatogra
phy plates. For the analysis of phospholipids 
plates were developed in chloroform/ meth
anol/acetic acid/ water (volumes 60/50/5/2) -
for neutral lipids hexane/ isopropanolol was 

used (volumes 5/7). After drying, the plates 
were immersed in an 10% copper sulphate 
solution and made acidic with 8% phos
phoric acid. After charring the charred spots 
were quantitated using a personal densi
tometer (Molecular Dynamics, Krefeld, Ger
many). 

Results 

Metabolite Formation 

Cells were incubated with AraC at a concen
tration of 1 and 5 fIg/ml for 5 h. For leukemic 
blasts and normal mononuclear cells a con
centration of 0.5 X 106 cells/ ml was used. In 
the case of CD34/38 positive stem cells vari
ous concentrations ranging from 0.14 to 0.5 
X 106 were used depending on the yield of 
the respective sample acquisition. The phar
macologically relevant metabolites, AraC, 
AraCMP, AraCDP, AraCTP, and also 
AraCDP-Choline were detectable in all cell 
types. As shown in Table 1 AraCTP was the 
most abundant metabolite followed by 
AraCDP-Choline and AraCDP. There was a 
significant variability between different 
samples of the same cell type. These varianc
es were most pronounced in leukemic blasts 
perhaps reflecting the greater biological het-

Table 1. Formation of AraC metabolites in various cell types at two dosages (5 hours) mean and standard de-
viation (italics) 

Cell type n AraC AraC AraU AraCMP AraCDP AraCTP AraCDPChol 
incubation 
flg/ml 

HL60 2 10.4 5.0 1.7 7.0 69.9 10.8 
3.3 1.4 1.3 2.6 16.6 5.2 

2 5 18.9 9.5 4.7 15.2 l20.1 20.4 
6.5 3.4 2.3 5.5 22.6 4.5 

RAJI 2 64.0 12.9 12.7 63.5 330.7 86.1 
8.1 4.0 6.5 8.9 39.9 13.6 

2 5 104.6 25.2 23.8 75.8 438.3 158.0 
13.3 3.4 6.4 12.2 39.9 51.8 

AMLblasts 9 5.8 2.9 2.7 7.5 99.0 12.9 
2.4 2.5 1.7 7.3 103.3 9.6 

9 5 24.0 7.7 6.7 13.0 187.8 30.5 
15.0 6.8 3.8 12.1 173.9 21.5 

Normal bone 4 3.4 1.6 1.3 3.3 30.4 4.0 
1.0 0.4 0.5 1.3 l3.5 1.7 

marrow 4 5 22.8 5.0 3.2 5.3 50.6 9.4 
4.9 1.2 1.2 2.3 31.1 4.6 

CD34/38+ 4 7.1 1.5 1.6 2.3 16.0 4.2 
7.7 2.1 1.5 3.6 24.5 3.3 
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Fig. 1. Effects of AraC and ly- 5 
soPC on phospholipid con
tent in HL60 cells (AraC 12.5 
jlg/rnlfor 5 h,lysoPC 10 jlg/rnl 0 -I-.L..-~_~ 
for 20 h) 

erogeneity of this cell type. No significant 
differences in the absolute formation of 
AraC metabolites were found between the 
groups. 

The relation of the not completely phos
phorylated AraC anabolites (the sum of 
AraCMP and AraCDP) to AraCTP did not 
change during dose escalation. In contrast 
the relative abundance of AraCDP-Choline 
in relation to AraCTP was increased at high
er AraC concentration, perhaps reflecting a 
saturation of AraCDP-Choline formation at 
higher concentrations of AraC than is the 
case for AraCTP (Plunkett et a1. 1987). 

AraGP Half-Life 

AraCTP half-lives were shortest in CD341 38 
positive stem cells (median 1.9 h) and long
est in leukemic blasts (3.3 h) with mononu
clear cells of normal bone marrow featuring 
an intermediate tIl2 of 2.9 h. The differences 
between the various cell types were not yet 
statistically significant. There was consider
able variability in different samples of the 
same cell type. Again these variances were 
most pronounced in leukemic blasts (varia
tion coefficient 0.61) with some cells featur
ingAraCTP half-lives of up to 7.7 h. 

Cell Viability and Lipid Changes During AraC 
Exposure 

Cultured leukemic cells (HL60 cells) were 
exposed to 12.5 flg/ml AraC for 48 h. A sig
nificant loss of viability (60-70%) was con
sistently observed as demonstrated in Fig. 1. 
Figure 2 demonstrates that the cellular lipid 
composition featured significant decreases 
(-20 to 30%) in the contents of phophatidyl
choline (PC) - the most abundant phospho
lipid of cellular membranes. The amount of 
other phospholipids as lysophosphatidyl
choline or sphingomyeline remained un
changed. Neutral lipids (diglycerides, trigly
cerides) did not show any significant altera
tions (data not shown). In order to investi
gate the pathogenetic relevance of these lip
id changes cells were exposed first to AraC 
and subsequently to lysophasphatidylcho
line (lysoPC), a precursor of PC that readily 
incorporates into cellular membranes and 
via acylation is turned into Pc. This treat
ment resulted in almost complete reversal of 
the observed changes in lipid metabolism as 
shown in Fig. 1. 

The reversal of cellular lipid changes fol
lowing AraC treatment was accompanied by 
a significant reduction of AraC induced loss 
of viability. This effect was even more pro
nounced when cells were again exposed to 
lysoPC after 24 h. No influence of lysoPC on 
the uptake of AraC into the cells or on its me
tabolism was observed. 
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Table 2. AraCTP half-lives (median, range, standard 
deviation) in various cell types 

Cell type n Median tl/2 in h Range 

Normal bone 9 2.9 2.3 - 8.6 
1.4 

marrow 
SD 

AMLblasts 9 3.3 1.6 - 7.7 
2.0 

SD 

CD34/38+ 4 1.9 1.1 - 2.7 
SD O.S 

Discussion 

In the present study the formation of vari
ous metabolites of AraC was investigated in 
malignant and normal cells. No significant 
difference, either qualitatively or quantita
tively, could be found in the abundance of ei
ther AraCMP, -CDP, -CTP or AraCDP-cholin 
in leukemic blasts,mononuclear cells of nor
mal bone marrow and CD34/38 positive he
matopoetic stem cells. Especially no signifi
cant differences could be found between 
mononuclear cells from normal bone mar
row and CD34/38 positive hematopoetic 
stem cells. This observation suggests that for 
any further investigation into the metab
olism of AraC in non malignant hematologi
cal cells these experiments can be per
formed on unsorted mononuclear cells as a 
realistic surrogate for the hematopoetic 
stem cell. This statement has to be put into 
the context that the present investigation 
employed slightly more differentiated stem 
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Fig. 2. Viability loss following 
AraC exposure (12.5 Ilg/ml) 
without lysoPC, lysoPC dur
ing the first 24 h, lysoPC dur
ing the first 48 h 

cells than the true omnipotent - solely CD34 
positive - stem cells. Even though unlikely it 
is therefore impossible to rule out that dif
ferences in AraC metabolism might exist 
between the cells analysed in this investiga
tion (CD34/38 positive stem cells) and its 
even more primitive predecessors. 

During dose escalation AraCTP forma
tion was saturated at the highest dose level 
(5 jlg/ml AraC) which is in concordance with 
data by other authors. In all cell types the 
added amounts of AraC mono- and di-phos
phate amounted to 13-20% of the amount of 
AraCTP on a molar basis at the respective 
point in time. This ratio did not change sig
nificantly during dose escalation. Especially 
there was no tendency towards increased 
amounts of not completely phosphorylated 
AraC metabolites at dose levels that exceed
ed the one needed for the saturation of 
AraCTP formation. This finding has to be 
put into a context with the result that - after 
termination of AraC exposure - leukemic 
cells tended to retain AraCTP longer than 
their physiological counterparts. Even 
though the t1/2 of AraCTP in leukemic blasts 
has been shown to be a pharmacokinetic pa
rameter with significant correlations to pa
rameters of clinical outcome like rate and 
duration of complete remissions (Rustum et 
al. 1987) the pharmacological or metabolic 
basis responsible for differences in AraCTP 
retention have so far not been elucidated. 

Since AraC is rapidly eliminated in vivo 
only the already phosphorylated com
pounds like AraCMP and AraCDP - unable 
to leave the cell - are available for further 



synthesis of AraCTP after the end of the 
AraC exposure. Because no differences 
could be found in the amount of AraCMP / 
AraCDP between leukemic and normal cells 
it is unlikely that the prolonged synthesis of 
AraCTP from these two precursors contrib
uted significantly to the longer half-life of 
AraCTP in leukemic blasts. It is therefore 
tempting to speculate that the activity of 
AraCTP degradating enzymes (phosphatase 
activity potentially mediated by alkaline 
phosphatase and 5' -nucleotidase) is respon
sible for the clinically relevant differences in 
AraCTP t1/2 (Hiddemann et al.1992). 

Unlike AraCMP / AraCDP there was a 
trend towards increasing amounts of 
AraCDP-choline even at AraC concentra
tions that were sufficient to saturate AraCTP 
formation. This finding might be due to a 
saturation curve of AraCDP-choline forma
tion that is shifted to the right compared to 
AraCTP. The potential relevance of this find
ing is due to the observation that a superior 
antileukemic activity of high dose AraC reg
imens were observed, during which AraC 
plasma levels significantly exceed the con
centrations needed for the saturation of 
AraCTP formation. Since AraCDP-choline 
tends to increase even after AraCTP forma
tion has plateaued AraCDP-choline mediat
ed mechanisms of action might be of rele
vance at these high dosages. 

The second part of this investigation was 
therefore focused on a potential pharmco
dynamic action of AraCDP-choline: a dis
turbance of phospholipid metabolism 
could result from AraCDP-choline mediat
ed inhibition of phosphatidylcholine (PC) 
synthesis (the most abundant phospholipid 
in cellular membranes) due to its structural 
similarity to CDP-choline, a physiological 
precursor of PC synthesis. In fact during ex
posure ofleukemic cells (HL60) to AraC cel
lular PC content was significantly reduced. 
In contrast other phospholipids [lysophos
phatidyl choline (lysoPC), sphingomyeline 
(SM)] and neutral lipids remained un
changed. The cytotoxic relevance of these 
changes were determined by antagonizing 
the AraC induced PC decreases by adding 
another precursor of PC synthesis. LysoPC 
readily incorporates into cellular mem
branes and is formed into PC via acylation -

a CDP-choline independent mechanism. In 
fact the addition of lysoPC to AraC exposed 
cells resulted in a complete reversal of the 
observed lipid changes. This effect was not 
due to altered AraC uptake into cells or 
changes in AraC metabolism since these 
variables remained unchanged during ly
soPC exposure. 

The reversal of AraC induced lipid chang
es was accompanied by a significant reduc
tion of the AraC induced loss of viability 
(tested by trypan blue exclusion). This was 
most pronounced when lysoPC was applied 
not only during the first 24 h after AraC ex
posure but also during the following 24 h, 
suggesting a prolonged inhibitory effect of 
AraC on PC synthesis. 

The most likely -lipid dependent - mech
anism for the observed loss of cell viability is 
the destabilization of cellular membranes 
which has also been observed after PC alter
ations from other causes. Aside from these 
structural changes caused by the interfer
ence of AraC with the phospholipid metab
olism functional changes, i.e., alterations in 
phospholipid dependent signal transduc
tion pathways, are another potential mecha
nism of AraC induced cytotoxicity. Especial
ly activation of protein kinase C (PKC) fol
lowing AraC exposure (Emoto et al. 1996; 
Brach et al.1992) and consequent activation 
of downstream signal transduction path
ways might be the result of AraC induced ris
es in DAG (diacylglycerol) - a second mes
senger known to activate certain isoen
zymes of PKC - from the inhibition of PC 
synthesis (Nishizuka 1992). 

In conclusion these investigations suggest 
that a differential metabolism of AraC - ei
ther qualitatively or quantitatively - is un
able to explain the relative selectivity of this 
antimetabolite for leukemic cells as com
pared to normal cells. Instead enzymatic ac
tivity responsible for the degradation of 
AraCTP might constitute a factor that differ
entiates susceptible cells from more resist
ant counterparts. 

At high AraC concentrations the pharma
co dynamics in HL60 cells seem to involve 
perturbations of the cellular lipid metab
olism by reduction of PC content resulting in 
a higher susceptibility to membrane lysis. So 
far the exact mechanisms how AraC - most 
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likely via its metabolite AraCDP-choline -
influences the phospholipid metabolism re
mains to be established. 
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Interaction of l-~-D-Arabinofuranosylcytosine with Lipid Metabolism 
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Abstract. We have studied the effects of 1-13-
D-arabinofuranosylcytosine (ara-C) and 
other deoxycytidine analogs on lipid metab
olism and cell death. The hypothesis is that 
ara-C affects lipid metabolism and causes 
cellular differentiation and/or apoptosis. 
Ara-CDP-choline is an ara-C metabolite that 
has been identified in ara-C-treated cells. 
Two possible pathways for ara-CDP-choline 
formation are through the catalytic activity 
of CTP:phosphocholine cytidylyltransfe
rase or CDP-choline: 1,2-diacylglycerol cho
linephosphotransferase, two enzymes in the 
CDP-choline pathway for phosphatidylcho
line biosynthesis. The ara-C metabolite, ara
CMP, is a substrate for cholinephospho
transferase, Km = 1.4 mM. However, ara-CTP 
is not a substrate for the cytidylyltransferase 
in the same biosynthetic pathway. In vitro, 
ara-CMP reverses the activity of choline
phosphotransferase catalyzing the conver
sion of ara-CMP and phosphatidylcholine to 
ara-CDP-choline and diglyceride. Ara-CDP
choline has no known function while digly
ceride activates protein kinase C leading to 
downstream signaling events. These down
stream events include the phosphorylation 
and activation of deoxycytidine kinase, the 
rate limiting step in the conversion of ara-C 
from a prodrug to its active form, ara-CTP. 
The activation of protein kinase C also in
duces cellular differentiation. Furthermore, 
ara-C increases the intracellular levels of 
ceramide through the action of a neutral 

sphingomyelinase. The increase in ceramide 
is an intracellular signal for the cell to 
undergo differentiation and apoptosis. Ara
C-induced diglyceride and ceramide signal
ing pathways are complementary or con
verging with respect to cellular differentia
tion and possibly antagonistic with respect 
to apoptosis. In conclusion, the effects of 
ara-C on lipid metabolism appear to be 
through two mechanisms; 
1. the activation of PKC and subsequent 

cellular differentiation anQ. 
2. the formation of ceramide and subse

quent initiation of apoptosis. 

Chemotherapy regimens in the future 
should capitalize on the signaling mecha
nisms involved in ara-C cytotoxicity to im
prove the efficacy of this drug and other de
oxycytidine antimetabolites. 

Introduction 

Although ara-C is an effective and widely 
used agent for the treatment of AML, full 
elucidation of its cellular mechanism(s) of 
action has not been realized. Ara-CTP is a 
competitive inhibitor of DNA polymerase 
that competes with dCTP for incorporation 
into DNA [1]. Ara-CTP incorporation into 
DNA results in the termination of DNA elon
gation [2], and the extent to which ara-C is 
incorporated into DNA has been correlated 
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with decreased cell survival [1, 3]. Several 
other cellular effects of ara-C have been not
ed including: impaired replicon initiation 
[4], fragmentation of nascent DNA [5], and 
induction of double replication of some 
DNA fragments [6]. Moreover, ara-C has 
been associated with the initiation of apop
tosis [7-11]. Based on the available evidence, 
we believe that there are a number of mecha
nisms involved in the cytotoxicity of ara-C 
including DNA effects as well as effects that 
ara-C may have on phospholipid metab
olism. 

Ara-CDP-choline is a metabolite of ara-C 
that has been identified in cultured cells, as
cites cells and leukemic blast cells isolated 
from AML patients [12-15]. Lauzon et al. 
[12,13] also identified ara-CDP-ethanola
mine in cells treated with ara-C. Ara-CDP
choline has no known cellular function yet it 
has a relatively long half-life [14,15]. The 
biosynthetic pathway for phospholipid bio
synthesis is dependent upon cytidine coen
zymes such as CDP-choline [16] and dCTP 
[17]. In addition, ara-C stimulates the for
mation of the sphingolipid, ceramide. 
Therefore, it is hypothesized that the ara-C 
metabolite, ara-CDP-choline, and ceramide 
playa role in phospholipid [18] and sphin
golipid metabolism [19]. 

Differentiation and programmed cell 
death or apoptosis are two terminal process
es in cellular growth. Differentiation of leu
kemia cells has been identified in cells treat
ed with ara-C [20-23]. This differentiation is 
mediated through an as yet unknown mech
anism possibly involving protein kinase C 
(PKC). PKC activity is increased in cells 
treated with ara-C [24]. Furthermore, recent 
evidence has determined that apoptosis is 
activated in cells treated with ara-C. Thus, 
several signaling pathways within the cell 
are stimulated through the action of ara-C 
and are affected by lipid mediators. 

Material and Methods 

Ara-C (Upjohn) was dissolved in sterile 
deionized water. TPA was purchased from 
LC Services and stored in DMSO (experi
mental DMSO concentrations never exceed
ed 0.03%). ET-18-0CH3 (Medmark Pharma, 
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GmbH, Grunwald, Germany), and C2-cera
mide (Matreya) were stored at -20°C. Vehi
cle controls were included and were consis
tently found to be without effect on the pa
rameters studied. E. coli diglyceride (DG) 
kinase was purchased from Calbiochem. 
CTP, dCTP, ara-CTP, CMP and ara -CMP were 
obtained from Sigma Chemical Co. (St. 
Louis, MO), [5-3H]CMP (25 Ci/mmol), [5,6-
3H]ara-CMP ammonium salt (10 Ci/mmol), 
[2-14C]-2'-deoxycytidine, (56 Ci/mmol), and 
[5-3H]ara-C (25 Ci/mmol) were from Mora
vek Biochemicals Inc. (Brea, CA). [Methyl-
3H]choline chloride (88 Ci/mmol) was from 
New England Nuclear (Boston, MA). Puri
fied PKCa. was obtained from Gibco BRL 
Life Technologies (Gaithersburg, MD). [-y-
32p]ATP ammonium salt (4000 Ci/mmol) 
was from ICN Biomedicals (Irving, CA). All 
other chemicals were reagent grade or better 
and were obtained from either Sigma or 
Fisher. 

L5178Y murine leukemia cells were 
grown in Fischer's medium supplemented 
with L-glutamine, penicillin and streptomy
cin (Gibco, Grand Island, NY) and 10% horse 
serum. HL-60 cells were grown in RPMI 
1640 supplemented with L-glutamine, peni
cillin and streptomycin and 10% fetal bovine 
serum. The cells were routinely passaged 
three times weekly. The cultures were grown 
at 37°C in an atmosphere of 5% CO2: 95% 
air. Exponentially growing cells were used 
for all experiments. 

CTP:Phosphocholine Cytidylyltransferase Activity 

Cytidylyltransferase was prepared from 
L5178Y murine leukemia cells as previously 
described [18]. Enzyme activity was moni
tored according to the method of Weinhold 
et al. [25] as modified in [18] with CTP, ara
CTP, or dCTP and [methyVH]phosphocho
line (as prepared elsewhere [26]) as sub
strates. The reaction mixture contained 
1 mM [methyVH]phosphocholine, 6 mM 
magnesium acetate, 75 mM Tris-succinate, 
pH 6.5, total volume was 100 Ill. The enzy
matic reaction was stopped by boiling, and 
the reaction product, x-CDP-[methyl-
3H]choline (x-CDP-choline refers to either 
CDP-choline, ara-CDP-choline or dCDP-



choline) was separated from the [methyl-
3H]phosphocholine substrate by ion-ex
change chromatography on minicolumns 
made up of 1 ml bed volume of DEAE-Se
phadex A-2S according to the method of 
Yang et al. [14]. The columns were eluted 
with 4 ml of H20 followed by 4 ml of 0.12 M 
TEA formate, pH 6.5. [MethyVH]phos
phocholine eluted from the DEAE-sephadex 
with the H20 wash, and the x-CDP-[methyl-
3H]choline eluted from the column with 0.12 
M TEA formate. Data are reported as nmoles 
of x-CDP-choline produced/min/mg of pro
tein. 

CDP-Choline:l,2-Diacylglycerol 
Cholinephosphotransferase Activity 

Microsomes containing cholinephospho
transferase activity were prepared from son
icated LS178Y murine leukemia cells as de
scribed [18]. Cholinephosphotransferase 
activity was monitored in the reverse reac
tion by a modification of the method of Go
racci et al. [27] using [3H]CMP (10000 
dpm/assay) or [3H]ara-CMP (10000 
dpm/assay) as substrates. The reaction mix
turecontained lSmMNaF, lOmMMgCI2,0.1 
M Tris,pH 7.4,0.5 to 2 mM CMP and/or ara
CMP, and 50 III microsomes (0.2-0.3 mg of 
protein per assay) as obtained above in a to
tal reaction volume of 100 Ill. Two mM AMP 
was added to each reaction to inhibit 5'-nu
cleotidase. Each assay also contained 10 
nmol of exogenous phosphatidylcholine 
(Sigma Type XI-E from egg yolk) that was 
co-sonicated with the microsome prepara
tion (50 Ill) prior to addition to the reaction. 
Blanks contained all but the microsome 
preparation. The reaction was initiated by 
the addition of the microsome preparation 
and was stopped after 20 min by boiling for 
2min. X-CDP-choline was separated from 
xCMP by the method of Yang et al. [14] on 
minicolumns of 4 ml bed volume DEAE-se
phadexA-2S ion-exchange resin eluted with 
8 ml H20 followed by 8 ml 0.12 M TEA for
mate, pH 6.5 (x-CDP-choline fraction) and 
8ml 0.22 M TEA- formate, pH 6.5 (x-CMP 
fraction). Data are reported as nmoles of x
CDP-choline produced/min/mg of protein. 

Measurement of Diglyceride 
and Ceramide Concentrations by DG Kinase 

Ara-C (10 IlM final) was added to HL-60 cells 
(2.5-3.0 3 105 cells/ml in 2.5 mllassay) for a 
specified period of time. Cell numbers and 
viability were determined using a hemacy
tometer and the Trypan blue exclusion as
say. Incubations were terminated by centrif
ugation of equal cell numbers of each sam
ple in glass 100315 mm tubes. Dead cell de
bris was removed by aspirating the superna
tants and the cell pellets were resuspended 
in 2.0 ml of methanol. Total lipids were ex
tracted using the method described by Bligh 
and Dyer [28]. To determine diglyceride and 
ceramide amounts, a modified DG kinase 
assay was performed [19,29,30]. The reac
tion products, [32P]phosphatidic acid and 
ceramide-1-[32P]phosphate were isolated 
by organic extraction and resolved by thin
layer chromatography. DG and ceramide 
mass amounts (pmol/106 cells) were deter
mined by liquid scintillation counting and 
based on standard curves and number of 
cells used. 

Measurement of Diradylglycerol Subclasses by HPLC 

LS178Y cells (5 X 105 cells/ml) were incubat
ed at 37°C with increasing concentrations of 
ara-C for 24 h. Cells (5 X 108 total cells/con
dition) were harvested by centrifugation 
and aspiration of media supernatants. Lip
ids were extracted by the method of Bligh 
and Dyer [28]. Phospholipid content was 
measured by the method of Rouser et al. 
[31]. In preparation for HPLC analysis, di
glycerides from the samples were separated 
from other lipids by TLC, the lipids migrat
ing with an Rf value similar to an authentic 
diglyceride standard were recovered from 
the silica gel and derivatized with ben
zoylchloride in pyridine [32]. The deriva
tized diglyceride subclasses were separated 
by HPLC on a normal phase silica column as 
described earlier [32]. Quantitation of the 
subclasses was made based on areas under 
the curves of known amounts of benzoylat
ed diglyceride standards also subjected to 
HPLC. 
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Deoxycytidine Kinase Activity 

L5178Y cells (3 X lOs/ml) were treated with 
50 nM TPA for various periods of time. At 
the indicated time an aliquot (1 ml) of the 
cell suspension was removed, the cells were 
disrupted by sonication, and dCyd kinase 
activity was measured using p4C]dCyd as a 
substrate according to the method of Cheng 
et al. [33]. 

PKC Phosphorylation of MARCKS 

Phosphorylation of MARCKS (myristylated 
alanine-rich C-kinase substrates, p80) pro
teins were monitored as a measure of endog
enous PKC activity in response to TPA or 
ara-C according to the method of Chepenik 
and Halstead [34]. L5178Y cells were labeled 
with [3 P] for 60 min. The cells were washed 
twice with phosphate buffered saline, pH 7.2 
(PBS) and treated with TPA or ara-C for up 
to 120 min. Following the incubation period 
the cells were precipitated, resuspended in 
SDS-PAGE sample buffer. The samples were 
boiled, centrifuged and the resulting super
natant containing the heat stable MARCKS 
proteins was loaded onto a 10% SDS-PAGE 
gel. The proteins were separated by electro
phoresis, the gel was dried and radiolabeled 
proteins were visualized by autoradiogra
phy. The proteins migrating at 80 kDa were 
excised from the gel and quantified by scin
tillation counting. 

DNA Fragmentation 

DNA fragmentation was analyzed by con
ventional agarose gel electrophoresis as re
ported previously (10). HL-60 cells (0.5-1 X 
106) were treated with the indicated agents. 
Following treatment, the cells were washed 
with serum-free ice-cold PBS. The cell pellet 
was lysed in 50 ~llysis buffer (10 mM Tris
HCI, pH 7.4,20 mM EDTA, and 100 mM 
NaCl) containing 200 ng/ml RNAse A. After 
1 hat 37°C the lysate was diluted to 300 III in 
the same buffer but containing 225 ng/~l 
Proteinase K and 0.5% SDS and incubated at 
50°C for 16 h. Total genomic DNA was iso
lated by phenol/chloroform extraction and 
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ethanol precipitation. The DNA was resus
pended in 10 mM Tris-HCI, pH 8,20 mM 
EDTA. Equal DNA was loaded into wells of a 
2% agarose gel and DNA fragments were re
solved by electrophoresis at 115 volts for 90 
min. A 200-bp DNA ladder, for molecular 
size reference was run in parallel. DNA was 
visualized by ethidium bromide staining 
and exposure to UV light. 

Results 

Ara-CDP-Choline Formation 

Since ara-CDP-choline had been identified 
as an ara-C metabolite, it was of interest to 
determine the pathway leading to the forma
tion of this metabolite. Possible mechanisms 
responsible for the formation of ara-CDP
choline include CTP:phosphocholine cytid
ylyltransferase and CDP-choline:1,2-diacyl
glycerol cholinephosphotransferase, two en
zymes in the biosynthetic pathway for phos
phatidylcholine biosynthesis. To determine 
which enzyme was responsible for the for
mation of ara-CDP-choline, cytidylyltrans
ferase and cholinephosphotransferase were 
partially purified from mouse leukemia 
L5178Y cells and the enzymatic activities of 
these enzymes were measured using the ap
propriate substrates. 

In the cytidylyltransferase assay system, 
cytidylyltransferase showed an activity of 
1.05 and 0.56 nmo1!min/mg when CTP or 
dCTP were used as substrates, respectively 
(Table I). However, ara-CTP was not a sub
strate for this reaction. In addition, when 

Table 1. CTP:phosphocholine cytidylyltransferase 
activity 

Substrate 

2mMCTP 
2mMara-CTP 
2mMdCTP 
2 mM ara-CTP+2 mM CTP 
4mMCTP 

n.d. not detected. 

nmo1!min/mg 

1.05 
n.d. 
0.56 
0.65 
1.02 

Cytidylyltransferase activity was measured using 
PH]phosphocholine plus the indicated substrate as 
described in Materials and Methods (data from 
[18]). 



equal molar amounts of CTP and ara-CTP 
were included, ara-CTP inhibited the reac
tion by approximately 60% suggesting a sub
strate dilution effect since a Ki value of 6 mM 
was determined for ara-CTP inhibiting the 
conversion of CTP + phospho choline to 
CD P-choline via cytidylyltransferase [18]. 

The other possible source of the ara-CDP
choline is through reversal of the choline
phosphotransferase. This enzymatic activ
ity has previously been reported in the liter
ature [27,35,36]. Using [3H]CMP or [3H]ara
CMP and a preparation of cholinephospho
transferase from mouse leukemia L5178Y 
cell micro somes it was determined that ara
CMP was, in fact, a substrate for the choline
phosphotransferase (Table 2). 

Diglyceride and Ceramide Formation 

Since it was determined that ara-CDP-cho
line can be formed from the reverse activity 
of cholinephosphotransferase, the meas
urement of diglyceride formation was 
undertaken to confirm the previous results. 
HL-60 cells incubated with 10 11M ara-C for 
increasing time exhibited a 2-fold increase 
in diglyceride content by 12 h. This increase 
persisted for at least 24 h (Fig. 1). Diglyce
ride levels in control cells were not changed 
during this time period. Ceramide levels, 
measured simultaneously with the diglyce
ride levels reported above, indicated that 
the intracellular concentration of ceramide 
increased 3-fold during the same time peri
od (Fig. 2) and these levels of ceramide per
sisted for at least 24 h. As with the diglyce
ride levels in the control cells, ceramide lev
els were unchanged under control condi
tions. 

The subclasses of diglycerides induced by 
ara-C were of interest since different digly
cerides have distinct intracellular responses 
[37,38]. In order to determine the species of 
diglyceride that ara-C induces, diglyceride 
subclasses were determined using HPLC. In 
comparing alkenylacyl-, alkylacyl- and dia
cylglycerols from L5178Y cells treated with 
0, 10 and 100 11M ara-C for 24 h, there was 
little increase in either alkenylacyl- or alky
lacyl-linked diglycerides. The greatest in
crease was observed in the diacylglycerol 

Table 2. CDP:1,2-diacylglycerol cholinephospho
transferase activity 

Substrate V max Km (mM) K j (mM) 
(nmol/min/mg) 

CMP 0.78 
ara-CMP 0.22 

0.34 
1.4 3.0 

Reverse CDP:1,2-diacylglycerol cholinephospho
transferase activity was measured using either 
[3H]CMP or [3H]ara-CMP as substrate and forma
tion of radiolabeled CDP-choline or ara-CDP-cho
line was measured as described in Materials and 
Methods. V max and Km values were calculated from 
double reciprocal plots (data from [18]). 

:i A T Gi 
(,) 80 

CQ 1 CI 
~ control ... 

~ 60 ___ ara-C 
E T 

Eo 
CD 1 

"0 .;: 

8 
>0-

20 c;, 
'6 0 6 12 18 24 

Time (hour) 

:i 300 

~ 
Gi 250 

---B- control -

(,) 

CQ 
CI 200 :!: 
'0 150 -- araC E 
Eo -CD 100 
"0 
'E 50 
[! 
CD 0 (,) 

0 6 12 18 24 

Time (hour) 

Fig. 1. Diglyceride and ceramide levels in ara-C-treat
ed HL-60 cells. HL-60 cells were stimulated with 
(solid symbols) or without (open symbols) 10 flM 
ara-C over the period indicated. At the times indi
cated, amounts of diglyceride and ceramide from 
1 X 106 cells were determined by the DG kinase as
say as described in Materials and Methods. The re
sults are depicted as filled and open circles diglyce
ride (pmols/106 cells ± s.d., n = 3) (A), filled and 
open squares cerami de (pmolsl1 06 cells ± s.d., n = 3) 
(B). The data are representative of three separate de
terminations 

subclass following the 24 h exposure of the 
cells to ara-C (Fig. 2). Therefore, it can be in
ferred that the increase in diglycerides ob
served in Fig. 1 was due mainly to an in
crease in the diacylglycerol subclass. 
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Fig. 2. Diglyceride subclasses 
in ara-C-treated LS178Y 
cells. LS178Y cells were ex
posed to 0, 10 or 100 11M ara
C for 24 h. The resulting di
glycerides were extracted, 
chromatographed on TLC, 
derivatized and quantified 
by HPLC as described in Ma
terials and Methods. Points 
are the mean ± the range of a 
representative experiment. 
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PKC Activation 

Activation of PKC following treatment with 
ara-C has been reported earlier [24]. We 
have further characterized this PKC activa
tion and below are experiments aimed at 
understanding the effects of altered PKC ac
tivity in ara -C treated cells. 

In L5178Y cells treated with 10 nM TPA, a 
20% increase in deoxycytidine kinase activ
ity was observed within the first 10 min of 
treatment. The deoxycytidine kinase activ
ity quickly reached a maximum and re-

120 
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Fig.3. In situ activation of dCyd kinase activity with 
TPA. LS178Y cells were treated as described in Mate
rial and Methods. Points are plotted as a percent of 
control and represent the mean ± s.e. of 3 experi
ments done in duplicate 
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100 cerol, filled circles are alke
nylacylglycerol and filled tri
angles are alkylacylglycerol 

turned to an activity level below that of the 
initial level after 2 h (Fig. 3). 

Because of the initial rise in dCyd kinase 
activity, we used purified PKC and deoxycy
tidine kinase in vitro experiments to deter
mine if dCyd kinase was a substrate of PKC 
and what effects phosphorylation by PKC 
had on dCyd kinase activity. In vitro incuba
tion of dCyd kinase with PKC and h_32p]_ 
ATP lead to a rar,id and sustained increase in 
the amount of [ 2p] associated with dCyd ki
nase [39]. This result suggests that specific 
phosphorylation of dCyd kinase was occur
ring. This phosphorylation was readily ob
servable on SDS-polyacrylamide gel electro
phoresis of the deoxycytidine kinase follow
ing the incubation with PKC and the radio
labeled ATP. Furthermore, phosphorylation 
of the deoxycytidine kinase by PKC resulted 
in an increase in the deoxycytidine kinase 
V max from 52 to 104 nmollmin/mg of protein 
and an increase in the Km from 2 to 6.9 flM 
[39]. 

To observe ara-C-activation of PKC in 
vivo we used a method described by Chepe
nik and Haystead [34]. This method makes 
use of the specific heat stable PKC substrate, 
MARCKS that has been previously charac
terized by others [40,41]. Increase in PKC 
specific phosphorylation of MARCKS in re
sponse to ara -C treatment is shown in Fig. 4. 
Clearly, ara-C treatment of the L5178Y cells 
caused a 3-fold increase in the phosphoryla
tion of the PKC specific substrate as a func-
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Fig.4. PKC phosEhorylation 
of MARCKS in [ PL-labeled 
L5178Y cells. L5178Y cells 
were prelabeled with [32Pl as 
described in Materials and 
Methods and treated with ei
ther TPA or ara-C at the indi
cated dose. MARCKS pro
teins were isolated as de
scribed and quantified fol
lowing excision from the 
SDS-PAGE gel by scintilla
tion counting 
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tion of time. TPA, a known stimulator of PKC 
activity, also increases phosphorylation of 
the MARCKS protein. There is no increased 
phosphorylation of the PKC substrate in the 
absence of ara-C or TPA. Neither ara-C nor 
ara-CMP are able to activate purified PKC in 
vitro (personal communication L. Ballas); 
therefore, ara-C, indirectly, must activate 
PKC. 

Differentiation and Apoptosis 

Low doses of ara-C can induce cellular diffe
rentiation in vitro. This may be related to the 
formation of diglycerides and ceramides 
following ara-C treatment. This is signifi
cant since these two lipid metabolites have 
been shown to accumulate in cells upon 
treatment with ara-C and induce monocytic 
differentiation [42-48]. Furthermore, PKC 
has been identified as a differentiating agent 
in hematopoietic cells [49-51]. Therefore, 
TPA, was used to stimulate PKC in L5178Y 
cells followed by the addition of ara-C, and 
clonogenic efficiency was measured (Fig. 5). 

At a dose of 0.5 IlM ara-C there is little de
crease in cloning efficiency with the addi
tion of TPA. However, at 1 and 10 IlM ara-C, 
the addition of TPA produced an additive 
decrease in cloning efficiency. This decrease 
in clonogenic survival may be due to in
creased differentiation of cells as a result of 
PKC activation. 
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Fig. 5. The effect of TPA on ara-C cytotoxicity. 
L5178Y cells were treated with or without 50 nM 
TPA for 5 min, followed by the addition of ara-C (0, 
0.5,1,10,100 flM). The cells were allowed to incubate 
for 3 h, then were washed with drug-free medium. 
Clonogenic assay on soft agar was completed and 
cloning efficiency reported as a percent of control 

HL-60 cells undergo classic DNA fragmenta
tion representative of apoptosis. This is 
illustrated by laddering the DNA on an aga
rose gel in a time and dose-dependent man
ner in response to ara-C. Figure 6 illustrates 
the laddering pattern of fragmented DNA 
following IIlM ara-C treatment for 4 h (lane 
7) and the inhibition of ara-C-induced DNA 
fragmentation by TPA (lanes 8-11). TPA by 
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itself does not induce DNA fragmentation 
under the conditions used (lanes 3-6). TPA 
(50 nM) inhibits the degree of internucle
osomal DNA fragmentation in a time depen
dent manner. 

Discussion 

AML is a chemotherapy-sensitive neoplasm, 
but drug resistance remains a major obs
tacle to cure. At the onset of therapy approx
imately 10% of patients are drug resistant, 
and approximately 65% achieve complete 
remission. Of the patients achieving com
plete remission, 80% will relapse at some 
point and eventually die with drug-resistant 
AML [52]. Clearly, new therapies are neces
sary for the treatment of this disease. Labor
atory experiments have linked the cytotoxic 
effects of ara-C with its degree of incorpora
tion into DNA [1,2] and clinical pharmaco
logical data are consistent with these obser
vations [53]. However, recent evidence sug
gests that additional mechanisms are in
volved with ara-C cytotoxicity. The goal of 
this report is to describe additional mecha-
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Fig. 6. Agarose gel electro
phoresis of ara-C-treated 
HL-60 DNA in the presence 
of TPA. HL-60 cells were 
treated with or without 1 jlM 
ara-C for 4 h. Where indi
cated, the cells were also 
treated with 50 nM TPA 
alone or in combination with 
ara-C for the indicated time. 
Following the incubation pe
riod, the cellular DNA was 
extracted as described in 
Materials and Methods and 
resolved by electrophoresis 
on a 2% agarose gel. The 
DNA was stained with ethid-
ium bromide and visualized 
by UV light 

nisms of ara-C action that may be exploited 
to optimize drug efficacy and to provide a 
rationale for ara-C combination chemother
apy. 

With the advent of high dose ara-C 
chemotherapy, patients who were refractory 
to conventional doses of ara-C, exhibited a 
renewed response to therapy. Clinical obser
vations of these patients receiving high dose 
ara-C revealed a unique phenomenon in 
that these patients exhibit a rapid lysis of 
leukemic blasts (36-48 h) whereas patients 
treated with standard dose ara-C have a low
ering of their WBC count over the course of a 
week [54]. Therefore, it is hypothesized that 
ara-C affects cells in ways that are inconsis
tent with DNA alterations since the cell cycle 
time of circulating blast cells is 76 h [55]. 
Moreover, ara-C has cytotoxic effects on 
postmitotic neurons, that are not presum
ably synthesizing DNA [56]. 

Early studies indicated that an increase in 
the turnover or synthesis of phosphatidyl
choline followed the treatment of cultured 
cells with ara-C [57,58]. Since phospholipid 
biosynthesis is dependent on cytidine con
taining coenzymes, it can be inferred that 



ara-C plays a role in lipid metabolism. It has 
been suggested that there are different pools 
of deoxyribonucleosides [59]. One pool is 
for the synthesis of DNA and another pool 
for the metabolism of phospholipids. Fur
thermore, it has been suggested that ara
CDP-choline and dCDP-choline are synthe
sized from separate pools in lymphoma cells 
[60]. In the presence of unlabeled ara-C, syn
thesis of dCDP-choline was not inhibited 
when eH]dCyd was used as a precursor. 
Furthermore, ara-C enhances the labeling of 
dCDP-choline in lymphoma cells. 

From Tables 1 and 2 it can be seen that the 
ara-C metabolite, ara-CDP-choline, is de
rived from the reverse activity of choline
phosphotransferase. This ara-C metabolite 
has been identified since 1978 [12,13]. How
ever, to date it has no known cellular func
tion. It was originally presumed that ara
CDP-choline was derived from ara-CTP 
through the catalytic activity of cytidylyl
transferase. However, ara-CTP was not uti
lized as a substrate by cytidylyltransferase 
whereas CTP and dCTP were catalyzed to 
CTP- and dCTP-choline (Table l). The only 
other pathway available for the synthesis of 
ara-CDP-choline was through the reverse 
activity of cholinephosphotransferase. Table 
2 shows evidence that ara -CMP is the pre
cursor for ara-CDP-choline. As stated earli
er, ara-CDP-choline has no known cellular 
function at the present time, nevertheless, 
the other product of this reaction, diglyce
ride, does have known cellular signaling 
functions. 

Diglyceride formation in ara-C treated 
cells was observed with two different experi
mental methods (Fig. 1 and 2). Figure 1 not 
only shows that diglyceride levels are elevat
ed in ara-C-treated cells, but that ceramide 
levels are also elevated. The increased digly
ceride can activate PKC since increased PKC 
activity has been observed in ara-C treated 
cells [24]. The ceramide that is produced fol
lowing ara-C treatment is a result of neutral 
sphingomyelinase activity [19]. Figure 2 in
dicates that the primary diglyceride pro
duced in ara-C-treated cells is of the diacyl
glycerol subclass. While the alkenylacyl- and 
alkylacylglycerol subclasses are only formed 
in small amounts in response to ara-C treat
ment. These ether-linked diglycerides have 

been shown to have inhibitory effects on di
glyceride-induced PKC activity [38]. 

Since increased PKC activity has been 
measured in ara-C treated cells, we were 
interested in downstream effects of ara-C 
metabolism. Treatment of L5178Y cells with 
TPA increased the activity of dCyd kinase, 
the rate limiting enzyme in ara-C anabolism 
at early time periods. After 15 min the dCyd 
kinase activity began to decrease and went 
to a level 75% of the initial activity by 2 h. 
This decrease in activity may have been due 
to competing phosphorylation/dephos
phorylation reactions. Nevertheless, these 
data suggest that PKC activity increases ara
C anabolism at early time points. 

Ara-C-induced activation of PKC activity 
has been observed previously [24]. Down
stream effects of this increased PKC activity, 
appear to be the in vitro phosphorylation 
and activation of dCyd, reduction in clonog
enicity (Fig. 5) and reduced internucleoso
mal DNA fragmentation (Fig. 6). Because 
TPA has been shown to be a cellular differen
tiating agent, it is tempting to assume that 
the increased cytotoxicity of the ara-C/TPA 
combination is due to increased differentia
tion of the treated cells. Clearly, from Fig. 6, it 
can be seen that the addition ofTPAdoesnot 
increase the degree of DNA fragmentation 
resulting from ara-C treatment. In fact, TPA 
inhibits the DNA fragmentation observed 
with ara-C. Furthermore, inhibition of PKC 
activity by ET-18-0CH3 in combination 
with ara-C increases the DNA fragmentation 
observed with apoptosis (S. P. Whitman, 
Ph.D. dissertation). We have observed phe
nomenon similar to that reported here with 
other deoxycytidine analogs such as 2,2-di
fluorodeoxycytidine. Therefore generaliza
tions to other deoxycytidine analogs can be 
made. 

In summary, we suggest that ara-C plays a 
multifunctional role in cytotoxicity related 
to lipid metabolism. Ara-C induces the for
mation of two lipid second messengers, di
glyceride and ceramide. The diglyceride ac
tivates PKC leading to cellular differentia
tion. Activated PKC can also inhibit apopto
sis. The mechanism for this inhibited apop
tosis is currently under investigation and is 
thought to involve Bcl-2 (S. P. Whitman, 
Ph.D. dissertation). Early activation of PKC 
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also increases the amount of ara-C metab
olites formed due to an increase in the activ
ity of dCyd kinase. Furthermore, inhibition 
of PKC in conjunction with ara-C treatment 
results in increased apoptosis as measured 
by DNA fragmentation. The other second 
messenger identified in ara-C treated cells is 
cerami de. This important lipid second mes
senger is known to stimulate cells to under
go apoptosis as well as affect cellular differ
entiation. Therefore, in designing clinical 
strategies for the treatment of AML one 
must consider the potential interactions of 
combination chemotherapies. Combination 
chemotherapies should take advantage of 
the known signaling pathways in order to 
optimize therapeutic efficacy. 
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Cellular Metabolism and T -ALL Specificity of Arabinosylguanine: 
a Review 
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Abstract. A metabolic disorder resulting from 
deficiency of a purine nucleoside cataboliz
ing enzyme first focused attention on the 
specific sensitivity of immature T -cells to de
oxyguanosine nucleotides. Recognition that 
T-cell malignancies might have similar sen
sitivities coupled with the clinical success of 
other arabinosyl nucleosides subsequently 
led to the preclinical evaluation of arabino
sylguanine for this purpose. Strong correla
tions between the specificity of arabinosyl
guanine for immature T-cells was explained 
by the favorable anabolism of the drug in cell 
lines and primary human leukemia cells in 
vitro. Development of a prodrug of ara-G, 
compound 506U, has now permitted clinical 
trials. Preliminary reports indicate that the 
laboratory studies were predictive of the 
spectrum of clinical activity; a high initial re
sponse rate was seen in T-cell malignancies. 
Pharmacology studies in circulating leuke
mia cells during therapy demonstrated that 
the peak accumulation of the active metab
olite, arabinosylguanine triphosphate, was 
strongly correlated with clinical response. 
Strategies to maximize accumulation of the 
triphosphate in non-T-cell malignancies are 
now being designed. 

Introduction 

In the early 1960s, arabinosyl nucleosides of 
cytosine [1] and adenine [2] had been 
shown to have impressive cytotoxicity in 

bacterial and mammalian cell systems. 
Hindsight assures that these initial findings 
were soon to form the basis for the clinical 
development of arabinosylcytosine, and 
eventually of fludarabine. 

Synthesis of Arabinosylguanine 

Synthetic chemistry efforts clearly reflected 
the expectation that arabinosyl nucleosides 
would be capable of exerting antimetabolic 
activity regardless of the nucleic acid base. It 
was this rationale that stimulated Reist and 
Goodman [3] to devise procedures for the 
chemical synthesis of9-I3-D-arabinosylgua
nine (ara-G). Deoxyguanosine is the natural 
nucleoside with which ara -G would compete 
for transport into the cell, for subsequent 
metabolism, and ultimately for incorpora
tion into DNA (Fig. l). Subsequently, ara-G 
has been synthesized enzymatically from 
two different routes. Pursuing the metab
olism and biological activities of a different 
arabinosyl nucleoside, arabinofuranosyl-
2,6,-diaminopurine, Elion et al. [4] discov
ered that this compound was deaminated by 
adenosine deaminase to generate ara-G. In
hibition of adenosine deaminase decreased 
ara-G levels. This same group also demon
strated the feasibility of enzymatic intercon
version of arabinosyluracil with purine bas
es by uridine phosphorylase to produce ara
binosylpurine nucleosides such as ara-G 
[5]. These enzymatic approaches assure the 
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Fig. 1. Structures of deoxyguanosine and arabinino
sylguanine 

exclusion of the a-anomer, which plagues 
most chemical syntheses. 

Biological Activity of ara-G 

The first studies of the biological activity of 
ara-G were reported by Brink and LePage 
[6], who demonstrated a partial inhibition 
precursor incorporation into the DNA, but 
not into the RNA or protein of TA3 tumors 
borne in the peritoneal cavity of mice that 
were injected with 0.5 mg of ara-G. There 
was, however, no evidence of therapeutic ef
ficacy against either LI210 or TA3 ascites tu
mors when mice were treated i.p. with 10 
mg/kg twice a day for 6 days. An interesting 
sidelight of these studies was the finding in 
parallel studies that radioactively labelled 
arabinosyladenine was in part converted to 
ara-G nucleotides by these tumors. Incuba
tion of ara-G for 3 days with mouse L cells 
(fibroblasts) or a line of human cells (Detroit 
98 cells) in culture indicated it was more tox
ic than the prodrug arabinosyl-2,6-diami
nopurine, but less potent than arabinosylad
enine [4]. Thus, the initial in vitro studies 
and experimental chemotherapy trials gen
erated little enthusiasm for the clinical de
velopment of ara-G. 

Rationale for T-cell Specificity 

A Metabolic Disease Identifies a Target 

Clinical interest in guanine nucleoside ana
logs was subsequently activated with the dis
covery of genetic diseases and preclinical 

data which indicated that perturbations of 
dGTP metabolism and dGTP analogs have 
specificity for normal T-cell development 
and T-cell malignancies. Giblett [7] observed 
that genetic deficiency of purine nucleoside 
phosphorylase (PNP) results in a profound 
T-cell lymphopenia, but only minor effects 
on other organ systems. Pharmacology stud
ies demonstrated that cytotoxicity was asso
ciated with elevated plasma deoxyguanosine 
[8] and the pronounced intracellular accu
mulation of dGTP in erythrocytes [9]. Mod
els of this metabolic disease demonstrated 
that immature T lymphocytes and T-Iym
phoblastoid cells were selectively sensitive to 
treatment with deoxyguanosine, whereas 
lymphocytes of B cell lineage did not accu
mulate high levels of dGTP and were much 
less sensitive to deoxyguanosine [10-12]. The 
imbalance of dNTP pools associated with 
dGTP accumulation was thought to cause 
toxicity by upsetting the regulation of ribo
nucleotide reductase and other effects that 
impair DNA synthesis [13]. 

Therapeutic Implications 

These findings immediately suggested that 
inhibitors of purine nucleoside phosphory
lase might be effective in the treatment of T
cell malignant lymphoproliferative diseases, 
or to affect specific T-cell functions such as 
tissue rejection in organ or marrow trans
plantations. However, at the time, the poten
tial usefulness of known inhibitors was lim
ited by their relatively low potency against 
the enzyme [14, 15].As an alternative, the di
rect use of deoxyguanosine as a therapeutic 
agent was also limited because of its poor 
solubility, and because the high levels of 
PNP present in RBCs would likely cleave the 
nucleoside [16]. 

T-cell Specificity of ara-G 

These limitations on therapeutic options 
caused investigators to seek out and evaluate 
analogs of deoxyguanosine; ara-G was the 
primary choice. Although earlier studies 
had suggested that ara-G was cleaved by pu
rine nucleoside phosphorylase in mouse 
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and human RBCs [4], Cohen et al. [17] sub
sequently indicated that the V max of this re
action was < 1 % of that of deoxyguanosine. 
Several laboratories have demonstrated that 
it is selectively toxic to T-Iymphoblasts rela
tive to B-Iymphoblasts or null cells [17-20], 
suggesting that immature T-Iymphoblasts 
possess biochemical properties which ren
der them highly sensitive to ara-G, and that 
these properties are not present in mature T
cells. Consistent with this conclusion is the 
finding that normal T-Iymphocytes and 
leukemic CD4+ and CD8+ cells accumulate 
lower levels of dATP and dGTP from the re
spective nucleosides than do cultured T
lymphoblasts [21]. T-cell selectivity may be 
explained in part by the high specific activ
ity of enzymes which phosphorylate deoxy
guanosine or ara-G and the relatively low ac
tivity of nucleotideases [17,20]. The accu
mulation of ara-G triphosphate (ara-GTP) is 
greater in T-cell lines than B-cell lines [17, 
19]. As with other arabinosyl nucleotides, 
ara-GTP competes with the corresponding 
deoxynucleotide (dGTP) for incorporation 
into DNA [22] and serves as an effective 
DNA chain terminator when evaluated by 
primer extension assays [23]. Incubation of 
freshly isolated leukemia cells from patients 
with T-acute lymphocytic leukemia, non-T, 
non-B-cell acute lymphocytic leukemia, 
AML, and CLL demonstrated a greater abil
ity of T-cell disease to accumulate ara-GTP 
[24]. Interestingly, cells from the same pa
tients did not differ in their ability to accu
mulate ara-CTP, and the ability to accumu
late ara-GTP was not predictive of ara-CTP 

Adenosine 
~ 

deaminase 

2-Amino-6-methoxypurlne arabinoside 
(506U) 
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accumulation in any cell type. This suggests 
that factors in addition to or other than 
phosphorylation, such as nucleotide degra
dation, may regulate differential accumula
tion of nucleotide analogs [19,24]. 

506U: A Prodrug of ara-G 

Despite this compelling evidence for its T
cell specificity and the pressing need for ac
tive agents in these diseases, ara-G had not 
been evaluated in clinical trials, probably 
due as much to the lack of a pharmaceutical 
sponsor as the low solubility of the com
pound. The recent development of the more 
soluble 6-methoxy-prodrug (2-amino-9-[3-
D-arabinofuranosyl-6-methoxy-9H -purine, 
Compound 506U) of ara-G by Burroughs 
Well come Co. has now made such trials pos
sible [25]. 

Generation of ara-G from 506U 

Compound 506U is a poor substrate for di
rect phosphorylation, which prohibits fur
ther anabolism of the parent drug [25]. 
Rather, ara-G is liberated when adenosine 
deaminase demethoxylates compound S06U 
(Fig. 2). The majority of this most likely oc
curs in the circulation by the relatively high 
levels of adenosine deaminase in RBCs, al
though large body organs such as spleen and 
especially the thymus are known to be rich 
in this enzyme. Entry of 506U into the RBCs 
is likely to be facilitated by the equilibrative 

HN~) 
H2NA-0J~N N 

HO 0 

HO 

HO Fig. 2. Demethoxylation of 
compound 506U by adeno

Arabinosylguanlne sine deaminase to generate 
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nucleoside transporter which is inhibited by 
nitrobenzylthioinosine, the sole nucleoside 
transport system in these cells. Because 
RBCs have a relatively low capacity to phos
phorylate ara-G, the analog is probably free 
to exit the cell by as yet undefined mecha
nisms and to accumulate in the blood. The 
generation of ara-G in the plasma of mon
keys infused with 506U was rapid [25]. The 
t1/2 of 506U was 11 min, reflecting the meta
bolic conversion to ara-G by adenosine de
aminase and a smaller element of renal 
clearance. In contrast, the elimination half
life of ara-G was 1.7 h. 

Cellular Metabolism of ara-G 

The generation of ara-G and its cellular me
tabolism are summarized in Fig. 3. Although 
no studies have been reported on the mech
anisms of cellular permeation of 506U, ara
G is transported into a T-Iymphoblastoid 
cells via at least two systems; the facilitative 
nucleoside transport system that is inhibit
ed by nitrobenzylthioinosine, and to a lesser 
extent by a second facilitative transporter 
that is not sensitive to this inhibitor [26]. De
spite the relatively low affinity of these 
systems, they have a generally high capacity 
that is not likely limit cellular metabolism of 
ara-G. Rather, the phosphorylation of ara-G 
to the corresponding monophosphate ap
pears to be the rate limiting step in triphos
phate formation. This phosphorylation is 
conducted by both high affinity, low specific 

DNA 
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ara-GTP 

~~ 
ara-GDP 

~~ 
ara-GMP 

~~ Ado 
508U deamlnael' .......0 
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Fig. 3. Pathway for generation and metabolism of 
ara-G 

activity mitochondrial deoxyguanosine ki
nase [27,28] and high specific activity, low 
affinity cytosolic deoxycytidine kinase [29]. 
The relative importance of each of these en
zymes for ara-G phosphorylation in cells re
mains to be determined. Subsequent phos
phorylation steps, first to the diphosphate, 
presumably by dGMP kinase, and then by 
nucleoside diphosphate kinase are required 
to generate the triphosphate ara-GTP. This is 
the proximal active metabolite which com
petes with dGTP for incorporation into 
DNA, after which the analog is resistant to 
further deoxynucleotide addition in DNA 
replication and repair reactions [22-25]. 

Clinical Evaluation of(ompound 506U 

A single phase I multi-institutional clinical 
trial and pharmacology study of compound 
506U has been reported [30-34]. Initial re
sults of the first phase I trial have demon
strated responders, predominantly in the T
cell malignancies [30-32]. Importantly, cor
relations between clinical response and the 
ability of tumor cells to accumulate and re
tain ara-GTP during therapy. Both the re
sponses seen and the laboratory correlates 
are likely to accelerate accrual and provide 
further opportunity for investigations of the 
relationship between response and the cellu
lar pharmacology of ara-G nucleotides. 

Phase I Trial of Compound S06U in Hematologic 
Malignancies 

Compound 506U was administered intrave
nously daily for 5 consecutive days to both 
adult and pediatric patients. The doses 
ranged between 10 and 75 mg/kg daily dose. 
As of the last report [32], 70 patients (45 
adults and 25 children) with relapsed or re
fractory hematologic malignancies had 
been entered. Responses were scored three 
weeks after completion of the first course. Of 
the 25 patients evaluable with T-cell ALL, 11 
achieved complete remissions and 8 at
tained partial responses. One complete re
mission and seven partial remissions were 
reported of the 12 patients with T-celllym
phomas entered, and 4 of the 6 patients with 
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T-CLL achieved partial remissions. The 3 of 
the 12 patients with B-cell disease attained 
partial responses, whereas none of the 15 pa
tients with non-lymphocytic disease re
sponded. Thus, the results of the in vitro 
studies appeared to have been predictive of 
the responses of the T-cell malignancies. 

Plasma and Cellular Pharmacology 

During this trial, it was possible to conduct 
studies of 506U pharmacology in the plasma 
of many of the patients [34]. A recent report 
of these investigations indicated a linear 
proportionality between the 506U dose and 
the concentration of the drug in plasma at 
the end of the infusion [34]. Elimination was 
rapid, with a t1/2 of 17 min. This reflected the 
appearance of ara-G in plasma, which gener
ally reached a peak at the end of the 506U in
fusion. The elimination kinetics were linear 
with a similar half-life in children (2.6 h) and 
adults (3.4 h). No correlations could be 
found in plasma pharmacokinetics with re
gard to clinical response. 

Cellular Pharmacokinetics of ara-GTP 

Pharmacokinetic studies in the circulating 
leukemia cells of 17 patients demonstrated 
that the major intracellular metabolite was 
ara -GTP [34]. Although there was an indica
tion of a dose response (20, 40, and 60 
mg/kg), the circulating T-Iymphoblasts 
from patients with T-ALL accumulated sig
nificantly greater peak ara-GTP concentra
tions (median 140 11M, n = 6) compared to 
other diagnoses (median 50 11M) which in
cluded AML, T -CLL, B-ALL, and normal 
mononuclear cells. Elimination of ara-GTP 
was generally slow in all diagnoses (median 
20 h, range 9 to> 24 h, n = 9), and particular
ly so in the three T -ALL patients (each was> 
24 h). Overall, there was a strong correlation 
between peak ara-GTP concentrations in 
leukemia cells and clinical response. Pa
tients who achieved complete (n = 4) or par
tial remission (n = 2) accumulated signifi
cantly greater ara -GTP peak cellular concen
trations (median 157 11M) compared to the 8 
patients (median 43 11M) who failed to re-
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spond (p = 0.002). These results indicate that 
the cellular pharmacokinetics of ara-GTP 
are related to clinical responses to therapy 
with compound 506U. 

Indications for Future Directions 

Because of these findings, strategies to in
crease ara-GTP levels in leukemia cells of 
patients treated with compound 506U are 
being evaluated. A preliminary report has 
recently Investigated the effectiveness of 
three feasible clinical trial designs to accom
plish this goal [35]. First, incubation of pri
mary human leukemia cells in vitro with 100 
to 300 11M ara-G produced a linear increase 
of ara-GTP accumulation. This response, 
which is unlike that of either ara-C [36] or 
gemcitabine [37] which become saturated at 
1 to 20 11M, suggests that dosing approaches 
to achieve greater plasma ara-G such, as in
creasing the 506U dose rate, may result in 
more ara-GTP accumulation. Second, the 
ara-GTP accumulation rate was generally 
linear for more than 4 ht. This suggests that 
an extended infusion duration of 506U may 
maintain plasma ara-G levels that would 
support continued ara-GTP accumulation. 
Finally, as indicated above, the rate-limiting 
step in the accumulation of ara-GTP is phos
phorylation by either deoxycytidine kinase 
or deoxyguanosine kinase. Because the ac
tivity of each of these enzymes is regulated 
in part by deoxynucleotides, a decrease of 
cellular deoxynucleotides may result in ki
nase activation, and ultimately greater ara
GTP accumulation. Fludarabine was used to 
inhibit ribonucleotide reductase and subse
quently the deoxynucleotides of the cells 
were decreased, as has been detailed for 
combinations with ara-C [38]. Subsequent 
incubation of the cells with ara-G in a dou
bling of the rate of ara-GTP accumulation in 
the leukemia cells of patients with non-T
cell disease. Taken together, these approach
es represent new possibilities for achieving 
greater ara-GTP accumulation in non-T-cell 
leukemias. 

Acknowledgment. Work conducted in the 
authors' laboratories was supported in part 
by National Institutes of Health grants 



CA32839 and CA57629, and a grant from 
Glaxo Wellcome Co. The authors are grateful 
to Min Du, Mary Ayres, and Billie Nowak for 
outstanding technical assistance. 

References 

1. Evans JS, Musser EA, Mengel GD, Forsblad KR, 
Hunter JH (1961) Proc Soc Exptl Bioi Med 106: 
350 

2. Hubert -Habart M, Cohen SS (1962) Biochim Bi
ophys Acta, 59: 468-471 

3. Reist EJ, Goodman L (1962) Biochemistry, 3: 15-
18 

4. Elion GB, Rideout JL, DeMiranda, P., Collins, P, 
Bauer DJ (1975) Ann NY Acad Sci 255: 468 

5. Krenitsky TA, Koszalka W, Tuttle JB, Rideout JL, 
Elion GB (1981) Carbohydrate Res 97: 139-146 

6. Brink JJ, LePage GA (1964) Cancer Res 24: 312-
318 

7. Giblett E (1975) Lancet 1: 1010-1013 
8. Cohen A, Doyle D, Martin DW, Ammann AJ 

(1976) N Engl J Med 295: 1449-1454 
9. Cohen A, Gudas LJ, Ammann AJ, Martin DWJ 

(1978) Clin. Invest 61: 1405-1410 
10. Mitchell BS, Mejias E, Daddona PE, Kelly WN 

(1978) Proc Nat Acad Sci USA 75: 5011-5014 
11. Gelfand EW,Lee JW,Dosch H-M (1979) ProcNat 

Acad Sci USA 76: 1998-2002 
12. Cohen A, Lee JWW, Dosche H-M, Gelfand EWJ 

(1980) Immunol125: 1578-1582 
13. Gudas LJ, Ullman B, Cohen A, Martin DW (1975) 

Cell 14: 531-538 
14. Sheen MR, Kim BK, Parks RE (1968) Mol Phar

macol4: 293-297 
IS. Kazmers IS, Mitchell BS, Daddona PE, Wotring 

LL, Townsend LB, Kelly WN (1981) Science 214: 
1137-1139 

16. Gelfand EW, Cohen A, How A, Dosch H-M 
(1980) Clin Res 28: 346 

17. Cohen A, Lee JWW, Gelfand EW (1983) Blood 
61: 660-666 

18. Ullman B, Martin DWJ (1984) Clin Invest 74: 
951-955 

19. Shewach DS, Daddona PE, Ashcraft E, Mitchell, 
BS (1985) Cancer Res 45: 1004-1014 

20. Verhoef V, Fridland A (1985) Cancer Res 45: 
3646-3650 

21. Sidi Y, Edwards NL, Winkler C, Bunn P, Mitchell 
BS (1985) Br J Haematol61: 125-134 

22. Ono K, Ohashi A, Yamamoto A, Matsukage A, 
Takahasi T, Saneyoshi M, U eda T (1979) Cancer 
Res 39: 4673-4680 

23. Gandhi V, Mineishi S, Huang P, Chapman A, 
Chen F, Nowak B, Chubb S, Hertel LW, Plunkett 
W (1995) Cancer Res 55: 1517-1524 

24. Shewach DS, Mitchell BS (1989) Cancer Res 49: 
6498-6502 

25. Lambe CU, Averett DR, Paff MT, Reardon JE, 
Wilson JE, Krenitsky TA (1995) Cancer Res 55: 
3352-3356 

26. Prus KL, Averett DR, Zimmerman TP (1990) 
Cancer Res 50: 1817-1821 

27. Barker J, Lewis RA (1981) Biochim Biophys Acta 
658: 111-123 

28. Wang L, Karlsson A, Arner ESJ, Ericksson SJ 
(1993) Bioi Chern 268: 22847-22852 

29. Carson DA, Kaye J, Seegmiller JE (1977) Proc Nat 
Acad Sci USA 74: 5677-5681 

30. Kurtzberg J, Wiley J, Reese M, Elion G, Mitchell B 
(1995) Blood 86 (Suppl1): 511a 

31. Kurtzberg J, Keating MJ, Plunkett W, Gandhi V, 
Gold S, Reese M, Elion G, Mitchell BS (1995) J 
ClinOncol14: 1750 

32. Kurtzberg J, Keating MJ, Moore JO, Gandhi S, 
Blaney W, Gold S, Ernst T, Henslee-Downey J, 
Chang A, Kisor D, Plunkett W, Mitchell B (1996) 
Blood 88 (Suppl1): 669a 

33. Plunkett W, Gandhi V, Nowak B, Du M, Rodri
guez CO, Keating MJ (1996) Proc Am Assn Can
cer Res 37: 180 

34. Gandhi V, Kisor DF, Rodriguez CO, Mitchell BS, 
Kurtzberg J, Keating MJ, Plunkett W (1996) 
Blood 88 (Supp!.1): 670a 

35. Rodriguez CO Jr, Legha JK, Keating MJ, Estey E, 
Plunkett W, Gandhi V (1997) Proc Am Assn Can
cer Res 38: 101 

36. Plunkett W, Liliemark JO, Adams TM, Nowak B, 
Estey E, Kantarjian H, Keating MJ (1987) Cancer 
Res 47: 3005-3011 

37. Grunewald R, Abbruzzese JL, Tarassoff P, Plun
kettW (1991) Cancer Chemother Pharmacol27: 
258-262 

38. Gandhi V, Estey E, Keating MJ, Plunkett W 
(1993) Clin Oncol11: 116-124 

619 



Acute Leukemias VII 
Experimental Approaches and Novel Therapies 
Hiddemann et al. (eds) 
© Springer-Verlag Berlin Heidelberg 1998 

Modulation of Ara-C Cytotoxicity by Coadministration with 
Antisignalling Drugs in H L60 and Ara-C -Resistant H L60/ Ara-C Cells 

Abstract. Ara-C (cytosine arabinoside) is 
one of the most effective drugs in the treat
ment of acute myeloid leukemia (AML). 
Ara-C is phosphorylated to Ara-CTP (cyto
sine arabinoside triphosphate) which inhib
its DNA polymerase and induces DNA 
strand breaks after incorporation into DNA. 
There is increasing evidence that ara-C also 
affects some cellular signal transduction 
pathways; it induces transcription/expres
sion of c-fos, c-jun, NF kappaB, protein ki
nase C 0, mitogen-activated protein kinase 
and cyclin E and downregulates cyclin-de
pendent-kinase-2 and retinoblastoma pro
tein phosphorylation. These events may 
contribute to ara-C cytotoxicity. The antisig
naIling drugs all-trans retinoic acid (ATRA), 
staurosporine, quercetin and bryostatin-l 
have recently been shown to enhance ara-C 
cytotoxicity. 

We chose 7 different antisignalling agents 
[ATRA and the kinase inhibitors quercetin, 
genistein,CGP 52411, tyrphostinA48,nordi
hydroguaiaretic acid (NDGA) and stauro
sporinel and compared their ara-C sensitis
ing potencies with those of hydroxyurea 
(HU), arabinosyl-2-fluoroadenine (F-Ara
A) and 2-chlorodeoxyadenosine (2-CdA), 
agents currently in use as "second line treat
ment" in resistant and relapsed AML. Cyto
toxicity was assessed by the tetrazolium 
(MTT) assay in HL60 cells and a newly de
rived ara-C-resistant subline (HL60/ara-C) 
in at least three separate experiments. Su-

praadditive cytotoxicity was found for com
binations containing ATRA, CGP 52411, tyr
phostin A48 and HU in both cell lines, for 2-
CdA, staurosporine and NDGA in HL60, and 
for F-Ara-A in HL60/ara-C cells. Quercetin 
and genistein did not sensitise cells against 
ara-C. 

To elucidate the mechanism of sensitisa
tion in HL60 cells we studied the influence of 
the modulators of ara-C cytotoxicity on cel
lular markers of apoptosis. After 4h-coincu
bation we measured cell size (volume), DNA 
loss by flow cytometry (sub-Gl peak) and 
DNA fragmentation by conventional gel 
electrophoresis. Tyrphostin A48, NDGA, 
ATRA and HU increased ara-C-induced 
apoptosis, whereas staurosporine did not af
fect it. CGP 52411 decreased the effect of ara
C on apoptotic indicators after 4h-, but no 
longer after 12h-coincubation. 

The results suggest that antisignalling 
drugs such as ATRA, CGP 52411, tyrphostin 
A48, staurosporine and NDGA may be effi
cacious alternatives to the already clinically 
applied ara-C modulators. Among the clini
cally used ara-C modulators, HU sensitised 
more potently against ara-C than F-Ara-A 
and2-CdA. 

Introduction 

Ara-C (1-~-D-arabinofuranosylcytosine, 
cytarabine) plays a central role in the treat-

I Dept. of Pediatric Oncology, University of Munster, Germany 
2 Medical Research Council Toxicology Unit, University of Leicester, UK 
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ment of leukemias, particularly in the treat
ment of acute myeloid leukemias (AML). In 
the cell ara-C is phosphorylated to the toxic 
metabolite ara-CTP via a sequence of kinas
es. The first phosphorylation step from ara
C to ara-CMP via the deoxycytidinkinase 
(dCK) is rate-limiting. Incorporation of ara
CTP into DNA and induction of DNA strand 
breaks are supposed to be the major mecha
nisms of ara-C action. Various clinical stud
ies showed a correlation between ara-CTP 
levels and cytotoxicity resp. ara-CTP reten
tion and clinical outcome [1,2,3]. 

Ara-C resistance is a major cause of AML 
treatment failure. It can involve each of the 
steps of the toxification pathway to ara-CTP 
and might be overcome by combination of 
ara-C with other drugs [4]. Pretreatment of 
cells with the ribonucleotide reductase in
hibitors hydroxyurea (HU), 2-chlorodeoxy
adenosine (2-CdA) and arabinosyl-2-fluo
roadenine (F-Ara-A) can increase cellular 
ara-CTP levels by 200 to 300%. Combina
tions of ara-C with F-Ara-A and 2-CdA, re
spectively, are already under phase I and II 
clinical evaluation [5,6]. However a compar
ison of ara-C sensitising potencies between 
ribonucleotide reductase inhibitors under 
identical conditions has not been published. 
Other drugs which have been shown to sen
sitise cells against ara-C are the differentia
tion inducing agent all-trans retinoic acid 
(ATRA) [7,8], quercetin [9], staurosporine 
[10] and bryostatin-l [11, 12]. These find
ings should be interpreted in the light of the 
observations that ara-C affects a variety of 
signal transduction pathways such as the 
transcription factors NFkappa Band AP-l 
[l3, 14],c-f05 and c-jun oncogene transcrip
tion [15] and elements of signal transduc
tion pathways germane to apoptosis, such as 
MAP Kinase [16], PKC [17], cdc2 [18], cyclin 
E and retinoblastoma protein phosphoryla
tion [19,20]. The role of these events in the 
overall mechanisms of ara-C cytotoxicity is 
unclear. In the light of the fact that ara-C 
sensitisation by staurosporine was not con
comitant with augmented ara-CTP levels 
[10], staurosporine and perhaps other anti
signalling drugs may modulate ara-C cyto
toxicity via cellular changes which are pri
marily unrelated to DNA synthesis. 

We studied the effects of the ribonucleo-

tide reductase inhibitors 2-CdA, F-Ara-A 
and HU as sensitisers of cells against ara-C 
and compared their ara-C sensitising poten
cies with those of ATRA, quercetin and stau
rosporine. Furthermore we studied the ara
C-sensitising properties of some hitherto 
untested agents: CGP 52411, tyrphostinA48, 
genistein and nordihydroguaiaretic acid 
(NDGA), because they are, like quercetin 
and staurosporine, protein tyrosine kinase 
(PTK) inhibitors. CGP 52411 [21] and tyr
phostin A48 [22] specifically inhibitthe EGF 
receptor linked PTK (EGFR-PTK), querce
tin,genistein [23] andstaurosporine [24] are 
non-specific kinase inhibitors, and NDGA 
is a specific PDGF receptor linked PTK 
(PDGFR-PTK) inhibitor [25]. We also ex
plored the possibility that induction of 
apoptosis might be involved in the mecha
nism of sensitisation against ara-C in HL60 
cells. 

Overall the work attempted to compare 
known and novel agents as ara-C sensitising 
drugs with the ultimate rationale to increase 
the drug armamentarium in the therapy of 
leukemias. 

Materials and Methods 

Drugs 

Ara-C, HU, 2-CdA, F-Ara-A, ATRA, stauro
sporine, genistein, quercetin were purchased 
from Sigma Chemical Co. (Dorset, UK), nor
dihydroguaiaretic acid (NDGA) from Fluka 
Chemie AG (Buch, CH) and tyrphostin A48 
from Calbiochem (Nottingham, UK). CGP 
52411 was a kind gift from Ciba-Geigy (Ba
sel, CH).Ara-C, HU, 2-CdA and F-Ara-A were 
dissolved in phosphate-buffered saline, the 
other drugs in DMSO resp. ethanol. Stock so
lutions were stored at -20°e. Concentrations 
of DMSO and ethanol did not affect cell 
growth and viability. Incubates with 2-CdA, 
ATRA, tyrphostin A48,genistein and querce
tin were protected from light. 

Cell Lines 

HL60 promyelocytic leukemia cells [26] 
were obtained from the European Collection 
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of Cell Cultures (Salisbury, UK) and tested 
negative for mycoplasmal infection. An ara
C resistant HL60 cell line was isolated using 
a protocol described by Bhalla et al. (1984) 
[27]; ara-C resistance was woo-fold in com
parison to the maternal HL60 cell line. Cells 
were maintained in RPMI-1640 medium 
(with phenol-red) (Gibco, UK) supplement
ed with 10% heat-inactivated fetal calf ser
um, glutamine (2 nM) and incubates for the 
MTT assay with penicillin (100 U/ml) and 
streptomycin (50 I1g/ml). Cultures were 
grown under 5% CO2 in a humidified atmos
phere at 37°C. 

MTT Assay 

The effect of drug combinations on HL60 
cell growth and viability was determined us
ing the 3-( 4,5 dimethylthiazol-2-yl-)5 diphe
nyltetrazolium bromide (MTT) assay [28, 
29]. Briefly, cells (1 x 106) were seeded in 96 
microculture round bottom well plates 
(Nunc, Naperville, USA) and incubated with 
drugs for 24 h. Cells were centrifuged (800 g, 
5min), washed twice in PBS and resuspend
ed in a solution ofMTT (5 mg/ml RPMI).Af
ter incubation for 4 h, cells were washed 
(PBS) and the formazan chrystals were dis
solved in DMSO. Optical density was meas
ured at 540 nm using a platereader (Labsys
terns iEMS Reader MF). Experiments were 
carried out in octuplets at least three times 
each. Potential chemical interactions 
between drugs and MTT were outruled in 
incubates with non-viable cells [30]. G2 ar
rest as a cause of falsely-high MTT reduction 
[31] did not playa role, since ara -C cytotox
icity is mainly S phase specific [32] and since 
the modulators were merely used at non- or 
low-toxic concentrations. Cytotoxicity by 
modulators alone did not exceeded 22%. 
Modulators were tested in combination with 
two ara-C concentrations in each cell line. 
Comparing the cytotoxicities of the single 
drugs with the cytotoxicity of the drug com
bination the term "sensitisation" refers to 
significant supraadditive cytotoxicity of the 
combination treatment (p < 0.05). 

In HL60 cells we applied the following 
drug concentrations: ara-C 0.1 and 10 I1M,2-
CdA 0.05 11M, F-Ara-A 111M, HU 100 11M, 

622 

ATRA 0.1 to 10 11M, quercetin 50 11M, stau
rosporine 0.Q1 11M, CGP 52411 10 11M, tyr
phostin A48 50 11M, genistein 10 11M and 
NDGA 10 11M. Because ofless drug sensitiv
itywe increased in HL60/ara-C cells the con
centrations of ara-C (100 and 2500 11M), 2-
CdA (100 11M), F-Ara-A (100 11M) and genis
tein (50 11M). The 50% inhibitory concentra
tion (ICso) of ara-C in HL60 cells was 
8.7±0.39 11M, in HL60/ara-C cells 6399 ± 
211 11M. 

Marker of Apoptosis 

Gel electrophoresis and DNA fragmenta
tion: After drug exposure 1 x 106 cells/lane 
were analysed for oligonucleosomal frag
mentation on 1.8% agarose gels as previous
ly described [33]. Electrophoresis was at 20 
V for 1 h in the presence of 2% SDS and pro
teinase K (1.25 mg/ml) to ensure cell lysis, 
and then for 3-4 h at 100 V. 

Flow Cytometry. In order to quantitate hypo
diploid cells (sub-G1 peak) the DNA histo
gram was measured essentially as described 
by Ormerod et al. (1990) [34]. Following 
drug exposure, cells were centrifuged (10 
min, 90 g, 4°C), washed once in PBS and 
fixed by exposure to 70% ethanol overnight 
at 4°C. Subsequently, cells were washed and 
resuspended in a solution containing RN
aseA (0.05 mg/ml) and propidium iodide 
(PI, 25I1g/ml). The DNA histogram of the PI
stained nuclei was measured on a FACScan 
(Becton Dickinson) (486 nm, flow rate 200 
cells/s). Clumped cells were excluded by bi
variate histogram of the peak and the inte
grated area of the red fluorescent signal. 

Cell Shrinkage. Cell size was analysed with a 
Casy 1 (Schaerfe system, Reutlingen, Germa
ny) cell counting and sizing system using a 
150 Ilffi aperture for routine analysis. Mean 
cell volume of untreated HL60 cells was 
1070 fl. 

Statistical Analysis 

Differences in cytotoxicity and apoptosis 
between experimental conditions were eval-



uated using Student's t-test (paired observa
tions). 

Results 

Modulation ofCytotoxicity 

Table 1 shows that the ribonucleotide reduc
tase inhibitors sensitised cells against ara-C. 
HU was the most potent of these agents; it 
caused sensitisation in both cell lines. 2-CdA 
was effective against the low concentration 
of ara-C in HL60 cells and F-Ara-A against 
the high concentration of ara-C in HL60/ 
ara-C cells. 

Of the antisignalling drugs ATRA, stau
rosporine, CGP 52411, tyrphostin A48 and 
NDGA sensitised cells against ara-C. ATRA 
was efficacious even at 0.1 11M, which is 100-
fold below the concentration at which it 
causes cytotoxicity on its own. ATRA as well 
as the specific EGFR-PTK inhibitors CGP 
52411 (Fig. I) and tyrphostin A 48 sensitised 
HL60 and HL60/ara-C cells towards ara-C; 
staurosporine and NDGA were active mere
ly in HL60 cells. In contrast, quercetin and 
genistein did not induce ara-C sensitisation 
in either cell line. 

Effect on ara-(-Induced Apoptosis 

We investigated if the observed sensitisation 
of HL60 cells to ara-C by HU, the kinase in-

hibitors and ATRA was the consequence of 
increased susceptibility of cells to ara-C-in
duced apoptosis. Incubation of HL60 cells 
with ara-C alone for 4 h induced apoptosis as 
adjudged by occurence of sub-G 1 peak in 
the flow cytogram, decrease in cell size and 
DNA fragmentation. Table 2 and Fig. 2 show 
that tyrphostin A48 (50 IlM),ATRA (50 11M), 
NDGA (10 11M) and HU (100 11M) augment
ed ara-C-induced apoptosis, whereas stau
rosporine (0.05 11M) and CGP 52411 (10 11M) 
did not. Paradoxically CGP 52411 inhibited 
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Fig. 1. Modulation of ara-C cytotoxicity by CGP 
52411 assessed by the MTT assay in HL60 and 
HL60/ara-C cells. Of the pairs of bars, the left one 
shows the cytotoxicities of the single drugs and the 
right one the cytotoxicity of the drug combination. 
In HL60 cells ara-C concentrations of 0.1 and 10 11M, 
in HL60/ara-C cells of 100 and 2500 11M were used. 
Bars and error bars represent the mean±SD of at 
least 3 independent experiments each conducted in 
octuplets. Stars indicate that the difference between 
the sum of the single drug cytotoxicities and the cy
totoxicity observed for the combination was signifi
cant(* p < O.OS,** p < O.Ol) 

Table 1.Modulation of ara-C cytotoxicity by modulators assessed by the MTT assay in HL60 and ara-C resist
ant HL60/ara-C cells 

HL60 HL60/ara-C 
ara-CO.IIlM ara-C 10 11M ara-C 100 11M ara-C 2500 11M 

HU +* ± ± +** 
2-CdA +** ± ± * 
F-Ara-A ± ± ± +* 
ATRA ± +** +* +* 
CGP 52411 +* ± ± +* 
Tyrphostin A48 +* ± ± +* 
Staurosporine +* +* ± ± 
NDGA +* ± ± ± 
Quercetin ± ± ± ± 
Genistein ± ± ± ± 

Cytotoxicity of the drug combination was subadditive (-), additive (±) or supraadditive (+). Stars indicate 
that the difference between the sum of the single drug cytotoxicities and the cytotoxicity observed for the 
combination was significant (* p < 0.05, ** P < 0.01). 
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Table 2. Modulation of ara-C-induced apoptosis by 
modifiers of ara-C cytotoxicity in HL60 cells. Incu
bation time was 4 h 

sub-Gl peak cell size 

CGP 52411 * 0 
Staurosporine 0 0 
Tyrphostin A48 + 
ATRA +* * 
NDGA +* * 
HU +** ** 

Markers of enhanced apoptosis are increase of sub
G 1 peak (+) and reduction in cell size (-). No change 
in ara-C-induced markers of apoptosis is character
ised by"O",decrease of sub-Gl peak by"-". Stars in
dicate that the degree of apoptotic changes caused 
by the combination of ara-C with modifiers was sig
nificantly greater than that seen with ara-C alone 
(*p < 0.05, **p < O.ol). 

ara-C-induced apoptosis after 4-h coincuba
tion, albeit not after 12 h. Induction of apop
tosis by etoposide was not inhibited by CGP 
52411 (data not shown). 

Discussion 

Increased ara-C cytotoxicity by combina
tion with other drugs is a major goal in the 
development of better treatments for AML. 
We tested a series of ribonucleotide reduct
ase inhibitors and novel antisignalling 
drugs for their ara-C sensitising potencies. 

Comparison of the ara-C sen sit ising po
tencies between the ribonucleotide reduct
ase inhibitors characterised HU as a more 
efficacious modifier of ara-C cytotoxicity 
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Fig.2.DNA fragmentation af
ter 4-h exposure of HL60 
cells to ara-C alone and to 
combinations of ara-C with 
tyrphostin A48, NDGA, 
ATRA and HU, respectively 

than 2-CdA and F-Ara-A with sensitisation 
against ara-C even in the ara-C-resistant 
HL60/ara-C cells. Sensitisation against ara
C by HU in ara-C resistant HL60 cells has 
been described previously [35] . Recently 
combinations of ara-C with the novel ribo
nucleotide reductase inhibitors F-Ara-A 
and 2-CdA, respectively, have entered clini
cal phase I and II studies [5,6] . In the light of 
our results and the relatively low rate of tox
ic side effects of HU [36] its combination 
with ara-C might be reconsidered in AML 
treatment. 

Our results show that in HL60 and 
HL60/ara-C cells ribonucleotide reductase 
inhibitors are not superior to certain anti
signalling drugs. Cells were efficiently sen
sitised against ara-C by the PTK inhibitors 
CGP 52411, tyrphostin A48, NDGA and 
staurosporine.1t can be suggested that these 
and perhaps some other antisignalling 
drugs may be usefully employed as modula
tors of ara-C cytotoxicity. The specific 
EGFR-PTK inhibitors CGP 52411 and tyr
phostin A48 sensitised cells against ara-C. 
However, HL60 cells have been shown to 
lack EGF receptors [37], which renders it 
unlikely that inhibition of this enzyme is 
crucial for ara-C sensitisation. 1t is conceiv
able that inhibition of PTKs other than 
EGFR-PTK plays a mechanistic role in sen
sitisation against ara-C. All of these notions 
warrant further investigation in vitro and in 
vivo. 

The differentiation inducing agent ATRA 
sensitised at several therapeutical concen
trations [38] against ara-C. This finding is 



consistent with the strategy of coadminis
tration of ara-C and ATRA in the treatment 
of acute promyelocytic leukemia. Early clin
ical trials on this combination are promis
ing [39,40]. As described above ATRA in
creased ara-C-induced apoptosis in HL60 
cells which is compatible with recent re
ports that ATRA affects apoptosis by down
regulation ofbcl-2, an inhibitor of apoptosis 
[41,42]. 

The observed modulation of ara-C sensi
tivity by staurosporine and ATRA is in ac
cordance with previous reports [11,7,8], yet 
the lack of effectiveness of quercetin is in
consistent with results reported by Teofili et 
al. (1993) [9]. These authors evaluated quer
cetin-ara-C interaction by the "isobole 
method" [43] and delineated synergy and 
potentiation of ara-C cytotoxicity by quer
cetin. The discrepancy might be the corol
lary of differences in experimental design 
and evaluation of results. 

Sensitisation of HL60 cells against ara-C 
by tyrphostin A48, NDGA, ATRA and HU 
can be partly explained by enhancement of 
ara-C-induced apoptosis. CGP 52411 exert
ed a biphasic effect on ara-C-induced apop
tosis with inhibition after 4 h, but not after 
12 h coincubation. Staurosporine did not af
fect ara-C-induced apoptosis neither after 
4 h nor after 12 h coincubation. This con
trasts with previous reports [11,44] accord
ing to which ara-C-induced apoptosis in 
HL60 cells was augmented after preincuba
tion with staurosporine for 1 h or 3 hand 
subsequent exposure to ara-C for 6 or 3 h. It 
is likely that the ability of staurosporine to 
modulate ara-C-induced apoptosis is sub
ject to subtle experimental differences. 

The plethora of mechanisms by which 
agents modulate ara-C-mediated cytotoxic
ity remains to be fully unravelled. Combina
tions of ara-C and antisignalling drugs 
might present a novel approach to enlarge 
the therapeutical armamentarium and to 
improve prognosis in AML. 
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Abstract. Treatment with Ara-C in patients 
with acute leukemia may result in develop
ment of resistant cell populations. For the 
study of these cellular resistance mecha
nisms we have used T-Ieukemic C8166 sub
lines resistant to Ara-C, established by incu
bation with increasing concentrations of 
Ara-C. C8166r Ara-CS and C8166r Ara_C2SO 

were grown for more than two years in me
dium containing 5 flM or 250 flM Ara-C, re
spectively. Cytotoxic measurements showed, 
that cytotoxicity of Ara-C is strongly dimin
ished in Ara -C resistant cell sublines in com
parison to parental cells. Pharmacokinetic 
studies demonstrated that the ability of re
sistant cells to accumulate Ara-C to its tri
phosphate is abolished. Ara-CTP levels in 
Ara-C resistant sublines, after incubation 
with a biolabile bis(tBuSATE)Ara-CMP pro
drug are higher than in parental cells. How
ever, Ara-CMP prodrug is able to bypass 
only partly these cellular resistance mecha
nisms, as demonstrated by cytotoxic assay. 
These results showed that C8166 cells devel
oped resistance to Ara -C probably due to de
oxycytidine kinase deficiency, but other 
mechanisms may be also involved. 
C8166rAra-Cs and C8166rAra-C2so are novel 
T-Ieukemic cell sublines which may be valu-

able models for the investigation of Ara-C 
resistance. 

Introduction 

1-13-D-Arabinofuranosylcytosine (Cytara
bine,Ara-C) is an effective drug in the treat
ment against acute lymphoblastic leukemia 
(ALL) and acute myelogenous leukemia 
(AML) [1]. However, long-term chemothera
py may induce cellular resistance mecha
nisms [2]. Intracellular phosphorylation of 
Ara-C to its triphosphate derivative is neces
sary for the competition of Ara-CTP with the 
natural dCTP. Both derivatives, dCTP and 
Ara-CTP, compete for the binding on DNA
polymerase and incorporation into cellular 
DNA [3], which induces inhibition of DNA
polymerase or leads to the inhibition of DNA
strang elongation. It has been shown, that this 
process correlates with cytotoxicity in vitro 
[ 4]. Different cellular resistance mechanisms 
have been proposed to be responsible for the 
diminished efficacy of Ara-C in vitro and in 
vivo. For example activity of deoxycytidine 
kinase (dCK), which phosphorylates Ara-C to 
Ara-CMP could be supressed [5,6]. Further
more increased activation of cytidine deam-
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Germany, 

2 Center of Pediatrics, Department of Hematology and Oncology, J.W. Goethe-University, Theodor-Stern
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3 Universita di Ferrara, Dipartimento di Scienze Farmaceutiche, Via Fossato di Mortara, 17-19,44100 Ferra
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4 Laboratoire de Chimie Bioorganique, UMR CNRS 5625, Case Courrier 008, Universite Montpellier II, Place 
Eugene Bataillon, 34095 Montpellier, France 
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inase or decreased uptake of the substance 
may induce a diminished intracellular Ara
CTP level which results in a diminished anti
leukemic efficacy of Ara-C [7]. 

The use of monophosphate prodrugs con
stitutes an alternative strategy for overcom
ing cellular resistance, which is due to a di
minished intracellular monophosphoryla
tion of the parent nucleoside analogs. These 
substances were able to bypass cellular nu
cleoside kinase deficiency in different cell 
culture systems [8]. In this regard, 
bis(SATE)phosphotriester derivatives of nu
cleoside analogs, which represent lipophilic 
nucleoside analog monophosphates with 
neutral biolabile substituents, have been de
veloped recently [9, 10, 11, 12]. 

In this study we observed cellular resis
tance mechanisms which can be induced in 
the T-Ieukemic C8166 cell line by long-term 
Ara-C exposure. Two different Ara-C resis
tant sublines of C8166 parental cell line with 
a different grade of resistance against Ara-C 
have been established (C8166rAra-CS and 
C8166r Ara_C2SO). Cytotoxicity of Ara-C in re
sistant cells was compared with that of 
bis(tBuSATE)Ara-CMP, an Ara-CMP pro
drug, which was constructed for the intra
cellular delivery of Ara-CMP. For investigat
ing the ability of Ara-CMP prodrug to over
come cellular resistance mechanisms we 
measured the accumulation of Ara-CTP in 
sensitive and resistant cell lines after incu
bation with bis(tBuSATE)Ara-CMP. 

Material and Methods 

Selection of Ara-C -Resistant Cell Lines 

For the selection of Ara-C-resistant cell sub
lines, C8166 (MRC, AIDS Reagent Project, 

Hertfordshire) parental cell line was ex
posed to increasing concentrations of Ara-C 
over a period of 6-17 months. The cells grow 
now for more than 2 years in medium with 5 
flM or 250 flM Ara-C, respectively. The re
sistant sublines which were used in this 
study were designated as C8166rAra-CS and 
C8166rAra-C2so• Both drug-sensitive and re
sistant cells were grown in Iscove's modified 
Dulbecco's medium (IMDM) supplemented 
with 10% FBS. 

Antitumoral agents 

Ara-C and Ara-CTP was obtained from Sig
ma (Deisenhofen, Germany). The synthesis 
of bis(tBuSATE)Ara-CMP, a bis(S-acyl-2-
thioethyl)phosphotriester derivative of Ara
C (Fig.I) was carried out according to an al
ready published general procedure [lO] and 
will be reported elsewhere. This compound 
was characterized on the basis of its physical 
and spectroscopic properties. Its purity was 
ascertained by high-pressure liquid chrom
atography. Stock solutions of the drugs were 
prepared by dissolving in dimethyl sulfoxide 
at concentration of 250 mM for Ara-C and 
Ara-CTP and 10 mM for bis(tBuSATE)Ara
CMP. Solutions were stored at room temper
ature. 

Cytotoxicity Assay 

To determine the inhibitory effect of Ara-C 
and bis(tBuSATE)Ara-CMP in C8166, 
C8166rAra-Cs and C8166rAra-C2so cells, the 
3-( 4,5-dimethylthiazol-2-yl) -2,5-diphenyl
tetrazolium bromide (MTT) method [13] 
was used. The procedure was performed as 
described previously [14]. Briefly, cells were 

NH2 

ffi~Aili N~ 
I I 0 I o II 

II ~O-P-O~A (CH3hC-C-S I 0 a N 

Fig.1. Structure of the studied 
bis(SATE)phosphotriester 
derivative of Ara-C 
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seeded in a 96-microtitre plate, at a concen
tration of 105 cells per ml IMDM-medium 
supplemented with 10% heat inactivated 
FBS. Substances in different concentrations 
were added and the cells were incubated 
5 days (37°C, 5% CO2), The viability of the 
cells was measured by adding MTT solution 
to each well and determining the absor
bance by using a multiwell ELISA reader. 
The cytotoxic activity of the drugs were ex
pressed as CCso, representing a concentra
tion reducing the cell viability by 50%. 

Cell Extraction 

Parental and Ara-C resistant cells (l06/ml) 
were incubated 4 h with or without 10 flM 
Ara-C or bis{tBuSATE)Ara-CMP. We used 10 
flM Ara-C for the pharmacokinetic meas
urements, because the formation of Ara
CTP is saturated at this concentration [15]. 
The plateau of Ara-CTP accumulation dif
fers in different cell lines but after 4 h incu
bation with Ara-C, the Ara-CTP level re
mains to be constant up to 11 h [15].Afterin
cubation cells were washed for two times 
with cold PBS. Cell viability and cell counts 
were determined with the trypan blue exclu
sion method. Cells were extracted by adding 
300 fll of HPLC-buffer (pH 2.35) and centri
fuged at 1000 g for 10 min at 4°C [15]. 

Ion Pair Chromatography 

Ara-CTP levels were measured as described 
previously [15]. Aliquots of the nucleotide 
extracts were injected into a Milton Roy liq
uid chromatograph equipped with the auto
matically Waters injector Wisp 712. The nu
cleotides were analyzed by reversed-phase 
HPLC on a ODS2 C-18 column (4.6 X 25 cm, 

5 flM) with isocratic elution of 0.1 M 
KH2P04,5 mM tetrabutylammonium phos
phate and 0.5% acetonitrile (pH 2.6, flow 
rate 0.8 ml/min during 18 min, 1.8 ml/min 
18-25 min) and detected by UV-spectrosco
py (280 nm). The retention times for the nu
cleoside triphosphates were: CTP 12 min, 
Ara-CTP 14 min, dCTP 16 min,ATP 21 min. 
The amounts of Ara-CTP were measured 
with the external standard method. A com
puter evaluation program (727 software, 
LDe) was used to compare the integrated 
peak areas of the standards with those of the 
samples in order to calculate the concentra
tions in the samples. 

Results 

The cytotoxicity of Ara-C and bis{tBu
SATE)Ara-CMP in C8166 and Ara-C resis
tant cell sub lines is shown in Table 1. Both 
C8166rAra-Cs and C8166rAra-C2so cells were 
resistant to cytotoxic effects of Ara-C. CCso 
values were about 104-fold higher for 
C8166rAra-Cs cells and at least lOS-fold 
higher for C8166rAra-C2so cells than for par
ental cells (Table 1). 

It was shown that different bis{SATE)
phosphotriester derivatives were able to 
bypass the first enzymatic catalyzed phos
phorylating step [9, 10, 11, 12, 16]. In our 
Ara-C resistant cell systems, the bis{ tBu
SATE)Ara-CMP was able to overcome partly 
the resistance to Ara-C. Interestingly, cyto
toxicity of Ara-CMP prodrug depends on 
the degree of Ara-C resistance. Cytotoxic ef
fects of this Ara-CMP prodrug is lower in the 
cell subline resistant against greater concen
tration of Ara-C, than for the cell subline re
sistant against lower Ara-C concentration. 

Pharmacokinetic studies of Ara-CTP level 
in parental and Ara-C resistant cell sublines 

Table 1. Cytotoxic effects of Ara -C and bis( tBuSATE )phosphotriester derivative of Ara -C in parental and Ara
C resistant cells 

Drug 

Ara-C 
bis(tBuSATE)AraCMP 

C8166 

0.04 + 0.002' 
0.3 + 0.05 

CCso [11M] 

CS166' Ara-Cs 

367.7 + IS.2 
5.2 +0.3 

'Values represent mean value + SD from at least five independent experiments. 
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CS166' Ara _C2SO 

>2000 
22.5 + 1.3 



Fig. 2. Ara-CTP levels in par
ental and Ara-C resistant cell 
sublines after incubation 
with 10 flM Ara-C (_) or 
bis(tBuSATE)Ara-CMP (0). 
Values are means from three 
independent experiments. 
Standard deviation did not 
exceed 15% 
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demonstrated that the SATE Ara-CMP pro
drug bypasses the dCK-dependent enzy
matic pathway (Fig. 2). Ara-CTP was not 
measurable in CS166 f Ara-Cs or CS166 f Ara
C2SO resistant cell sub lines after incubation 
with 10 11M Ara-C. Contrasting this, incuba
tion of the resistant cells with bis(tBu
SATE)Ara-CMP resulted in accumulation of 
great amounts of Ara-CTP (CSI66 f Ara-CS: 
145.4 ng Ara-CTPfl06cellsj CSI66 f Ara-C2so: 

160.2 ng Ara-CTPfl06 cells). Surprisingly, 
the SATE monophosphate prodrug was con
verted to Ara-CTP in Ara-C resistant cells up 
to two fold greater extent than in parental 
cells (Fig. 2). 

Discussion 

In the present study we showed that bis(tBu
SATE)Ara-CMP, an Ara-CMP prodrug, is 
able to overcome partly the Ara -C resistance 
mechanisms in CS166 f Ara-Cs and 
CS166 f Ara_C2SO cells. Therefore, our results 
lead to the assumption that the resistance 
mechanisms is due to a deficiency of deoxy
cytidine kinase activity and/or increased ac
tivity of deoxycytidine deaminase. These 
mechanisms were already described in dif
ferent cell lines and leukemic cells in pa
tients, who were treated with Ara-C [17, IS]. 

Although high amounts of Ara-CTP accu
mulated in the resistant cells incubated with 
bis(tBuSATE)Ara-CMP, the drug only par
tially overcome resistance mechanisms. 
These results suggest that cellular mecha
nisms other than altered deoxycytidine ki
nase or deoxycytidine deaminase activity 

may contribute to Ara-C resistance in the 
Ara -C resistant cell sublines. For example, an 
increase in activation of unspecific phos
phorylases in the resistant cell sublines may 
occur [19]. An other explanation for this 
phenomenon may be a decreased Ara-CTP 
incorporation into the cellular DNA in Ara
C resistant cells [20, 21]. Despite different 
sensitivity to toxic effects of Ara-C, both re
sistant cell sublines formed similar amounts 
of Ara-CTP when incubated with bis(tBu
SATE)Ara-CMP. This showed that different 
resistance mechanisms to Ara-C may devel
op in resistant cells depending on the grade 
of resistance. 

In conclusion CSI66 f Ara-C5 and 
CSl66 f Ara-C2so cell lines provide a good in
strument to study the mechanisms of cellu
lar resistance to Ara -C as well as to test treat
ment strategies to overcome resistance 
mechanisms. 
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Abstract 

Purpose. To determine the ara-C-modulating 
efficacy of retinoids in leukemic blast cells. 

All-trans retinoic acid (ATRA) has been 
shown to increase the sensitivity of AML 
blast cells to cytosine-arabinoside (ara-C). 
Ara-CTP accumulation in leukemic blast 
cells is considered to be the main determi
nant of ara-C toxicity in vitro and in vivo. To 
test the hypothesis that retinoids exert their 
ara-C sensitizing effect by enhancing the 
intracellular ara-CTP accumulation we 
studied the effect of the retinoids ATRA and 
13-cis retinoic acid (I3-cis RA) on the intra
cellular ara-CTP-formation of HL60 cells in 
vitro after 24 and 72 hours of preincubation 
in retinoid containing medium and 1 hour 
exposure to ara-C. 

Results. Cells pretreated with 0.01-10 flM 
ATRA and 13-cis RA equally exhibited a si
gnificantly decreased amount of intracellu
lar ara-CTP in a preincubation time-depen
dent manner. The same pretreatment did 
not show any effect on ara-C metabolism of 
K562 cells. Cytotoxicity testing by MTT as
say confirmed the synergism of ATRA and 
ara-C in HL60 cells. These observations are 
in contrast to results from our studies with 
other known ara-C-modulating agents such 
as fludarabine (F-ara-A) and hydroxyurea 
which effected a parallel increase in ara-C
cytotoxicity and intracellular ara-CTP-for-

mation. The mechanisms by which retinoids 
exert their inhibiting effect on ara-CTP-for
mation remain unclear. The differentiation
inducing properties of retinoids might be 
responsible for changes in ara-C-uptake and 
phosphorylation. 

Conclusion. Retinoids decrease the rate of 
ara-CTP accumulation in HL60 cells. How
ever, this effect is not mediating resistance to 
ara-C. In contrast, considerable synergism 
with ara-C could be demonstrated. Thus, 
ara-C and ATRA seem to interact by other 
mechanisms than those identified for other 
known ara-C modulators. Intracellular ara
CTP-concentration can not exclusively be 
considered as the main determinant of ara
C toxicity in vitro. 

This work was supported by the Federal 
Department of Research and Technology 
(#lEC940l) 

Introduction 

Retinoic acids (RA) are vitamin A deriva
tives which play an important role in em
bryogenesis and differentiation of normal 
tissues. Experimental data indicate that RA 
also induce cellular differentiation in several 
hematological precursor cell lines and in 
blast cells from patients with acute pro
myelocytic leukemia (APL) [1,2,3]. Today, 
RA are applied in the treatment of adult and 
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pediatric APL [4]. In contrast to other anti
cancer agents, the RA isomer ATRA induces 
remission in patients with APL without 
causing bone marrow hypoplasia. Another 
isomer l3-cis-retinoic acid (l3-cis RA) has 
successfully been used in the treatment of 
myelodysplastic syndrome (MDS) [5]. 

Recently RA has been shown to sensitize 
AML blasts to 1-g-D-arabinofuranosylcyto
sine (ara-C), one of the most effective agents 
in pediatric and adult AML treatment [6, 7]. 
According to preliminary clinical results 
regimens containing ATRA and ara-C in
duced remission in AML subtypes other 
than APL as well [8, 9]. The mechanism by 
which RA affect ara-C-mediated cytotoxic
ity is not understood yet. 

Strategies to optimize ara-C treatment by 
coadministration of ara-C modulators, such 
as fludarabine, hydroxyurea and cladribine, 
have focussed on the enhancement of intra
cellular accumulation of the active metab
olite ara-CTP which is supposed to correlate 
with ara-C cytotoxicity [10-17]. In order to 
further clarify the mechanisms of interac
tion between RA and ara-C we investigated 
the effect of the retinoids ATRA and 13-cis 
RA on cellular ara-C phosphorylation in the 
RA-responsive acute myelogenous HL-60 
cell line. 

Methods 

Drugs 

Ara-C, all-trans-retinoic acid, l3-cis-retino
ic acid, natural nucleotides and ara-CTP 
were obtained from Sigma Chemical Co (St 
Louis, MO). All other chemicals were of the 
highest purity available. 

Stock solutions were prepared in steril 
water (ara-C) and 100% ethanol (retinoic ac
ids), respectively. Stocks were ali quoted and 
stored at -20°C. Directly before use, they 
were diluted into RPMI medium to achieve 
the desired concentrations. The final con
centration of ethanol in the culture was 
shown not to affect cell growth. All the pro
cedures involving retinoic acids were per
formed in subdued light; retinoic acid con
taining tubes and tissue culture flasks were 
light-protected by a cover of aluminium foil. 
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Cell Line 

The human acute myeloid leukemic cell line 
HL-60 [18, 19],and the K-562 chronic eryth
roleukemia cell line [20] were obtained from 
the European Collection of Cell Cultures, Sa-
1isbury' UK, mycoplasma-screened and used 
throughout the study. 

The cells were maintained in suspension 
culture at exponential growth phase in 
RPMI 1640 medium (GIBCO Laboratories, 
Grand Island, NY), supplemented with 10% 
heat-inactivated fetal calf serum (GIBCO), 
under standard conditions (37°C, humidi
fied atmosphere, 5% CO2). Cells were re
placed by cells from the initial charge every 
six weeks to prevent the effect of spontane
ous HL-60 cell differentiation on our experi
ments. Proliferation of cells was determined 
using a hemocytometer after staining with 
trypan blue dye exclusion. 

Cellular Pharmacology 

Ex~onentially growing cells (0.3-0.5 X 
10 Iml) were incubated with various con
centrations of ATRA or 13-cis RA for a de
fined preincubation time under the above 
described conditions. Cells were washed and 
resuspended in RPMI 1640 medium (+ 10% 
FCS), followed by incubation in ara-C con
taining medium in a shaking water bath at 
37°C. The incubation time and the final ara
C concentration were initially determined to 
be optimal to achieve an ara-CTP accumula
tion below the saturation level in K-562 and 
HL-60 cells. The cells were then washed 
twice in ice-cold phosphate-buffered saline 
(pH 7.2) and counted immediately prior to 
extraction. 

Nucleotides were extracted using tetrabu
tyl ammonium hydrogen sulfate as de
scribed elsewhere [21]. Ara-CTP was separ
ated from other nucleotide triphosphates by 
an isocratic ion pair high-performance liq
uid chromatography (HPLC) method using 
a reversed phase CIS column (NOVA-PAK, 
Waters-FRG) and 0.09 M phosphate buffer at 
pH 6 containing 0.35% tetrahydrofuran and 
0.01 M tetrabutyl ammonium hydrogen 
phosphate [21]. Quantification was done by 
UV detection at 270 nm; the limit of detec-



tion was 25 ng/ml ara-CTP. Anthranilic acid 
was used as an internal standard. Ara-CTP 
levels were expressed as picogram (pg) ara
CTP per 107 cells [21]. 

Chemosensitivity Testing 

The effect of drug combinations on HL 60 
cell growth and viability was determined us
ing the 3-{4,5 dimethylthiazol-2-yl-)5 diphe
nyltetrazolium bromide (MTT) assay [22]. 
Briefly, HL60 cells (106) were seeded in 96 
multi-well plates (Nunc, Naperville, USA) 
and incubated with drugs for 24 h. Cells were 
centrifuged (800 g, 5min), washed twice in 
PBS and resuspended in a solution of MTT 
(5 mg/ml RPM!). After incubation for 4 h, 
cells were washed (PBS) and the formazan 
crystals were dissolved in DMSO. Optical 
density was measured at 540 nM using a 
platereader (Labsystems iEMS Reader MF). 
Experiments in octuplets were carried out 
three or more times. Potential chemical 
interactions between drugs and MTT were 
checked in incubates with non-viable cells 
[22]. 

In HL60 cells, the 50% inhibitory concen
tration (ICso) for ara-C was 5-10 flM, for 
ATRA 10-100 flM. 

Statistical Analysis 

Intracellular ara-CTP-concentrations and 
proliferation kinetics with and without pre
incubation with retinoic acids were com
pared using the Kruskal-Wallis One Way 
Analysis of Variance on Ranks. To isolate the 
groups which differed from the others we 
used the Dunn's All Pairwise Multiple Com
parison Procedure. Differences in cytotoxic
ity between single and combined drugs were 
evaluated using the Student paired t-test 
(paired observations). 

Results 

Ara-CTPAccumulation in HL-60 and in K-S62 Cells 

The mean intracellular ara-CTP concentra
tion after incubation with 10 flM ara-C for 

1 h was 387.71 ± 110.99 pM/l07 cells for HL-
60 cells (n = 60) and 292.74 ± 100.38 pM/I07 

cells for K-562 (n = 17). Following incuba
tion with increasing ara-C concentrations 
for 1 hour, both cell lines showed a similar 
pattern of ara-CTP accumulation character
ized by a maximum at ara-C 10 flM. Varying 
incubation times in the presence of 10 flM 
ara-C (30 min to 24 h), maximum intracellu
lar ara-CTP levels were achieved after 2 h in 
both cell lines. 

Effect of Retinoids on Cellular Accumulation 
of ara-CTP in HL -60 Cells 

HL-60 cells were preincubated with ATRA 
for 24 or 72 h and then uniformly exposed to 
10 flM ara-C for 1 h. Following 24 h of prein
cubation with 1 flM ATRA, the intracellular 
ara-CTP accumulation in HL-60 cells de
creased to median values of 63± 12% (p < 
0.05) compared to unpretreated controls. 
Lower ATRA concentrations of 0.1 flM and 
0.01 flM affected a minor decrease of ara
CTP levels to 73±11 % and 76±1O%, respec
tively (p < 0.05). Longer preincubation with 
ATRA 1 flM for 72 h further decreased ara
CTP to 41±4% {Fig. 1}. Similarly, a highly 
significant decrease in ara-CTP accumula
tion to 62±8% after 24 hand 38±8% after 72 
h was achieved by using the ATRA isomere 
13-cis RA at a concentration of 1 flM {Fig.1}. 

Effect of Retinoic Acids on Cellular Accumulation of 
ara-CTP in K-S62 Cells 

In K-562 cells, which are known not to 
undergo RA-induced differentiation, prein
cubation with neither of the isomers ATRA 
and 13-cis RA resulted in significant de
creases of ara-CTP accumulation {Fig.2).Af
ter 72 h of preincubation we even found a 
slight increase which, however, was not sta
tistically significant. 

Effect of RetinoicAcids on ara-C cytotoxicity in HL-60 
Cells (FigJ) 

Coincubation of ATRA (0.1, 1, 10 flM) with 
ara-C (0.1, 10 flM) resulted in supraadditive 
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Fig.1.Effect of24 and 72 h preincubation withATRA on ara-CTP accumulation in HL-60 cells as compared to 
unpretreated controls. Each point represents 2-3 independent experiments in triplets. Standard deviation in
dicated by error bars never exceeded 20% of mean. Decreases of ara-CTP values were significant after 24 h
preincubation with ATRA 0.1 and 1 flM and after 72 h-preincubation withATRA 0.01 and 1 flM 

increases of cytotoxicity. e.g. while ara-C 10 
11M arrested cell growth by 52%, the combi
nation withATRA 0.1 11M (no cytotoxicity it
self) reduced viability by 72%. This decrease 
in cell viability was highly significant (p < 
0.01). Plasma peak levels under ATRA treat
ment are around 111M. So therapeutical 
ATRA concentrations are capable of sensi
tizing against ara-C in HL60 cells. 

Discussion 

Preincubation with the retinoids ATRA and 
l3-ds RA at therapeutical concentrations 
[33] significantly decreased cellular ara
CTP accumulation in HL-60 cells. However, 
ara-C-induced cytotoxicity was significantly 
enhanced, as it has already been described 
for various AML cell lines and fresh leukem
ic blast cells [6,7]. 

The finding of RA-induced ara-CTP de
crease in spite of increased cytotoxicity is 
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in contrast to a number of studies which 
consistently showed a positive correlation 
between accumulation and retention of 
ara-CTP and cell kill in vitro and in vivo 
[23-31]. The ribonucleotide reductase in
hibitors fludarabine, hydroxyurea and 2-
chlorodeoxyadenosine increase cytotoxic
ity and ara-CTP levels by uncoupling the 
feedback inhibition of deoxycytidinetri
phosphate (dCTP) on the rate-limiting en
zyme of ara-C phosphorylation, deoxycyti
dine kinase, mainly by reduction of cellular 
dCTP-pools [10]. Preincubation with these 
ara-C modifiers resulted in 2-4-fold ara
CTP concentrations in HL-60 cells [32] and 
other myeloid leukemia cell lines [1 0-l7], 
including the K-562 cell line. K-562 cells 
have been shown to be unresponsive to the 
differentiation-inducing and growth-in
hibiting effects of RA [1]. We found that 
ara-CTP levels were not decreased by pre
incubation with ATRA in K-562 cells. So, 
the RA-induced downregulation of ara-
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CTP accumulation might be a specific phe
nomenon of cells responsive to RA, such as 
HL60 cells. 

The two retinoic acid isomers ATRA and 
13-cis RA, which differ in their receptor 
binding affinity profile, displayed compar
able effects on cell kill and ara-CTP levels. In 
vitro studies comparing the differentiation 
inducing potencies of the isomers have not 
been unanimous [1,34,35]. Considering that 
in vitro studies showed spontaneous non
enzymatic isomerization resulting in an iso
mer equilibrium independent of the initial 
isomer, isomer concentration and cell line 
used [36] in vitro comparisons between dif
ferent RA isomers should be regarded with 
precaution. 

The mechanism of ara-CTP decrease by 
RA in leukemic blast cells has not been eluci
dated yet. It might well be that ATRA mod
ulates the amount of intracellular nucleo
tides and the expression of proteins involved 
in the phosphorylation of ara-C via interac
tion with retinoic acid receptor (RAR, RXR) 
transcription factors [33]. 

The way of ara-C sensitization by ret i
noids seems to be independent of ara-CTP 
levels. This indicates that incorporation of 
ara-CTP into DNA followed by termination 
of chain elongation is not the only mechan
ism of ara-C mediated cell kill. Apoptosis
related events have been described to be in
volved as well [38,40,41]. Hu et al. proposed 
that downregulation of the proto-oncogene 
bcl-2, which is known to prolong cell survi
val by suppressing the onset of apoptosis 
[37], may in part be responsible for the ara
C-sensitization by RA in vitro [38,39]. 

In summary we found that sensitization 
against ara-C cytotoxicity by RA is indepen
dent of ara-CTP enhancement. This demon
strates that intracellular ara-CTP-concen
trations can not always be applied as indica
tors of cytotoxicity. Furthermore, in the light 
of the low myelotoxicity profile of ATRA its 
combination with ara-C should be further 
exploited in the treatment of AML. 
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Induction of Apoptosis in Vitro by ARA-C, VP-16, MITOX, DNR, IDA and FLU 
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Abstract. A number of anticancer drugs such 
as Cytosine Arabinoside (ARA-C), Etopo
side (VP-I6), Mitoxantrone (MITOX), Dau
norubicin (DNR), Cisplatin and Amsacrine 
have been shown to induce programmed cell 
death (apoptosis) in leukemic cells. Apopto
sis is morphologically characterized by early 
cell shrinkage, chromatin condensation, nu
clear fragmentation, cell surface blebbing 
and membrane-bound apoptotic bodies. We 
investigated the in vitro induction of apop
tosis by ARA-C, FLU (Fludarabine), VP-I6, 
MITOX, DNR and IDA (Idarubicin) in the 
blast cells of23 adult patients with untreated 
acute myeloid leukemia (2 MO,2 MI, 10 M2,2 
M4,4 MS, 2 M6 and 1 M7). Mononuclear cells 
from the bone marrow and/or peripheral 
blood were isolated. Cell cultures were ex
posed to different concentrations of ARA-C, 
VP-I6, FLU, IDA, DNR and MITOX at 37°C 
for 24 h. Samples were analyzed using DNA 
gel electrophoresis and flow-cytometry af
ter staining with propidium iodide. We also 
examined the morphology of 200 leukemic 
cells under light microscopy. The three 
methods gave comparable results. The most 
active drug in inducing internucleosomal 
fragmentation of DNA was FLU (82%); VP-
16 and ARA-C induced apoptosis in a smal
ler number of cases (64 and 55%, respective
ly). MITOX, DNR and IDA- treated cells did 
not show fragmentation of DNA. Our results 
confirm the ability of some drugs to induce 
apoptosis in vitro in leukemic cells and de-
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monstrate a good correlation between the 
detection of apoptosis by DNA electropho
resis, flow cytometry and light microscopy. 

Introduction 

Apoptosis or programmed cell death (PCD) 
is an active energy-dependent process of 
cellular self-destruction. Apoptosis is mor
phologically characterized by early cell 
shrinkage, chromatin condensation, nuclear 
fragmentation, cell surface blebbing and 
membrane-bound apoptotic bodies; in con
trast, necrosis is characterized by cell swell
ing, rupture of the plasma membrane and 
leakage of the cellular contents into the ex
tracellular environment [1]. These features 
enable us to detect apoptotic cells on an 
MGG stained cytospin under light micro
scopy. 

Biochemical studies of nuclear damage 
have shown that the cellular DNA is cleaved 
into multimers of about 180-200 base pairs 
which may be visualized as a distinct ladder 
of bands following agarose gel electrophore
sis [2]. 

Furthermore, apoptotic cells can be iden
tified in flow cytometry by their diminished 
stainability with several DNA-specific fluo
rochromes due to degradation and subse
quent leakage of DNA from the cell; apoptot
ic cells appear as an apparently hypodiploid 
population [3]. 



Since apoptosis is an active process, it can 
also be modulated and its modulation could 
provide new tools in the treatment of malig
nant disease [ 4]. Recently, some authors have 
reported that Daunorubicin, Mitoxantrone, 
Doxorubicin and Cytosine-Arabinoside 
may induce apoptosis in murine leukemic 
cells, but whether this cell death pathway is 
present in fresh human AML cells has not yet 
been established [5-8]. Vials et al. found that 
the flow-cytometric method for apoptotic 
cell detection can be used to evaluate the in 
vitro effect of drugs on the U937 cell line and 
suggest that it could be adapted as a predic
tive assay of the response of blast cells to 
chemotherapy [9]. The correlation found 
between in vitro induction of apoptosis by 
chemotherapeutic drugs and clinical re
sponse of patients with leukemia implies 
that the former factor may be useful to iden
tify tumor cell sensitivity or resistance to 
particular drugs [10]. 

The purpose of the present study was to 
determine whether Cytosine-Arabinoside 
(ARA-C), Etoposide (VP-16), Idarubicin 
(IDA), Daunorubicin (DNR), Mitoxantrone 
(MITOX) and Fludarabine (FLU) can induce 
apoptosis in human myeloid leukemic cells 
and to compare the three methods used for 
the detection of apoptotic cells. 

Materials and Methods 

Patients and (ell Preparation 

Samples of peripheral blood and/or bone 
marrow were obtained from 23 patients ad
mitted to our institution and undergoing 
chemotherapy for adult acute myeloid leu
kemia. Subtypes of AML were defined ac
cording to the FAB classification (2 MO, 
2 Ml, 10 M2,2 M4,4 M5,2 M6, 1 M7). 

The mononuclear cells were isolated on a 
Ficoll density gradient, washed twice and re
suspended in Iscove's Modified Dulbecco 
Medium containing 20% heat inactivated fe
tal calf serum, 1.250 Ill/ml gentamycin and 
40.3 Ill/ml of a 7.5% sodium bicarbonate so
lution. Viability was determined by the Try
pan-Blue exclusion test and stained smears 
indicated that there were more than 90% 
leukemic cells in all cases. 

Drug Exposure 

The drugs tested were ARA-C, MITOX, DNR, 
IDA, VP-16. Drug concentrations were 10 
mM for DNR, IDA and MITOX, 100 mM for 
VP-16 and FLU, 1000 mM for ARA-C. Drugs 
were added into 25 cm2 culture flasks con
taining 10 ml of cell suspension (1 X 106 

cells/ml) and the cultures were incubated in 
a humidified atmosphere for 24 h at 37 DC in 
5% CO2, 

Light Microscopy 

Cytocentrifuge preparations from treated 
and control suspensions were fixed and 
stained with May-Grunwald Giemsa. Cells 
were examined under oil immersion light 
microscopy and apoptotic cells were de
fined as cells containing one or more darkly 
stained pycnotic nuclei. 

DNA Gel Electrophoresis 

Cells were washed twice in PBS and dis
rupted by suspension for 20 min at 4 DC in 
Tris-HCl (5 mM) buffer containing 0.5% 
Triton X-I00 and EDTA (20 mM). The cellu
lar lysates were centrifuged at 40000 rpm 
for 20 min to separate low molecular weight 
DNA. DNA was extracted from the super
natant by treatment with phenol/chloro
form/isoamyl alcohol (25:24: 1). Sodium ace
tate and absolute ethanol were added to the 
upper aqueous layer at 4 DC to precipitate 
the DNA. The mixture was vortexed and in
cubated for 60 min at -70 DC. After centrifu
gation for 30 minutes at 10000 rpm the pel
let was resuspended in Tris EDTA (TE) buf
fer and incubated for 30 minutes at 37 DC 
with RNAse A. NaCl was added and the phe
nol/chloroform/isoamyl alcohol extraction 
was repeated. DNA was precipitated as 
above and centrifuged. The pellet, resus
pended in TE, was electrophoresed into 
wells of a 1 % agarose gel containing ethidi
urn bromide. DNA was separated over 90 
min at 60 V and the bands were visualized 
by UV illumination. 
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Flow Cytometric Cell Cycle Analysis 

Aliquots of cell suspension were fixed and 
stained with DNA-Prep reagents (Coulter) 
containing nonionic detergents RNAse and 
propidium iodide (50 flg/ml) . Analysis was 
performed on an Epics-XL flow cytometer 
(Coulter) using Multicycle software (Phoenix 
Flow Systems). Apoptotic cells were located in 
the hypodiploid region of the histogram. 

Statistics 

Chi Square test was used to assess the corre
lation between the three methods (flow cy
tometry vs. electrophoresis, flow cytometry 
vs. light microscopy and electrophoresis vs. 
light microscopy). 

Results 

Induction of Apoptosis 

Examination of the stained cytospin slides 
under light microscopy revealed morpho
logical features of apoptosis in the samples 
treated with FLU, VP-16 and ARA-C includ
ing reduction in cell volume, increased cyto
plasmic/nuclear ratio, compaction and mar
gination of nuclear chromatin, nuclear frag
mentation and apoptotic bodies. 

DNA from leukemic cells treated with FLU, 
VP-16 and ARA-C was subjected to analysis 
in agarose gel and showed a detectable pat
tern of DNA fragments at multiples of ap
proximately 200 base pairs. In contrast, there 
was no evidence of fragmentation in cells 
treated with MITOX, IDA and DNR (Fig. 1 ). 

The cytofluorimetric method demon
strated the presence of a hypodiploid peak 
when ARA -C, FLU and VP-16 were used. The 
advantage of this technique is that it provides 
an easy, rapid and accurate quantitation of 
apoptosis (Fig. 2).The percentages of samples 
with apoptotic cells are reported in the Fig. 3. 

Correlation Between the Three Methods 

Chi Square test was used to analyze the data 
obtained with the three methods. The corre-
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1 2 3 4 5 6 7 

Fig. 1. DNA fragmentation detected by agarose gel 
electrophoresis (1 untreated cells; 2, 3, 4, 5, 6, 7 cells 
treated with ARA-C,DNR, IDA,MITOX, FLU, VP-16) 

lation between the three methods was dem
onstrated by p < 0.00001 obtained for flow 
cytometry vs. electrophoresis, flow cytome
try vs. light microscopy and electrophoresis 
vs. light microscopy. 

Discussion 

Acute myelogenous leukemia (AML) yields 
varied morphologic, cytochemical, immu
nologic and cytogenetic findings and differ
ent sensitivity to conventional chemothera
py; 60-70% of patients with de novo AML 
achieve complete remission but the majority 
(50-40%) of these patients relapse between 2 
years [10]. 

The biological bases of drug resistance 
and relapse in AML are not well understood: 
several studies have shown that autonomous 
in vitro proliferation of AML cells was asso
ciated with poor clinical outcome [11], but 
few functional analyses of AML samples 
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Fig.3. Percentage of samples with apoptotic cells 

have been performed. Some reports indicate 
that apoptosis plays a role in the response of 
AML patients to chemotherapy. In particu
lar, a study on a small series of AML samples 
collected at onset of disease and before treat
ment suggested that apoptosis constitutes a 
common but variable response of blast cells 
to drugs [12]. 

Other data show that a combination of 
FLU, ARA-C and GM-CSF can induce apop
tosis whereas treatment with any of these 
drugs alone does not [13]. 

In our study we investigated the induction 
of apoptosis by the chemotherapeutic 
agents used in the treatment of AML pa-

DNR IDA MITOX 

tients using three methods which gave com
parable results. We found relatively low 
spontaneous apoptosis in the majority of 
AML samples analyzed; exposure to drugs 
(FLU, ARA-C, VP-16, DNR, IDA, MITOX) in
duced heterogeneous number of apoptotic 
cells. In particular, in our experiments we 
found that FLU, VP-16 and ARA-C induce a 
higher number of apoptotic cells anthracy
clines (IDA, DNR) and Mitoxantrone. The 
heterogeneity of apoptosis induction by 
each drug could be due to different types of 
DNA damage and different effects on the cell 
cycle. In addition, the heterogeneity of the 
apoptotic phenomenon in AML cells might 
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depend on other biological characteristics: 
p53 mutation, BCL-2 expression, cytogenet
ic abnormalities [t(15;17), t(8;21)] [14,15]. 

Further studies on a large number of AML 
patients are needed to determine whether 
the identification of intrinsic or acquired re
sistance to apoptosis, evaluated in combina
ti?n with other biological findings may con
trIbute to therapeutic outcome in AML. 
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Abstract 

Purpose. To compare the effectiveness of the 
ara-C modulating agents fludarabine (F
ara), cladribine (2-CdA), and hydroxyurea 
(HU) in ara-C resistant and sensitive leu
kemic blast cells in vitro. 

Resistance against 1-[3-D-arabinofurano
sylcytosine (ara-C) is an important cause of 
treatment failure in pediatric and adult 
acute leukemias. Development of resistance 
can involve the multistep process of cellular 
ara-C-toxification including the rate-limi
ting first phosphorylation step catalysed by 
deoxycytidine kinase. The ribonucleotide 
reductase inhibitors F-ara, 2-CdA and HU 
are known to potentiate ara-CTP metab
olism by an increase of deoxycytidine kinase 
activity as a consequence of dCTP pool re
duction. We compared the efficacy of these 
drugs in enhancing intracellular ara-CTP 
accumulation in blast cells of the ara-C sen
sitive and resistant HL-60 and HL-60/ara-C 
cell lines. 

Results. HL-60 cells preincubated with 5 flM 
F-ara,O.1 flM 2-CdA or 0.5 mM HU, respec
tively, exhibited a significantly enhanced 
ara-CTP accumulation compared to unpre
treated controls. The drugs differed in the 
preincubation-time dependancy of ara-C 
modulating efficacy with HU obtaining its 
maximum effect already after 1 hour of pre
incubation. A similar 3-4 fold increase of 

ara-CTP accumulation enhancement was 
reached after 4 h of preincubation with ei
ther of the drugs. In the resistant HL-60/ara
C cell line, however, no ara-C modulatory ef
fect of F-ara and 2-CdA could be observed, 
while 4 h of preincubation with HU resulted 
in a 2-fold increase of ara-CTP accumu
lation compared to control cells. The rea
son for these striking differences between 
drugs with a similar presumed way of action 
is not yet understood. Other factors than 
dCTP pool reduction are likely to be in
volved. 

Conclusion. These data identifying hydroxy
urea as an effective ara-C modulating drug 
even in ara-C resistant cells provide evi
dence that this agent should be reincluded 
into current considerations about modern 
leukemia treatment schedules to optimize 
ara-C treatment and to partially overcome 
ara-C resistance. 

Introduction 

The pyrimidine nucleoside ara-C plays a 
major role in the treatment of acute mye
loid leukemias (AML) in adults and chil
dren. Despite significant advancements in 
pediatric AML therapy, development of 
ara-C resistance as a major cause of treat
ment failure remains a problem. Resistance 
to ara-C in vitro [2,3,4] and in vivo [5-10] 
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can involve each of the major metabolic 
steps in the toxification pathway to ara-CTP 
[1], the presumably main determinant of 
ara-C cytotoxicity. Strategies to optimize 
ara-C treatment and to overcome ara-C re
sistance have primarily focused on en
hancement of cellular levels of ara-CTP. 
However, ara-CTP and the natural competi
tor deoxycytidinetriphosphate (dCTP) in
duce feedback inhibition of the rate-limit
ing toxifying enzyme, deoxycytidine ki
nase. This obstacle for further increases of 
ara-CTP accumulation even under opti
mized conditions [11] may be overcome by 
using ara-C-modulating strategies such as 
inhibition of ribonucleotide reductase 
which reduces dCTP and thus enhances 
ara-CTP levels. Combinations of ara-C with 
the ribonucleotide reductase inhibitors ar
abinosyl-2-fluoroadenine (F-ara-A) [11-
14] and 2-chlorodeoxyadenosine (2-CdA) 
are already used clinically [15]. Yet, their ef
ficacy in ara-C resistant cells has hardly 
been tested. 

Hydroxyurea (HU), another ribonucleo
tide reductase inhibitor, has been in clinical 
use since 1960, primarily in the treatment of 
chronic myeloid leukemia [16].In the 1980s, 
this relatively low-toxic agent attracted at
tention as an effective ara-C modulator in 
some solid tumors and in leukemias [17-20]. 
However, unlike F-ara-A and 2-CdA, HU is 
hardly used in AML treatment today. Based 
on these considerations we compared the ef
fectiveness of F-ara-A, 2-CdA and HU in 
ara-C sensitive and resistant HL-60 cell 
lines. 

Methods 

Drugs 

F-ara, 2-CdA, HU, natural nucleotides and 
ara-CTP were obtained from Sigma Chemi
cal Co (St Louis, MO). All chemicals were of 
the highest purity available. 

Ara-C and HU stock solution were pre
pared in sterile water, F-ara-A was dissolved 
in ethanol. The final concentration of etha
nol in the culture never exceeded 1 % and did 
not affect cell growth. Stock solutions were 
stored at -20°C. 
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Cell Lines 

The human acute myeloid leukemic cell line 
HL-60 was obtained from the European Col
lection of Cell Cultures, Salisbury, UK. The 
ara-C resistant HL60/ara-C cell line which 
was isolated according to a protocol by Bhal
la et al. (1984) [25] diplayed 1000-fold ara-C 
resistance and cross-resistance to F-ara-A 
and 2-CdA, but not to HU. Both cell lines 
were tested negative for mycoplasmal infec
tion. Cells were maintained in suspension 
culture at exponential growth phase in 
RPMI 1640 medium (GIBCO Laboratories, 
Grand Island, NY) supplemented with 10% 
heat-inactivated fetal calf serum (GIBCO) 
under standard conditions with 5% CO2• 

Cells were used for 6 weeks. In HL60 cells the 
50% inhibitory concentration (ICso) was for 
ara-C 5-10 11M, for F-ara-A 1-5 11M, for 2-
CdA 0.1-0.5 flM and for HU 500-1000 flM,in 
HL60/ara-C for ara-C 5000-7500 flM, for F
ara -A > 100 flM, for 2-CdA > 1 00 flM and for 
HU 500-1000 flM. 

Cellular Pharmacology 

Ex~onentially growing cells (0.5-1 X 
10 Iml) were incubated in HL-60 cells in 
ara-C 0.5-100 flM and in HL60/ara-C in ara
C 1-10000 flM. Cells were washed twice in 
ice-cold phosphate-buffered saline (pH 7.2) 
and counted prior to extraction. 

Preincubation experiments were carried 
out with F-ara-A 0.5 flM, 2-CdA 0.1 flM or 
HU 500 11M for 1-24 h. Drug concentrations 
were therapeuticallyrelevant and in accor
dance with literature [11,15,24]. Cells were 
washed and incubated in ara-C (10 flM) 
containing RPMI medium in a shaking wa
ter bath at 37°C for 1h. The incubation time 
(1 h) and the final ara-C concentrations (10 
flM for HL-60 and 5000 flM for HL-60/ara
C) were optimal to achieve ara-CTP accu
mulation below the saturation level. 

Nucleotides were extracted using tetra
butyl ammonium hydrogen sulfate. Separa
tion from other nucleotide triphosphates 
was done by an isocratic ion pair high-per
formance liquid chromatography (HPLC) 
method using a reversed phase C18 column 
(NOVA-PAK, Waters-FRG) and 0.09 M phos-



phate buffer (pH 6, tetrahydrofuran 0.35%, 
tetrabutyl ammonium hydrogen phosphate 
0.01 M) [22]. Quantification was by UV (270 
nm); the limit of detection was 25 ng/ml 
ara -CTP. Anthranilic acid was used as inter
nal standard. Ara-CTP levels were ex
pressed as picogram (pg) ara-CTP per 107 

cells [22]. 

Statistical Analysis 

Intracellular ara-CTP-concentrations with 
and without preincubation with F-ara-A, 2-
CdA and HU were compared using the 
Kruskal-Wallis One Way Analysis of Vari
ance on Ranks. To isolate the groups which 
differed from the others we used the Dunn's 
All Pairwise Multiple Comparison Proce
dure. 

Results 

Accumulation of ara-CTP in ara-C Sensitive and 
Resistant HL-60 Cells 

In HL60 cells 1-h incubation with increasing 
ara-C concentrations (0.5-100 flM) resulted 
in highest ara-CTP levels of 387.71 ± 110.99 
pMIl07 at a concentration of ara-C 10 flM (n 
= 60). In resistant HL-60/ara-C cells, mea
surable ara-CTP levels were not detected at 
ara-C concentrations up to 2500 flM.At ara
C 5000 and 10 000 flM, mean ara-CTP levels 
were 44.56 ± 11.09 (n = 3) and 76.11 ± 19.34 
(n = 2), respectively (Fig.I}. 

Effect of F-ara-A, HdA and HU on Cellular ara-CTP 
Accumulation in HL-60 Cells 

Compared to unpretreated controls prein
cubation of HL-60 cells with HU 500 flM, F
ara A 5 flM and 2-CdA 0.1 flM for 4 h caused 
2.8 ± 0.4 (HU), 2.9 ± 0.3 (F-ara-A) and 3.2 ± 
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Fig.l.Ara-CTP accumulation after 1-h incubation with ara-C 0.5-100 flM in HL-60 and ara-C 1-10000 f.LM in 
HL-60/ara-C cells. For HL-60 cells, one representative experiment is shown. For HL-60/ara-C cells, each point 
and error barrepresents the mean and standard deviation of 2-3 experiments 
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Fig.2. Effect of preincubation with F-ara·A, HU and 2-CdA on ara-CTP accumulation in HL-60 cells as com
pared to unpretreated controls. Values are the mean of 3 independent experiments in triplets. Standard devi
ations never exceeded 20% of mean. Significant (p <0.05) increases of ara-CTP accumulation were observed 
after preincubation with F-ara-A for 4-24 h, with HU for 1-24 h and with 2-CdA for 1-6 h 

004 (2-CdA)-fold increases of cellular ara
CTP accumulation (Fig. 2). The three drugs 
induced highest ara-CTP levels after differ
ent preincubation times: HU after 1 h (3.7 ± 
0.7-fold), F-ara-A after 6-24 h (2.9-3.5-fold) 
and 2-CdA after 4 h (3.2 ± Oo4-fold). 2-CdA 
was shown to be less effective after longer 
preincubation intervals even at concentra
tions up to 5 flM (data not shown). Increases 
of ara-CTP accumulation were statistically 
significant after preincubation with HU for 
1-24 h, F-ara-A for 4-24 hand 2-CdA for 
1-6 h. 

Effect ofF-ara-A,HdA and HU on Cellular ara-CTP 
Accumulation in Resistant HL -60/ara-C Cells 

HL-60/ara-C cells were preincubated for 4 
hours with the drug concentration used in 
the parental HL60 cell line (F-ara-A 5 flM, 
HU 500 flM, 2-CdA 0.1 flM) and subsequent-
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ly exposed to ara-C 5000 flM. While preincu
bation with F-ara-A and2-CdA did not exert 
any effect on ara -CTP accumulation, HU was 
shown to induce 2.0 ± 0.3 fold ara-CTP accu
mulation compared to cells treated with ara
C alone. This effect was statistically signifi
cant (p < 0.05). 

Discussion 

In contrast to the clinically applied ara-C 
modifiers F-ara-A and 2-CdA, HU at thera
peutic concentrations does not only en
hance ara-CTP accumulation in ara-C sensi
tive, but also in ara-C resistant HL-60 leuke
mia cells. 

Ara-C resistance is regarded as an impor
tant cause of treatment failure in pediatric 
and adult AML. Yet, hardly any studies on 
combinations of ara-C with modulators 
have been carried out in drug-resistant cell 



lines. For isolating our ara-C resistant 
HL60/ara-C cell line we used the protocol by 
Bhalla et al. {l984} [25]. Cross-resistance 
studies let us assume that ara-C resistance is 
caused by deficiency of deoxycytidine ki
nase (dCK), the rate limiting enzyme in the 
generation of ara-CTP. Since dCK-deficien
cy is also considered to be an important 
mechanism of ara-C resistance in vivo {l} 
the HL60/ara-C cell line used by us seems to 
be a representative model. 

F-ara-A, 2-CdA and HU are inhibitors of 
the ribonucleotide reductase which deplete 
intracellular dCTP and thus reduce feedback 
inhibition of dCK. However, to inhibit ribo
nucleotide reductase 2-CdA and F-ara-A 
need to be metabolised via dCK to the active 
triphosphates 2-CdATP and F-ara-ATP [l3]. 
Since our ara-C-resistant HL60/ara-C cell 
line seems to be dCK-deficient 2-CdATP and 
F-ara-ATP levels are presumably insufficient 
for affecting ribonucleotide reductase activ
ity. This might explain that in our study only 
HU was capable of enhancing ara-CTP levels 
in HL60/ara-C cells. Bhalla et al. {l991} test
ed another dCK-deficient, ara-C-resistant 
HL60/ara-C cell line and found supraaddi
tive growth inhibition by the combination of 
ara-C and HU, but in contrast to us no signif
icant increment in intracellular ara-CTP ac
cumulation [24,25]. 

Our ara-CTP results in HL-60 cells are in 
accordance with numerous studies which 
showed ara-CTP enhancing activity of F
ara-A [ll-14],2-CdA [15] andHU [18-20] in 
ara-C sensitive leukemic cell lines. Combi
nations of ara-C with F-ara-A and 2-CdA,re
spectively, have entered AML treatment pro
tocols for refractory disease in adults and 
children [14, 15]. However, in contrast to the 
already clinically applied 2-CdA and F-ara
A, only HU was able to increase ara-CTP lev
els in ara-C resistant HL60/ara-C cells as 
well. In the light of this HU should be consid
ered as a modifier of ara-C for the treatment 
of acute myeloid leukemia. 
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Primary Resistance to Ara-C in AML Progenitor Cells and its Modulation 
by Cytokines 

M. ZUHLSDORF, M. BRANDT, and TH. BUCHNER 

Abstract An assay for the cytotoxicity of cy
tosine arabinoside (ara-C) for AML progeni
tors was validated by correlation of the me
dian cytotoxic dose measured in vitro, 
D50[ara-C], with the reduction of AML 
blasts :s 5% in the bone marrow after 1 cycle 
of induction chemotherapy (TAD9). 

Bone marrow mononuclear cells from 29 
adult patients with de novo AML were isolat
ed on Ficoll-Hypaque prior to therapy, ad
herence depleted and incubated with 0 to 
100 11M ara-C for 12 h at 0.5 X 106 cells/ml. 
Cells were washed and assayed for AML pro
genitors in a serum free methylcellulose as
say. Dose responses with ara-C were evalua
ted by logistic regression, yielding a D50 of 
ara-C to quantify sensitivity or resistance to
gether with an estimate for its standard er
fOf. Clinical outcome of each patient was de
fined as the bone marrow blast content at 
day 16 following induction therapy with one 
cycle ofTAD9. 

Two groups of patients were formed by 
their in vitro sensitivity to ara-C, separated 
by the mean D50[ara-C] of 0.507 11M. Of 16 
patients with D50 values below this mean, 9 
had bone marrow blasts :s 5% after one 
course of TAD as opposed to 2 of 13 patients 
with D50 above the mean (p :s 0.05, non
parametric test). 

The ara-C sensitivity or resistance from 
this in vitro assay can be validated by the 
short term clinical results. The assay has 
been used to screen modulation of resis-

tance in vitro, i.e., with cytokines. The me
dian shifts ofD50[ara-C] observed after 48 h 
modulation with cytokines were ten fold for 
pIXY321,five fold for G-CSF and two fold for 
GM -CSF, with G-CSF giving the most consis
tent results. The resistance assessed and 
modulated here is of primary type, not sec
ondary as in assays comparing relapsed with 
de novo AML. 

Introduction 

The modulation of ara-C sensitivity of leu
kemic blasts by cytotoxic drugs or by cyto
kines has been studied in different in vitro 
assays, showing mostly some positive effect 
[1-5]. However, in vivo studies on priming 
with cytokines only gave positive effects for 
subgroups of patients at best [6-9]. A pos
sible explanation might be an overestima
tion of possible priming effects by in vitro 
conditions or a considerable statistical vari
ation of modulatory effects. 

Discrepancies between in vitro assays and 
in vivo studies would not be detectable un
less the in vitro assays employed are valida
ted by a correlation to clinical results. This 
study sought to correlate the ara-C sensiti
vity for AML progenitor cells as measured in 
vitro with the qualitative blast reduction in 
the bone marrow for adult patients with de 
novo AML after the first course of standard 
induction chemotherapy. 

Dept. of Hematology and Oncology, Westfalische Wilhelms-Universitiit, Miinster, Germany 
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Materials and Methods 

Bone marrow aspirates were obtained with 
informed consent from adult patients with 
de novo AML (bone marrow blasts 2: 80%). 
Mononuclear cells were isolated from Ficoll
Hypaque gradients, washed with IMDM,2% 
BSA and adherence-depleted overnight in 
IMDM, 10% FBS (Boehringer). Cells were 
washed,adjusted to 0.5 X 106/ml and, except 
for control samples, pretreated with 100 
V/ml of either cytokine in IMDM, 10% FBS 
for 48 h at 37°C, 5% CO2 in a fully humidi
fied atmosphere. Cytokines were r-metHuG
CSF (Amgen), or rhGM-CSF (Behring, E. 
coli-product), GM-CSF plus rhIL-3 (Beh
ring), pIXY321 (Immunex), or rhIL-1~ 
(Boehringer-Ingelheim). Cells were washed 
three times, counted and seeded at 50 OOO/mi 
in a serum-free CFV-L assay based on 1.3% 
methylcellulose with 20 mg/ml BSA (Sig
ma), 15 iJ.M water-soluble cholesterol (Sig
ma, solubilized with ~-methyl cyclodex
trin),50 iJ.M water-soluble linoleic acid (Sig
ma),2 iJ.g/ml human insulin (Sigma), 50 nM 
human transferrin, Fe-saturated (Sigma), 
100 ng/ml of rhSCF (Amgen), 2 ng/ml each 
of G-CSF, GM-CSF, rhIL-1~ (Boehringer), 
IL-3, IL-6 (Genzyme, CHO-product) and 2 
V/ml ofEpo (CHag) and 50 iJ.M of ~-mercap
toethanol (Biorad). After 14 days, colonies 
> 50 cells were scored on an inverted micro
scope. 

Dose responses yielded D50[ara-C] val
ues using the median effect-principle [10, 
11]. The colony number obtained without 
ara-C is co' the number at the given ara-C 
concentration is c. The formula used for the 
regression analysis is 

log (~o - 1) = m log D - m log Dso, 

where m is a scaling factor describing the 
curvature of the dose response and D is the 
actual dose of ara-C for each data point. 
With respect to the colony numbers c this is 
a logistic regression. Confidence limits for 
the D50 values were obtained from the re
gression analysis [12] in MapleV. The D50 
values for different pretreatments of indi
vidual samples were compared in a t-test ad
justed for unequal variances [12]. The D50 
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values for each factor from the cohort of 
samples were described and compared by 
their cumulative frequency distributions. 

The induction chemotherapy consisted of 
ara-C 100 mg/m2/day continuously i.v., days 
1 and 2, and 100 mg/m2 q 12 h as 30-min in
fusion days 3 to 8, daunorubicin 60 mg/m2 as 
60-min infusion days 3,4, and 5 and thiogua
nin 100 mg/m2 q 12 h orally days 3 to 9. 

Results 

The results on 29 samples measured for 
D50[ara-C] in vitro and the respective ther
apeutical outcome (marrow blasts reduced 
to ::; 5%) are shown in Fig. 1. The two sub
groups differ on a significant level of p <0.05 
(non parametric tests) and are separated by 
the mean D50[ara-C] of all samples, 0.507 
iJ.M. Quantitative correlations have also been 
calculated in linear and non linear models, 
with low correlation coefficients but signifi
cance levels of p <0.05 (parametric test). 

The modulation by growth factors and its 
extent in individual samples are shown in 
Figs. 2 and 3, the statistical results are sum
marized in Table 1. G-CSF and pIXY321 
yielded the largest shifts. 

100 
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Fig.1. Validation of assay by short-term clinical out
come. Ara-C sensitivities for AML progenitor cells 
were assayed in vitro, yielding a DSO[ara-C]. These 
results were grouped by the D50[ara-C] values. Pa
tients with in vitro sensitivities below the mean of 
the cohort had a higher chance to achieve a blast re
duction in the bone marrow to :S 5% by one course 
of induction chemotherapy 
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Conclusion 

The in vitro ara-C sensitivity of AML pro
genitors correlates qualitatively with a 
patient's marrow blast reduction ::; 5% on 
day 16 after standard dose ara-C induction 
therapy (TAD9). A quantitative correlation 
was not to be expected, since the effect of 

.. 
Fig. 3. Individual shifts of D50[ara-C) by 48 h pre
treatment with cytokines. Ara-C sensitivities were 
measured in vitro with and without cytokine pre
treatment for 48 h. The D50[ara-C) values were 
modulated by cytokine pretreatment with high 
interindividual variability 

Table 1. Descriptive statistics of individual shifts in D50 [ara-C): all shifts compared to control 

Growth factor no. Range Geometric mean Factor 
(responsive) (log) (log)::':: SEM 

G-CSF 13 [10) - 2.531 - 0.649 - 0.711 ::':: 0.261 5.14" 
GM-CSF 12 [4) - 1.858 - 0.665 - 0.268::':: 0.172 1.85 
GM-CSF + IL-3 8 [3) - 3.554 - 0.513 - 0.382 ::':: 0.373 4.15 
QIXY321 11 [7) -5.334 -0.191 -1.001 ::':: 0.516 10.02" 

Shifts, mean, median and SEM were calculated on a log scale. 
" Shifts with a statistical significance of p < 0.05 in non -parametric tests. 
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daunorubicin in the standard chemotherapy 
was not addressed in vitro. However, the 
qualitative result validates the in vitro assay. 

The ara-C sensitivity of AML progenitors 
in vitro shows considerable interindividual 
variation with a log normal distribution 
covering 2 logs. A similar range of variation 
has also been shown in other assays [13-15]. 
The mean LD50 values reported varied 
between 0.08 flM and 4.2 flM, depending on 
the method employed. Here, we report a me
dian D50[ara-C] of 0.5 flM, which has been 
found in this range for three different data 
sets with this assay so far [16-18]. 

Fortyeight hour pretreatment with rhu
metG-CSF and pIXY321 increased the ara-C 
sensitivity by factors of 5 and 10, respectively, 
while pretreatment with rhGM-CSF was less 
efficient. These modulatory effects of growth 
factors are highly variable, explaining some 
of the contradictions in published in vitro re
sults. Other assays have dealt with ara-C sen
sitivities measured in vitro for primary ver
sus refractory AML [14,15]. Thus, the differ
ences in drug sensitivity were of secondary 
type, i.e., occurring after chemotherapy, not 
of primary type, as assessed here. 
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Gemcitabine-Mediated Enhancement of 
Cellular Cytarabine-S ' -Triphosphate (ara-CTP) Accumulation 

v. HEINEMANN1,A. F. PINII,L. SCHULZ1,2,A. SCHALHORN1, w. WILMANNSI, 

and R. D. ISSELs1,2 

Abstract. Gemcitabine (dFdC) is a rather 
new antimetabolite which potentiates the 
cellular accumulation of its own 5'-triphos
phate (dFdCTP). Self-potentiation of 
dFdCTP accumulation is specifically in
duced by an enhanced salvage activity due 
to inhibition of ribonucleotide reductase, 
while the cellular retention of dFdCTP is 
prolonged by inhibition of dCMP deami
nase. The present study analyses to which 
extent the favorable modulatory properties 
of dFdC can be used to enhance cellular ara
CTP accumulation, an approach which spe
cifically may be applied to overcome cellu
lar ara-C resistance. At the clinically achie
vable ara-C concentration of 10 11M, HL-60 
cells accumulated after 2 h an intracellular 
ara-CTP concentration of 83 :::'::: 7 11M. Maxi
mal enhancement of ara-CTP accumulation 
(4.1:::'::: O.3-fold) was achieved bypreincuba
tion with 0.1 11M dFdC, while greater dFdC 
concentrations yielded lower enhancement 
factors. With regard to the duration of pre
incubation, a 2-3 h intervall appeared to be 
optimal. At a fixed concentration of dFdC, 
the enhancement of ara-CTP accumulation 
increased with ara-C concentration 
amounting to enhancement factors of 1.8 
and 2.6 after exposure to 1.0 11M and 10 11M 
ara-C, respectively. Cellular elimination of 
ara-CTP was nearly identical in dFdC-pre
treated- and control cells (T12 = 0.8 and 0.7 
h respectively). In fact, at a dFdC concentra
tion of 0.1 11M, dCMP deaminase activity 

was not inhibited. When the incorporation 
of ara-C into DNA was followed for a 20-h 
interval after drug washout, [3H]-ara-CDNA 

was 5-fold greater in dFdC-pretreated cells 
than in control cells. 

Introduction 

Gemcitabine is a new antimetabolite charac
terised by a self-potentiation of cytotoxic ac
tivity [1]. Unlike ara-C,gemcitabine inhibits 
ribonucleotide reductase [2], dCMP de ami
nase [3,4], and CTP synthetase [5]. This spe
cifIc interaction with enzymes of the cellular 
pyrimidine metabolism causes an increased 
phosphorylation of gemcitabine to the ac
tive triphosphate on the one hand and delays 
its elimination on the other hand [6]. Since 
gemcitabine induced a self-potentiation of 
its own activity, it was asked whether the 
drug could also be used as a modulator of 
the cellular ara-C metabolism. In fact, Gan
dhi and Plunkett [7] demonstrated that pre
treatment ofK562 cells with gemcitabine en
hanced the phosphorylation of arabinosyl 
nucleosides and induced synergistic cyto
toxicity. The present study performed in 
HL60 cells specifically focusses on the effect 
of gemcitabine-pretreatment on the cellular 
metabolism of ara-C and its incorporation 
into DNA. The modulatory effect of gemcita
bine is analysed in conjunction with hy
droxyurea to differentiate the effect of gem-
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citabine from single inhibition of ribonucle
otide reductase. 

Materials and Methods 

[5-3H] ara-C (specific activity, 29 Ci/mmol) 
was purchased from Amersham Life Sci. 
(Little Chalfont, Buckinhamshire, UK). 
[ 14C]dCyd (specific activity 48.7 mCi/mmol) 
was obtained from Sigma Chemicals Co. (St. 
Louis,MO). Gemcitabine was provided by Eli 
Lilly Research Laboratories (Indianapolis, 
IN). Ara-C and all natural nucleosides, nuc
leoside triphosphates, and eH] dCyd (specif
ic activity, 20 Ci/mmol) were products of Sig
ma Chemical Co., Inc. (St. Louis, MO). 

Cell Culture 

HL-60 cells were maintained in suspension 
cultures in exponential growth in RPMI 
1640 medium (GIBCO Life Technology Ltd., 
Paisley, UK) supplemented with 10% heat
inactivated fetal calf serum (GIBCO) at 
37°C in a humidified atmosphere contain
ing 5% CO2• The averare cell volume of HL-
60 cells was 0.765 X 10 fl. 

Nucleotide Extraction and Analysis 

Nucleotides were extracted from cells with 
0.4 N HCI04 [5], and the nucleoside triphos
phates (NTP) in the neutralized acid-soluble 
extract were analyzed by HPLC as previous
ly described [6]. For determination of de
oxynucleotides (dNTP), the NTP in the 
HCI04-soluble cell extracts were eliminated 
by periodate oxidation. Subsequently, dNTP 
were separated and quantitated by the HPLC 
method described elsewhere [2]. 

Assay of dCMP Deaminase Activity in Whole Cells 

For determination of dCMPD activity HL-60 
cells (1 to 3 X 107) were incubated with 0.2 
jJCi of [14C]dCyd in 5 ml of cell culture medi
um without fetal calf serum. The incubation 
was performed for 15 min in the presence of 
5 jJg of aphidicolin, and the reaction was ter-
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minated by washing with ice-cold phos
phate-buffered saline and subsequent ex
traction with 0.4 N HCI04.After neutraliza
tion of cell extracts, incorporation of radio
activity into dCTP and dTTP was analysed 
[3]. 

Determination of [3H]ara-C Incorporation into DNA 

After cell extraction with 0.4 N HCI04, 5 mg 
calf-thymus DNA was added to the acid-in
soluble extract, and the pellet was washed 
twice with 10 ml of 0.4 N HCI04• DNA was re
dissolved in 2 ml of 0.3 N KOH, after which 1 
ml was transferred for liquid scintillation 
counting of radioactivity [8] using an LS 
1701 Beckmann (Fullerton, CA) liquid scin
tillation counter and Rotiszint eco plus scin
tillation fluid (Fa Roth, Karlsruhe, Germa
ny). 

Software 

For determination of half-lives of cellular 
drug elimination and for calculation of the 
area under the concentration X time curve 
(AUC) the software Topfit was used on an 
IBM-compatible computer system [9]. 

Results 

Intracellular Accumulation of ara-CTP and 
Gemcitabine-Triphosphate (dFdCTP) in HL60 Cells 

HL60 cells were exposed in separate experi
ments either to gemcitabine or to ara-C. For 
drug incubations a time interval of 2 h was 
generally chosen since longer incubation 
times resulted in a decrease of intracellular 
drug-triphosphate concentrations. After 2 h 
of incubation, cells were extracted and ana
lysed for the respective drug triphosphates 
dFdCTP and ara-CTP. Within a concentra
tion range of 0.1 to 10 jJM, intracellular drug 
triphosphate concentrations were linearly 
correlated to the logarithm of dFdC- (r = 
0.979) or ara-C (r = 0.962) concentrations. At 
drug concentrations of 0.1 and 10 jJM, intra
cellular dFdCTP reached 71 ± 8 jJM and 289 
± 3 jJM, respectively, while ara-CTP 



achieved values of 25 ± 2 flM and 83 ± 7 flM, 
respectively. At drug concentrations of 0.1 
flM and 10 flM, the ratio of dFdCTP/ara-CTP 
amounted to 2.8 and 3.5, respectively. 

Kinetics of dFdCTP Elimination and dFdC-Metabolite 
Distribution After Exposure to 0.1 11M dFdC 

Since the majority of experiments was per
formed using a dFdC concentration of 0.1 
flM, the kinetics of dFdCTP elimination 
were specifically studied at this drug con
centration. After a 2-h incubation with 0.1 
flM dFdC, subsequent drug washout, and re
incubation in drug-free medium, dFdCTP 
was eliminated from the cells by log-linear 
kinetics (r = -0.964) with a half-life of 4.6 h. 

Enhancement of ara-CTP Formation as a Function of 
dFdC Concentration 

Cells were incubated for 2 h with dFdC 0.1-
10 flM, after which cells were washed out and 
were reincubated for further 2 h with 10 flM 
ara-C. Maximal stimulation of intracellular 
ara-CTP accumulation was observed at a 
dFdC concentration of 0.1 flM, where an en
hancement factor (EF) of 4.1 ± 0.3 was cal
culated). At greater dFdC concentrations 
like 1.0 flM or 10 flM, EF-values of 2.9 ± 0.1 
or 2.7 ± 0.1 were reached respectively. This 
observation possibly indicates a feed-back 
inhibition of dCyd kinase at dFdCTP con
centrations greater than 80 flM. By compari
son, pretreatment of cells to 5 mM HU 
caused an EF-value of 2.8. 

Importance ofthe Extracellular ara-C Concentration 
for dFdC -Mediated Enhancement of ara-CTP 
Formation 

It was asked whether the concentration of 
ara-C would have an effect on dFdC- or HU
mediated stimulation of ara-CTP synthesis. 
Using a fixed concentration of dFdC (I 0 flM) 
during the preincubation period, ara-C con
centrations were varied between 0.1 and 10 
flM. At an ara-C concentration of 0.1 flM, 
ara-CTP formation was inhibited with an 
EF-value of 0.3. However, at ara-C concen-

trations of 1.0 and 10 flM, EF-values of 1.8 
and 2.6, respectively, were observed. En
hancement of ara-CTP formation is appa
rently greater when cells are exposed to 
greater ara-C concentrations. 

Effect of the Duration of dFdC Preincubation on 
Intracellular ara-CTP Accumulation 

Cells were incubated with 0.1 flM dFdC for 
intervals of 0 to 4 h, after which dFdC was 
washed out, and cells were reincubated with 
10 flM ara -C for further 2 h. Enhancement of 
ara-CTP synthesis reached a plateau after a 
preincubation period of 2-3 h. All experi
ments were therefore performed using a 
dFdC-preincubation period of 2 h. 

Effect of dFdC on the Cellular Half-Life and AUC of 
ara-CTP 

When cells were exposed to dFdC 0.1 flM for 
2 h, and, after drug washout, were reexposed 
to ara-C for further 2 h, an ara-CTP concen
tration of 305 ± 15 flM was reached com
pared to an ara-C concentration of 83 ± 7 
flM in control cells. After a subsequent drug
washout and reincubation in drug-free me
dium, ara-CTP was eliminated during the 
first hour at a faster rate which was nearly 
identical for dFdC-pretreated and control 
cells (T1; = 0.8 and 0.7 h, respectively). Sub
sequent elimination was slightly slower in 
dFdC-pretreated cells (T1; = 3.4 h) than in 
control cells (T1; = 2.8 h). Pretreatment of 
HL60 cells with 0.1 flM dFdC produced an 
AUC.ra_cTp of 841 flmol X hll which was 4.3-
fold greater than in control cells (195 flmol 
X h/l). 

dFdC-Mediated Perturbation ofthe Intracellular 
dCTPPool 

In control cells, cellular dCTP amounted to a 
concentration of 6.44 ± 1.56 flM.After a 2-h 
incubation with 0.1 flM dFdC, dCTP was de
creased to a concentration of 5.26 ± 0.42 flM 
(82% of control), while 10 flM dFdC depleted 
the dCTP pool to 0.55 ± 0.57 flM (8.5% of 
control)_ 
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Effect of dFdC on dCMPD Activity 

HL-60 cells were exposed to [14C]dCyd for 
15 min in the presence of aphidicolin, and 
incorporation of radioactivity into dCTP 
and dTTP was assayed. In control cells, the 
ratio of e4C]dCyd incorporation into 
dCTP/dTTP was 1:2.8, indicating that in 
HL-60 cells the majority of dCMP synthe
sized by dCyd kinase is de aminated by 
dCMP deaminase and is subsequently chan
neled into the dTTP pool. Preexposure of 
cells to 0.1 flM dFdC for 2 h increased the in
corporation of radioactivity into dCTP by 
404-fold, while radioactivity in the dTTP 
pool only increased by 104-fold. The ratio of 
radioactivity in dCTP/dTTP changed ac
cordingly to 1:1.4. When radioactivity in 
dCTP and dTTP was taken together as a 
measure of dCyd kinase activity, 0.1 flM 
dFdC increased this value by 2.0-fold. At the 
greater dFdC concentration of 10 flM, incor
poration of radioactivity into dCTP was in
creased by 4.2 ± O.l-fold, while radioactiv
ity in the dTTP pool was decreased to 29% 
of control. The sum of radioactivity in dCTP 
+ dTTP was not significantly increased by 
10 flM dFdC indicating a presumably un
changed activity of dCyd kinase. 

Effect of dFdC on Incorporation of ara-C into DNA 

This experiment was performed to evaluate 
the effect of dFdC or HU on the incorpora
tion of [3H]-ara-C into DNA. HL60 cells 
were pre incubated with 0.1 flM dFdC for 2 h 
and were subsequently exposed to 10 flM 
eHl-ara-C for further 2 h. After cell extrac
tion, the acidinsoluble material was assayed 
for radioactivity. Preincubation with 0.1 flM 
dFdC caused a 3.7-fold enhancement of ara
C incorporation into DNA (ara-CDNA = 370 
± 44% of control). 

In a subsequent analysis, the kinetics of 
[3H]-ara-C incorporation into DNA were 
followed after washout of ara-C and reincu
bation of cells in drug-free medium. For 
comparison, ara-C DNA at drug washout 
was set equal to 1.0 in control cells. In unpre
treated cells, the amount of [3H]-ara-C in 
DNA rose to a value of 3.1 ± 0.15 during 20 h 
after drug-washout. After pretreatment with 
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0.1 flM dFdC, [3H]-ara-C DNA achieved a 
level of 15.6 ± 0.5. 

Discussion 

This study analyses the effect of gemcitabine 
as a modulator of cellular ara-C metabolism. 
The principal goal of modulation consists in 
the overcoming of cellular resistance to ara
C. The underlying hypothesis of the present
ed experiments consists in the assumption 
that gemcitabine modulates the cellular 
dNTP metabolism to an extent that also the 
phosphorylation of ara-C may profit from 
the self-potentiative effect of the drug. In 
fact, pretreatment of cells with gemcitabine 
(0.1-10 flM) induced a marked enhancement 
of intracellular ara-CTP accumulation 
which was greatest after preexposure to 0.1 
flM dFdC [enhancement factor (EF) = 4.1]' 
while greater gemcitabine concentrations 
resulted in lower EF-values (e.g., EF = 3.3 at 
0.3 flM dFdC and EF = 2.9 at 10 flM dFdC). 
The study demonstrates that dFdCTP con
centrations 2: 145 flM, as achieved after a 2-h 
exposure to 0.3 flM dFdC, have an inhibitory 
impact on the enhancement of ara-C phos
phorylation which might best be explained 
by a product inhibition of dFdCTP on dCyd 
kinase. Competition of gemcitabine and 
ara-C at the level of dCyd kinase should play 
a minor role since gemcitabine was washed 
out prior to ara-C exposure. 

When dFdC-mediated modulation of ara
CTP accumulation was analysed as a func
tion of extracellular ara-C concentration, it 
became apparent that enhancement of ara
CTP accumulation was only observed at ara
C concentrations greater than 1 flM. Similar 
results were also obtained when HU was 
used as the modulating agent (data not 
shown). It may therefore be concluded that 
enhancement of ara-CTP accumulation as 
effected by RR-inhibition is greatest at ara-C 
concentrations clinically achieved by inter
mediate- or high -dose ara -C treatment [10]. 

dFdCTP has a marked effect on its own 
elimination in that the drug-triphosphate 
inhibits dCMP deaminase, an enzyme play
ing a major role in dFdCTP catabolism. 
However, preincubation with gemcitabine 
had nearly no effect on the cellular elimina-



tion of ara-CTP, an observation also report
ed by Gandhi et al. [7]. Accordingly, it was 
concluded that the enhancement of ara-CTP 
accumulation was essentially due to a stimu
lation of ara-C phosphorylation rather than 
to an inhibition of ara-CTP elimination. Re
lating to the greater peak concentration of 
ara-CTP after gemcitabine preincubation, 
the AVC of ara-CTP was increased by a fac
tor of 4.9 compared to control values. 

dFdC is a known inhibitor of ribonucleo
tide reductase. Exposure of cells to 0.1 and 
10 11M gemcitabine depleted the dCTP pool 
to 82 and 8.5% of control, respectively. Inter
estingly, 0.1 11M gemcitabine caused a grea
ter enhancement of ara-C phosphorylation 
than 10 11M gemcitabine. Although dCTP 
supposedly acts as a feed-back inhibitor of 
dCyd kinase, the rate-limiting enzyme for 
dCyd analog phosphorylation, the greater 
dCTP depletion after 10 11M gemcitabine did 
not result in a correspondingly greater en
hancement of ara-C phosphorylation. It 
cannot be excluded that greater dFdCTP 
concentrations (289 ± 311M) may exert an 
additional inhibitory effect on dCyd kinase 
overcoming the activating effect of dCTP de
pletion. 

Since dCMPD takes part in the catabolism 
of ara-CTP, and since dFdCTP has been 
demonstrated to inhibit dCMPD in aT-lym
phoblastic leukemia cell-line (CCRF-CEM) 
it was of interest to analyse the effect of dFdC 
on dCMPD activity in HL-60 cells. The in 
situ activity of dCMPD activity was analysed 
by following the incorporation of [14C]dCyd 
into dCTP and dTTP. It was demonstrated 
that dFdC 0.1 11M increased the incorpora
tion of [14C]dCyd into dCTP by more than 4-
fold, while total phosphorylative activity of 
dCyd kinase, as determined by the sum of 
radioactivity in dCTP and dTTP, only dou
bled. Accordingly, it was concluded that, due 
to increased dCyd kinase activity, greater 
amounts of dCMP are available for deami
nation or phosphorylation. While under 
control conditions deamination is approxi
mately 3-fold greater than phosphorylation, 
nearly equal amounts of dCMP were chan
neled to either pathway in the modulated sit
uation. dFdC 0.1 11M consequently may be 
regarded as a relative inhibitor of dCMPD, 
while the overall rate of deamination in-

creases. In conclusion, incorporation of 
[14C]dCyd into dCTP is enhanced not only 
because dCyd kinase is activated, but also 
because less dCMP is deaminated by 
dCMPD. Since, to a lesser extent, also HV 
acts as a relative inhibitor of dCMPD, this ef
fect may best be explained by a lack of dCTP, 
the allosteric activator of the enzyme. When 
cells were exposed to 10 11M dFdC, incorpo
ration of [14C]dCyd into dCTP showed a 4-
fold increase. However, dFdC now caused a 
major inhibition of dCMP deaminase de
creasing the radioactivity in the dTTP pool 
to 29% of control. dFdC 10 11M did not in
crease the overall phosphorylation of 
[14C]dCyd as judged by the sum of radioac
tivity in dCTP and dTTP. Therefore, the in
creased channeling of P4C]dCyd into dCTP 
was due to inhibition of dCMPD rather than 
to an enhanced activity of dCyd kinase. This 
observation is in agreement with a previous 
report stating a rather high ICso (0.46 mM) 
for dFdCTP-mediated inhibition of dCMP 
deaminase in cell extracts. The present ana
lysis demonstrates that low concentrations 
of dFdC (0.1 11M) primarily modulate the 
cellular metabolism of ara-C by inhibition of 
ribonucleotide reductase. However, greater 
concentrations of dFdC (10 11M) may addi
tionally inhibit dCMP deaminase. 

At last, the question was asked whether in
hibition of DNA synthesis by gemcitabine
pretreatment would affect incorporation of 
ara-C into DNA. It was demonstrated that 
preexposure of cells with gemcitabine did 
not impair the activity of DNA synthesis to 
an extent which would prevent adequate in
corporation of ara-C into DNA. By contrast, 
gemcitabine enhanced incorporation of ara
C into DNA to an extent correlating with the 
enhancement of intracellular ara-CTP accu
mulation. 

When the kinetics of ara-C incorporation 
into DNA were followed during 20 h after 
washout of ara-C, it became apparent that 
ara-CDNA increased by 3-fold in controll 
cells, while in dFdC-pretreated cells ara
CDNA rose by 16-fold. It remains to be clari
fied if ara-C incorporation into DNA occurs 
as a result of ongoing DNA replication or if it 
is due to DNA repair activity. Since the cyto
toxic effect of ara-C relates to its incorpora
tion into DNA, a correspondingly greater cy-
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totoxic effect may be expected in dFdC-pre
treated cells. 

In conclusion, gemcitabine enhances 
intracellular accumulation of ara-CTP and 
correspondingly increases incorporation of 
ara-C into DNA. Only low concentrations of 
gemcitabine (0.1 11M) are needed to achieve 
maximal enhancement. Gemcitabine con
centrations of 0.1 11M are well achieved in 
patients using a 3D-min infusion schedule. 
Since gemcitabine shows a rather favorable 
toxicity profile, it appears to be an excellent 
drug for combination treatment and may 
serve to overcome ara-C resistance also in 
vivo. 
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Abstract. Novel biological strategies have 
emerged in recent years for the treatment of 
cancer. These include transfer of hemato
poietic stem cells for marrow reconstitution 
(BMT) after high-dose chemotherapy, trans
fer of activated tumor-reactive lymphocytes 
for adoptive cellular immunotherapy (AD!) 
of cancer and metastases, postoperative ac
tive specific immunization (AS!) with cancer 
vaccines, gene therapy, differentiation thera
py, antisense therapy, immunotoxins or 
receptor-based therapies. Some biological 
treatments have already been established for 
certain forms of cancer, for instance inter
feron-a administration for Hairy cellieuke
mia, BCG (Bacillus Calmette Guerin) for 
superficial bladder carcinoma and allogene
ic or autologous BMT for certain leukemic 
diseases. AD I was reported to have an overall 
response rate of about 25% in metastatic 
melanoma and renal cell carcinoma patients. 
For the vast majority of human cancer, how
ever, such as carcinomas oflung, gastrointes
tinal tract, breast or prostate, no effective 
biological treatments have been found yet. 

This report does not attempt to review the 
whole area of immunotherapy but focuses 
on progress from the author's laboratory. 

Immune T Cells Mediate Effective Immuno
therapy of Advanced Established Metastases 

Recently, we developed a new cellular cancer 
therapy with unique efficiency even in late-

stage disease [1]. In this model, in situ acti
vated tumor-immune T cells, induced in al
logeneic, tumor-resistant, MHC identical 
but superantigen different donor mice 
(B10.D2) could transfer strong anti-tumor
reactivity into ESb or ESb-MP lymphoma 
bearing DBAI2 mice. Systemic immune cell 
transfer into 5 Gy irradiated DBAI2 mice 
bearing up to 4 week established syngeneic 
tumors and macrometastases led to massive 
infiltration of tumor tissues by CD4 and CD8 
donor T lymphocytes [4]. 

Experiments with magnetic immunobead 
purified CD4 and CD8 immune T cells which 
were tested either separately or together re
vealed that there was a strong synergistic ef
fect in the targeting to liver metastases and 
their eradication. An approximately 25000-
fold excess of metastatic tumor load could 
be rejected as revealed quantitatively by 
FACScan analysis of lac-Z gene transfected 
tumor cells [1]. In contrast to some previous 
immunotherapeutic approaches and to clin
ically applied adoptive cell therapies with in 
vitro activated LAK or TIL cells, the mecha
nisms achieved with these in situ activated 
immune cells were effective without trans
fected or exogenously added IL-2. When we 
tested whether additional application of IL-
2 could further improve therapeutic effec
tiveness we found to our surprise a clear-cut 
negative or antagonistic effect of this cyto
kine when given systemically in conjunction 
with already effective in situ activated im
munecells. 

German Cancer Research Center, Division of Cellular Immunology, 1m Neuenheimer Feld 280, 69120 Heidel
berg, Germany 
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AD! therapy of tumor bearing mice was 
characterized by a dramatic decrease of gly
cogen and an increase of lipid content in the 
liver [5]. These biochemical changes had de
fined kinetics of appearance and disappear
ance. Serum liver enzyme levels (GOT and 
GPT), indicating liver damage, changed with 
similar kinetics. 

Future studies are aimed at further ana
lysing the mechanism of this very effective 
system of antitumor effector cell generation 
and the mechanism of the function of the 
cells in the DBA/2 tumor bearing host. To 
this end we have already established a varie
ty of new techniques including the use oflac
Z marked tumor cells for single cell detec
tion by whole organ staining or in frozen tis
sue sections [1], the ability to distinguish do
nor from host cells by immunohistology and 
new non-invasive diagnostic procedures in 
live intact animals by nuclear magnetic reso
nance (NMR) spectroscopy for high resolu
tion imaging of metastases and for the anal
ysis of metabolic changes at the primary tu
mor during ADI. The latter procedure of lo
cal 31P-NMR-spectroscopy allows to deter
mine tissue metabolites as well as intra- and 
extracellular pH values [6]. 

Viral Superantigens Mediate Augmentation 
of GvL and Suppression of GvH Reactivity 

We made use of new resistant recombinant 
inbred (RI) strains [7] from a cross between 
DBAI2 and BI0.D2 to generate antitumor 
immune effector cells and to transfer them 
back into the tumor bearing susceptible 
strain. By this adoptive immunotherapy 
(AD!) we were able to transfer strong graft 
versus leukemia (GvL) reactivity and only 
weak graft versus host (GvH) reactivity. 
While immune cells from BI0.D2 were 
transfering both of these activities, we were 
recently able to genetically separate in the 
above described new RI mouse lines D2.D-
1/9 and D2.D-1/8 GvL from GvH reactivity. 
In these RI lines, which lacked Mtv-7 provi
rus encoding the viral superantigen MIs', 
the anti-tumor response was sufficient to 
generate effector T cells which were able to 
transfer GvL reactivity into DBA/2 mice 
without causing lethal GvH disease. We re-
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cently found that V[36 T cell receptor-posi
tive T cells from donor mice recognize the 
Mtv-7 -positive tumor cells and contribute to 
the augmented GvL activity. 

Immune T Cells Affect Nitric Oxide (NO) 
Levels in Liver Endothelial and Kupffer Cells 
and Induce a Special Host Macrophage 
Response 

We were able to demonstrate in the ESbL
lacZ lymphoma model [8] micro environ
mental changes in the liver upon either me
tastatic progression or immune mediated 
regression [9,10]. Periods of tumor growth 
retardation were associated with the pro
duction of the cytotoxic molecule nitric ox
ide (NO) from arginine with the help of the 
inducible nitric oxide synthase (iNOS). This 
was shown for ex vivo isolated liver sinu
soidal endothelial cells and for Kupffer cells. 
A breakdown of this NO synthesis coincided 
with or preceded the final tumor expansion 
phase. The induction of NO synthesis by 
liver sinusoidal cells was dependent on ma
ture T lymphocytes. Transfer of immune T 
cells before the final tumor expansion phase 
prevented the breakdown of the NO re
sponse and metastatic progression. 

A further highlight was the discovery of a 
strong host response induced by the donor 
lymphocytes. This remarkable GvL associa
ted phenomenon was made in the liver with 
regard to a subset of macrophages bearing 
the adhesion molecule sialoadhesin (SER+ 
macrophages): in the livers of tumor bearing 
but not of normal mice their numbers in
creased between day 1-12 after AD! by a fac
tor greater 30 [4]. These cells, which were of 
host origin and interacted in forms of clusters 
with donor CD4 T lymphocytes, may func
tion as scavengers of the destroyed metasta
ses and as antigen presenting cells in the liver. 

Tumor Vaccines Are More Immunogenic 
After Virus Infection and Attachment of 
Bispecific Antibodies 

Immunogenicity of cancer cells represents, 
in all likelihood, the total sum of the immu-



nogenicity of a number of immunogenic 
epitopes. Effective anti-cancer vaccines 
should therefore include this antigenic mul
tiplicity. Vaccination with multi -component, 
multivalent vaccines rather than single or 
oligo-component vaccines appears to be 
necessary to achieve protection against hu
man cancers with inherent antigenic hetero
geneity and potential for immune escape. 

The aim for us therefore was to define 
quality and efficacy criteria for tumor vac
cines in metastasizing animal tumors, to de
velop strategies for increasing tumor vac
cine immunogenicity and to translate this 
knowledge into clinical practice. 

Our first efforts were based on tumor cell 
modifications by virus infection, in particu
lar using Newcastle Disease Virus (NDV) 
[11]. In the meantime we also performed 
gene transfection studies using MHC genes 
([12], cytokine genes (lL-4 [13], interferon
a},and viral genes (HN ofNDV) [14] to aug
ment tumor immunogenicity and to com
pare the effects of these different genetic 
manipulations. Furthermore, bispecific 
antibodies were generated to couple defined 
costimulatory molecules to the virus-infect
ed vaccines [15]. 

Important for the clinical application 
were the findings that the immunogenicity 
of a tumor vaccine depended strongly on the 
number of tumor cells, the cell viability [16] 
and the inactivation method [17] used. 
While MHC class I expression is important 
for CD8 cytotoxic T lymphocyte (CTL) 
stimulation, costimulatory signals are 
known to be necessary as well as accessory 
adhesive molecules which will facilitate cell
cell interactions. Transfection of a cDNA for 
the HN (hemaglutinin-neuraminidase) 
molecule of NDV into antigen-presenting 
cells (APC) revealed that HN expression at 
the cell surface increased APC adhesion with 
lymphocytes [18] and also increased induc
tion of antigen specific CD8 CTL activity 
(costimulation) [14]. Further modifications 
of NDV infection which lead to augmented 
antitumor function were proven to be the lo
cal induction of interferon-13 [19] and the 
increased capacity of such modified vac
cines to cause non-specific leukocyte re
cruitment [20] and to augment delayed type 
hypersensitivity (DTH) reactions [21]. 

In an attempt to further improve quality 
and efficacy of such tumor vaccines, we re
cently created bispecific hybrid antibodies 
(HyAbs) which could be attached to NDV in
fected cells because they anchor to HN. They 
introduce defined costimulatory molecules 
such as B7 or anti-CD28. We have successful
ly created for this purpose respective quad
romas as well as single chain scFv-reagents 
for studies in mouse models and in human. 

Recently we obtained also interesting re
sults with vaccines based entirely on either 
DNA or RNA vectors. We were able to show 
the induction of antigen specific humoral 
and cell mediated immune responses as well 
as of protective antitumor immunity using 
lacZ as a model tumor associated antigen. 
Parameters for optimal sites of injection and 
dosage were established. 

Clinical Studies 

On the basis of our preclinical findings we 
started in 1988 to develop a comparable 
NDV-modified autologous tumor cell vac
cine for clinical application in cancer pa
tients. This was done stepwise and systema
tically. It involved a number of additional 
steps, such as mechanical dissection and en
zymatic digestion of cells from a freshly iso
lated tumor mass, removal of debris, enrich
ment of tumor cells by Percoll centrifuga
tion and removal of tumor-infiltrating leu
kocytes by immunomagnetic beads [16]. 
This autologous tumor vaccine, designated 
as ATV-NDV, developed by us and our clini
cal colleagues, thus represents a live cell vac
cine defined by tumor cell number, viability 
and virus infection, which is inactivated by 'Y 
irradiation [21,23]. It is a multicomponent, 
multivalent vaccine, which closely matches 
the individual tumor of a patient. 

Immune responses to ATV-NDV were 
monitored in vivo by the DTH skin response 
to the vaccine as well as to autologous tumor 
cells without virus infection (ATV control). 
Patients whose DTH response to ATV could 
be significantly increased following vaccina
tion with ATV-NDV were considered immu
nological responder patients [21-24]. Clini
cal responses in postoperative, adjuvant, ac
tive-specific immunization studies were 
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based on disease-free and overall survival in 
comparison to the respective historic con
trols (phase II studies [16, 22, 24]. In ad
vanced renal cell carcinoma, treated with 
ATV-NDV plus recombinant interleukin-2 
and interferon a2b, we recently reported on 
clinical tumor response rates and 4-year sur
vival rates [25]. Immunological in vitro 
studies complemented the clinical studies. 
In ovarian carcinoma, autologous antitumor 
CTL responses were found in long-term 
mixed lymphocyte/tumor cell cultures [26] 
from ATV-NDV-vaccinated patients [26] 
while no tumor-specific CTL precursors 
were detected in peripheral blood lympho
cytes from ATV-NDV-vaccinated colorectal 
carcinoma patients [27]. It was, however, 
possible to excise vaccination sites from 
colorectal carcinoma patients, and to ex
pand and analyze T lymphocyte micro cul
tures in vitro for lymphokine production 
[28]. 

The majority of past and present clinical 
studies with tumor vaccines are non-com
parative in nature and have not focused on 
vaccine quality criteria. We recently investi
gated, in comparative studies, quality and ef
ficacy criteria of the vaccine ATV-NDV by 
analyzing three independent cohorts of pa
tients vaccinated between 1991 and 1995: 
primary postoperative breast cancer, meta
static pretreated breast cancer and metastat
ic pretreated ovarian cancer. The vaccines 
were standardized well in terms of low de
bris and leukocyte contaminations but they 
varied randomly in the numbers of viable 
cells applied and in dead cell contamina
tions. We were able to test the hypothesis 
that (1) the number of viable tumor cells and 
(2) the median vaccine viability could repre
sent parameters indicating the quality of 
ATV-NDV. A threshold for these two para
meters was defined and if both criteria were 
above this threshold the vaccine would be 
classified as type A (high quality) and, if the 
vaccine was missing one or both of these cri
teria, it would be defined as type B (low qual
ity).All three patient cohorts could be subdi
vided into two groups, which were similar in 
general prognostic parameters but had re
ceived vaccine of either type A or type B. In 
primary postoperative breast cancer, after a 
median observation time of more than 3 
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years and with more than 30 patients in each 
sub-group, the relative risk of dying in group 
A (high-quality vaccine) as compared to 
group B (low-quality vaccine) was only 0.2 
(univariant Cox model). There was a benefit 
with regard to overall survival (p = 0.026) 
and with regard to disease-free survival (p = 
0.089) for group A. In the other two cohorts 
analyzed there were also trends in favour of 
group A relative to group B [16]. 

As to the number of viable cells necessary 
for efficient induction of antitumor immu
nity, several investigators suggest an amount 
of about 107 viable cells for optimal efficien
cy. However, numbers of 3 X 106 and lower 
also showed an efficiency in certain cases. 
Our own early data concerning sensitization 
to non-modified tumor suspensions by tu
mor cell vaccines indicated that 3 X 106 cells 
and lower would still have immunological 
capacities. Taking into account that, in those 
studies, non-purified vaccines were used 
and small cell sizes were included, it is con
ceivable that, in the case of viable tumor cells 
only, even cell numbers of 1.5 X 106 might 
have immunogenic activity. High cell viabi
lity of a vaccine without sufficient viable tu
mor cells might not provide enough immu
nogenic tumor antigen for sensitization, and 
sufficient numbers of viable tumor cells con
taminated with a lot of dead cell material 
might lead to strong non-specific immune 
interference. This could explain the relative
ly poor prognosis of group B in comparison 
to group A patients and suggests that tumor 
cell number and vaccine cell viability repre
sent two independent parameters of vaccine 
quality [16].Although the data were derived 
from sophisticated methodological and sta
tistical procedures, they can only indicate 
trends. They suggest, however, potentially 
important parameters to be tested and vali
dated in prospective randomized studies. To 
our knowledge there are at present no ran
domized or nonrandomized trials that pros
pectively take into consideration the set of 
vaccine quality parameters analyzed. Also, 
except for that of Ockert et al. [23], there are 
no reports from other groups describing 
purification procedures for an autologous 
live tumor cell vaccine. Our data [16] suggest 
that future clinical vaccine trials should take 
into account a subset analysis for parame-



ters, such as tumor cell number and vaccine 
cell viability. 
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Gene Marking to Establish the Biology of Minimal Residual Disease 
and Relapse 

M.BRENNER 

Abstract. Gene marking studies have provi
ded valuable information about stem cell bi
ology, the factors that influence gene trans
fer efficiency, and the mechanism of relapse 
in patients receiving stem cell rescue as the
rapy for malignant disease. Second genera
tion studies are beginning to provide even 
more information about a wider variety of 
clinical and biological issues. Although 
marker studies have been useful, it is be
coming apparent that the indicator genes 
used up to now have a number of undesir
able characteristics. Future applications of 
marking, in the hemopoietic system and 
elsewhere, will require the use of marker ele
ments that will not produce any modifica
tion of the cells' behavior. Finally, marker 
studies have proved safe so far, but follow up 
of the treated patients continues. 

Introduction 

Gene marking may be used to track the in 
vivo behavior of almost any tissue [1,2], but 
for the technique to be successful, the 
marked cell must be followed not just for its 
entire lifespan, but also for the lifespan of all 
its progeny. Hence, vectors must be used that 
integrate in the host cell DNA or that exist as 
episomes that stably and efficiently replicate 
with the cell. In practice, this has meant that 
all marker studies to date have been per
formed using retroviral vectors. While these 
agents stably integrate, they also have many 

limitations, including a low efficiency of 
transfer and the ability to integrate only in 
cells in cycle. Moreover, concerns about their 
safety still linger. These properties have to 
some extent dictated the design and limited 
the interpretation of gene marking studies, 
but they have not precluded investigations 
that have provided definitive information 
about the in vivo behavior of normal and 
malignant cells. 

Material and Methods 

We used retroviral marking with two closely 
related vectors, LNL6 and GINa, kindly pro
vided by Genetic Therapy Inc. Both vectors 
are based on the Moloney virus and encode 
the neomycin phosphotransferase gene, neo. 
In all studies, a 6 hr transduction was used in 
the absence of growth factors, and the effi
ciency of gene transfer subsequently deter
mined phenotypically (from G418 resis
tance) and genotypically (by PCR and RT
PCR. Full details are provided in references 
[3-7]. 

Results and Discussion 

Gene Marking to Determine the Source of Relapse 
After Autologous HS( Transplantation 

While autologous HSC transplantation ap
pears to result in an improvement in survi-

Division of Bone Marrow Transplantation and Cell and Gene Therapy Program 
St. Jude Children's Research Hospital, Memphis, TN 38105, USA 
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val in many malignant diseases, relapse re
mains the major cause of treatment failure 
[8-11]. The possibility that residual tumori
genic cells may contaminate reinfused HSC 
has been debated for many years without 
any definitive evidence to support this hy
pothesis. One approach to determining if re
sidual malignant cells do indeed contribute 
to relapse is to mark the HSC product at the 
time of harvest and then find out if the 
marker gene is present in malignant cells at 
the time of a subsequent relapse. Over the 
last five years studies using this approach 
have been initiated in a variety of malignan
cies treated by autologous HSC transplanta
tion including AML, neuroblastoma, CML, 
ALL, lymphoma, multiple myeloma and 
breast cancer [3, 12-21]. In these studies 
marrow (or peripheral blood) HSC have 
been marked with either the LNL6 or the 
closely related GINa retroviral vector which 
encode the neomycin resistance gene. This 
marker gene can subsequently be detected 
in transduced cells, either phenotypically 
because it confers resistance to the neomy
cin analogue G418, or genotypically by PCR. 

The first marking studies were underta
ken at St. Jude Children's Research Hospital 
between September 1991, and March 1993, 
in patients receiving autologous BMT as 
part of therapy for AML or neuroblastoma 
[3, 13, 14]. In these studies one-third of the 
marrow was marked in a simple 6 h trans
duction protocol in the absence of growth 
factors. Of 12 patients with AML who re
ceived marked marrow, four have relapsed 
[6,22]. To definitively prove that the marker 
gene is in leukemia cells it is necessary to 
have a collateral leukemia specific marker so 
it is possible to show both this marker and 
the marker gene in the same cell. For exam
ple in one of the relapsed AML patients, the 
malignant blasts co-expressed CD34 and 
CD56, a combination not found on normal 
hemopoietic cells. The cells also had a com
plex t(1:8:21) translocation resulting in ge
neration of an AMLlIETO fusion transcript 
that could be identified by PCR. We were 
therefore able to sort blasts expressing CD34 
and CD56 and show co-expression in a sin
gle clonogenic cell of both a leukemia-spe
cific marker (the AMLl/ETO fusion protein) 
and the transferred neomycin gene [6]. In 
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two other patients, the malignant cells have 
contained the marker gene, while the fourth 
patient was uninformative. His marrow 
mononuclear cells had low levels of NeoR by 
PCR but no blast colonies grew in G418. 
Since his blasts did not have a leukemia spe
cific marker, the source of the PCR signal 
could not be determined. 

In the neuroblastoma study, five of nine 
patients have relapsed, and gene marked 
neuroblastoma cells were detected in four 
cases [7,22]. In these patients, identification 
of marked neuroblastoma cells was con
firmed by detection of co-expression of the 
neuroblastoma-specific antigen GD2 to
gether with the transferred marker gene. 
Four of the neuroblastoma patients relapsed 
in their marrow, but the fifth had disease re
currence in an extramedullary site in his 
liver. Biopsy of this extra-medullary site 
showed the presence of gene marked neuro
blasts [7]. Similar results have been obtained 
at MD Anderson Hospital in adult patients 
receiving autologous BMT for chronic mye
loid leukemia using an identical transduc
tion regimen [23]. In this study, marked ma
lignant cells co-expressing the t(9;22) and 
NeoR transcripts were found in two patients 
who relapsed following autologous BMT 
[23]. 

Not all efforts to use marker genes in this 
way have been successful. Studies in adult 
patients receiving ABMT in second remis
sion of ALL or AML, failed to find marked 
cells at relapse [24], but for logistic reasons 
only around 10% of the marrow was ex
posed to vector, reducing the sensitivity of 
the study, and the efficiency of marking of 
normal cells was very low (see below). 

The results of marker studies in AML, 
CML and neuroblastoma show definitively 
that marrow harvested in these three malig
nancies may contain residual tumorigenic 
cells that can contribute to disease recur
rence at both medullary and extra-medul
lary sites. However, it is important to point 
out that the presence of marked cells does 
not mean that contamination of HSC is the 
exclusive reason for disease recurrence; in
deed it may well be that it is only those pa
tients with a substantial overall burden of 
residual disease in whom contamination of 
HSC occurs. Nonetheless, the implication is 



that production of a disease free marrow 
will be at least one of the steps necessary for 
improving the outcome of HSC rescue, and 
that marrow purging will be required to 
achieve this aim. As will be described, gene 
marking can also be used to evaluate the 
purging technologies now available. 

Gene Transfer to Normal Cells 

These first generation marking studies also 
afforded an opportunity to evaluate the effi
ciency of gene transfer to normal progeni
tors. In the St. Jude study the presence of the 
gene in hemopoietic progenitor cells in vivo 
was confirmed by clonogenic assays that 
showed gene-marked progenitor cells in 
15/19 patients at one month after autologous 
BMT [5]. The marker gene continued to be 
detected and expressed for up to four years 
in the mature progeny of marrow precursor 
cells, including peripheral blood T and B 
cells and neutrophils. It was also detected in 
lymphoblastoid cell lines and in cytotoxic T 
cell lines derived from these patients. The 
level of transfer varied and was highest in 
marrow clonogenic hemopoietic progeni
tors, where an average of 6% of myeloid col
onies were G418 resistant. In peripheral 
blood cells, transfer levels were some five 
fold lower overall and varied between the 
lineages, being highest in myeloid cells and 
lowest in B lymphocytes. The reasons for the 
discrepancy between blood and marrow is 
discussed below (What is the Best Marker 
Gene?). The levels of transfer into marrow 
progenitors are higher than predicted from 
animal models and may be attributed to the 
fact that marrow was harvested during re
generation after intensive chemotherapy, 
when a higher than normal proportion of 
stem cells are in cycle. Similar results were 
seen in the MD Anderson study [23]. 

Limitations of Early Gene Marking Studies 
Although these first marking studies of re
lapse answered important clinical questions 
[5, 6], they also confirmed the need to in
crease the efficiency of gene transfer for fu
ture applications. Only modest levels of gene 
transfer into normal or malignant progeni
tor cells were obtained, even though these 

cells were obtained from patients recovering 
from ablative chemotherapy in whom con
siderable stem cell division might be antici
pated. Because the level of transfer is low, it 
means that a definitive conclusion can be 
drawn about the contribution of marrow 
based disease to recurrence only if a relapse 
is marked. Unmarked relapses might mean 
that marrow does not contribute to recur
rence, but they may equally well mean that 
relapse is generated by only a few marrow
derived malignant cells which have escaped 
being marked because of the inefficiency of 
the process, or that marrow derived cells 
make only a small contribution to disease 
recurrence. These alternative explanations 
may be particularly relevant when marking 
is used in patients receiving HSC rescue for 
solid tumors such as breast cancer [25], or if 
the marked marrow is also purged. In both 
cases, the numbers of malignant cells that 
are marked may drop below the detection 
threshold of the technique. An increased ef
ficiency of marking is one requirement to 
overcome this limitation. 

Second Generation Marking Studies 
The useful information gained from these 
initial studies has lead to the development of 
more complex gene marking protocols (Ta
bles 1 and 2). These are intended both to 
overcome the limitations of the earlier stud
ies, and to extend the range of questions that 
can be addressed by gene marking. The 
studies have evolved in three ways. First, it is 
now feasible to use two distinguishable 
marker vectors in a single individual, to al
low the simultaneous study of two distinctly 
treated cell populations. Secondly, progres
sively more purified populations of early 
progenitor cells are being used, an approach 
prompted by the desire not only to reduce 
the consumption of vector, but also to in
crease the efficiency of gene transfer (by al
lowing a higher MOl) and to allow the "true" 
pluripotent stem cell to be phenotypically 
identified. Finally a variety of growth stimu
latory agents have been added into trans
duction protocols in an attempt to increase 
the efficiency of gene transfer by inducing 
stem cells to enter cell-cycle and thereby be
come more susceptible to retroviral gene 
transfer. As one might anticipate, the marker 
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Table 1. Transduction regimens in marker studies in autologous BMT 

Institution Disease Transduction Regimen 

St Jude Children's Research Hospital 
[3,12-14,26,27] 

Acute Myeloid Leukemia 
Neuroblastoma 

6 h. No growth factors 

Pediatric solid tumors 

MD Anderson Cancer Center 
[12,16,17] 

Chronic Myeloid Leukemia 
Chronic Lymphoid Leukemia 
Lymphoma 

6 h. No growth factors 
or 
72 h on stroma 

Nationallnstitute of Health [18] Breast cancer 
Multiple myeloma 

72 h in IL3, IL6 and stem cell factor 
or 
6 h. No growth factors 
or 
72 h on stroma 

UniversityofIndiana [15] Acute Lymphoid Leukemia 
Acute Myeloid Leukemia 

4 h. No growth factor 

Fred Hutchinson Cancer Institute 
[19] 
University of Southern California 
[12] 

Lymphoma 
Solid tumors 

Lymphoma 
Breast cancer 

5 days in IL 1,113,116, SCF 

42-h preincubation in 113, IL6, or 
autologous plasma then 6 h in 
retroviral supernatant with no 
growth factors 

Karolinska Institute [20] 

University of Minnesota [12] 

University of Toronto [21] 

Multiple myeloma 

Chronic myeloid leukemia 

Multiple myeloma 

24 h in SCF, 113, IL6, bFGF 

3 weeks in long-term bone marrow 
culture 

Table 2. Double marking studies 

Comparison Institution 

Blood 
versus 
marrow 

Efficacy of 
purging 

National Institute of Health [18] 
MD Anderson Cancer Center [12, 16, 17] 
University of Southern California [12] 
St.Jude Children's Research Hospital 

St. Jude Children's Research Hospital 
[26,27] 

Unmanipu- St.Jude Children's 
lated CD34 Research Hospital [12] 
cells versus 
ex vivo 
expanded 
CD34 cells 

studies are at their most powerful when all 
three approaches are combined. 

Multiple Vectors May Increase the 
Information Gained from Marker Studies 

Initial marker protocols used a single vector 
for each patient so that the safety of each 
vector could be determined individually. As 
safety data have accumulated, however, it 
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has become permissible to use two distin
guishable vectors in a single individual. This 
greatly increases the potential of gene mark
ing, since these vectors can be used to com
pare the effects of particular marrow treat
ment within, rather than between, individu
als. Dual marker studies are in progress to 
determine the efficacy of purging, the rela
tive contributions of peripheral blood and 
marrow derived stem cells to repopulation 
after ABMT and the effects of ex vivo mar
row pre-treatment with growth promoting 
agents on subsequent engraftment. An ex
ample of each application follows. 

Use of Double Gene Marking to Monitor 
Purging 

We have begun second generation studies of 
marrow purging using two gene markers to 
compare either marrow purging versus no 
purging, or two different purging techniques 
[26,27]. We are using two closely related vec
tors, GIN and LNL6, which can be discrimi
nated by virtue of the differing fragment si
zes they produce after peR amplification. In 



the AML study, one-third of the marrow is 
frozen unpurged as a safety backup. The re
maining marrow is split into two aliquots 
which are marked with GINa or LNL6 and 
then randomly assigned to purging with the 
study drugs. At the time of transplant both 
aliquots are reinfused. Initially we compared 
4HC with IL-2, while current studies use 
4HC and CD15 [28]. If the patient should 
subsequently relapse, detection of either 
marker will allow us to learn if either of 
these purging techniques is effective. Eigh
teen patients have been treated on this pro
tocol as of June 1996. To date only one pa
tient has relapsed and the malignant cells 
were not marked. Of interest, long term 
transfer has been seen into normal progeni
tors, even when 4HC purging had rendered 
the HSC preparation entirely free of colony 
forming cells. This result confirms that 
measurement of gene transfer into commit
ted progenitor cells is an inappropriate sur
rogate for assessing gene transfer into plu
ripotent progenitor cells. A similar purging 
protocol for neuroblastoma has enrolled 
three patients [26]. 

Use of Double Gene Marking to Compare 
Long Term Reconstitution from Different 
Populations of Hemopoietic Progenitor Cells 

Double markers can be used to compare the 
short and long term repopulating ability of 
different sources of putative stem cells -
such as peripheral blood and marrow, or to 
determine the function of stem cell sub
populations, for example CD34+CD38+ ver
sus CD34+ CD38- progenitor cells. 

Source of Stem Cells 

Until recently, bone marrow was the sole 
source of HSC for clinical transplantation. 
The recent availability of alternate sources 
such as umbilical cord blood and peripheral 
blood progenitor cells has provided a need 
to evaluate their relative content of HSC. 
Currently available animal and preclinical 
human models can provide only a surrogate 
analysis of the behavior of HSC following 

clinical transplantation. By using two dis
tinguishable retroviral markers it is pos
sible to compare quantitatively in vivo and 
within each patient the short and long term 
reconstituting capacity of different popula
tions of HSC. This approach has been 
adopted in a study at NIH where the recon
stitution of blood and marrow has been 
compared in patients receiving autologous 
hemopoietic stem cell (HSC) rescue as the
rapy for myeloma or breast cancer [25]. In 
this study CD34 selected cells from blood or 
marrow were randomized to marking with 
two distinguishable retroviral vectors. Al
though the levels of transfer detected in 
vivo were low, the marker gene derived from 
the blood stem cells has been detected for 
up to 18 months, demonstrating that pe
ripheral blood and marrow HSC can each 
contribute to long term recovery [25]. Simi
lar studies are underway in adult patients 
receiving autologous transplant for lym
phoma and CLL [12] and at St. Jude in pa
tients receiving autologous HSC rescue for 
solid tumors. 

C034+ Cell Subpopulations 

There is now good evidence that CD34 se
lected cells will reconstitute patients after 
autologous marrow transplantation. The 
dual justification for CD34+ selection in the 
context of marking is that it reduces the re
quired volume of vector supernatant and 
that it may be a component of marrow purg
ing in patients in whom the malignant cells 
are CD34- or co-express CD34+ and one or 
more lineage commitment antigens. The 
marking approach can be used to discover 
the relative ability of distinct populations of 
CD34+ cells to produce long lived, multi
lineage reconstitution following re-infu
sion. This strategy is now being used to de
termine if lineage positive and negative 
CD34 subsets make a different contribution 
to short and long term reconstitution. Other 
possibilities include examination of the ac
tivity of Thy 1 + and Thyl- populations and of 
CD38+ and CD38- cells in vivo. This infor
mation will be useful in targeting gene 
transfer to the most relevant hemopoietic 
cell subset. 
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The potential disadvantages of selecting 
CD34+ cells or their subsets, is that immune 
reconstitution may be delayed, since mature 
lymphocytes are not transferred with the 
graft. There is a concern that this in turn may 
increase the risks of subsequent neoplastic 
change if undetected replication competent 
retrovirus (RCR) has contaminated the vec
tor. Three of eight primates receiving CD34+ 
selected autografts transduced with produ
cer lines making RCR - as well as high titer 
vector - subsequently developed lympho
mas containing wild type virus [29]. These 
animals had evidence of multiple cycles of 
infection with the replication competent vi
rus. These cycles of infection may have been 
possible because the CD34+ cell autografted 
monkeys made a poor immune response to 
what would normally have been an immu
nostimulatory inoculum of RCR. 

The advantages of CD34 selection may 
thus be counterbalanced - at least in part -
by a decrease in the margin of safety for 
marker studies. Nonetheless, almost all of 
the more recently approved marker studies 
use CD34 + cells as the vector target (e.g., [30] 
and see Table l). 

Use of Gene Marking to Determine Reconstitution of 
Ex vivo Manipulated Hemopoietic Stem Cells 

One of the aims of clinical stem cell trans
plantation is to minimize the period of mar
row aplasia following the procedure, by in
creasing the number of progenitor cells in
fused. This approach will only be of value if 
progenitor cell manipulation does not in
duce loss of self renewal capacity when the 
treated cells are returned to the host. One 
promising approach is to expand the pro
genitor cells 50 fold or more ex vivo, using 
stimulatory cytokines and/or stromal com
ponents. For example, patients with solid tu
mors have received autologous HSC using 
peripheral blood CD34 cells expanded ex 
vivo with IL-II3, IL-3, IL-6, SCF and Erythro
poietin either alone or in combination with 
unmanipulated cells [31]. The major con
cern about this approach is that stimulatory 
cytokines will not only induce primitive 
cells to expand but will also cause them to 
differentiate, and lose their capacity for self 
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renewal. Hence, ex vivo treatment with cyto
kines might produce faster initial engraft
ment but at the cost of later graft failure. In 
the study described above, engraftment was 
not significantly slower than historical con
trols. However, these patients were not hea
vily pretreated and did not receive ablative 
chemotherapy, so it is uncertain what the 
relative contribution of infused expanded 
cells and residual cells were to short and 
long term recovery. 

Gene marking can be used to address 
these concerns about the effects of growth 
stimulating agents on pluripotent progeni
tor cells and hence on long term engraft
ment. If can also be used to determine 
whether growth factor treatment also in
creases the efficiency of gene transfer. In
itial studies have suggested that current 
growth factor regimens may not favor ei
ther the expansion of stem cells or their 
transducibility. Primate and subsequent hu
man studies at NIH, used HSC from marrow 
or peripheral blood and transduced the 
cells with retroviral vectors after 72 h cul
ture in the presence of IL-3, IL-6 and stem 
cell factor. Although the level of transfer 
into committed progenitor cells post trans
duction was as high as 50%, the levels of the 
marker gene present in hemopoietic cells 
post transplant was lower than in the earlier 
St Jude studies in which growth factors were 
not used [32, 33], and engraftment with 
marked cells was not accelerated. This may 
reflect the different patient population 
(adults versus children and breast can
cer/myeloma versus leukemia/neuroblasto
ma), but alternatively it may indicate that 
culture with growth factors commits trans
duced cells to differentiation, so that high 
level, long term engraftment with trans
duced cells is not obtained. To try to resolve 
this issue, we are selecting CD34+ cells from 
harvested marrow and splitting them into 
two aliquots which are marked with LNL6 
or GINa [12]. One aliquot is frozen without 
manipulation while the other aliquot is ex
panded ex vivo for 7 days in IL-3, IL-6 and 
SCE Both aliquots are infused at the time of 
transplant. By tracking the two marker 
genes following transplant we will be able to 
determine whether ex vivo expansion re
sults in faster initial engraftment and 



whether this aliquot contributes to long 
term reconstitution. Because each patient 
acts as their own control, it should be pos
sible to discern the effects of any given 
growth factor regimen on stem cells, even in 
a small cohort of patients. 

The use of growth factors is only one 
means by which progenitor cells may be ex
panded and their transducibility increased. 
Another promising method includes the use 
of long term cultures, since studies in a ca
nine model have shown high levels of long 
term gene transfer if transduction is carried 
out in long term bone marrow culture [34]. 
This strategy is currently being evaluated in 
a marking study in myeloma patients recei
ving autologous BMT [21]. Other groups are 
studying the effects of adding stromal sup
port components to culture. For example, 
addition of a recombinant fragment of fi
bronectin serves to bring retroviral vector 
and target cell into close apposition and in
creases the efficiency of progenitor cell 
marking [35]. The effects of this fragment on 
marrow repopulating cells and on the effi
ciency of gene transfer will be tested in at 
least two human HSC transplant settings, 
using either neo or the MDRI gene to ascer
tain the fate of the treated cells. Finally, re
cent data suggest that treatment of animals 
with a combination of G-CSF and stem cell 
factor, mobilizes marrow progenitor cells 
that are more primitive and more readily 
transduced than after treatment with G-CSF 
alone [36]. Again, marking studies will rap
idly allow investigators to determine the 
true effect of such treatment on the survival 
and transducibility of the repopulating stem 
cell. 

Gene Marking Studies after Allogeneic BMT 

As described earlier, the very first gene 
marker studies made use of reinfused tumor 
infiltrating lymphocytes [37]. More recent 
studies have shown the feasibility and ap
parent clinical efficacy of adoptive transfer 
of CTL directed at viral or tumor antigens 
[38-42]. Gene marking provides a means to 
evaluate the biological efficacy of such an 
adoptive transfer approach, particularly in 
the recipients of allogeneic bone marrow. 

What is the Best Marker Gene? 

All of the clinical studies reported to date 
have used nea as the reporter gene. Nea has 
the advantage that its safety has been widely 
studied in many different animal models, 
and that it can be detected both phenotyp
ically and genotypically. It is unlikely, how
ever, that nea is the best marker to use. Inte
grating and expressing any new gene can 
modify the behavior of the cell being stud
ied. The activity of neomycin phosphotrans
ferase, the product of the nea gene, is not en
tirely restricted to its named substrate. The 
enzyme is also likely to phosphorylate cellu
lar proteins, and may thereby modify the 
growth or differentiation of cells expressing 
the gene. Such an effect has certainly been 
observed in the HL60 hemopoietic cell line 
in vitro [43]. Evidence that a similar phe
nomenon occurs in vivo comes from the al
most uniform observation that the propor
tion of cells positive for the nea marker gene 
in the circulation is 0.5 to 1 log below the 
number of cells that are positive as deter
mined by in vitro colony assays in the pres
ence of the neomycin analogue G418 [22]. It 
may well be that nea expression retards pro
genitor cell growth and differentiation in 
vivo. Even a modest retardation of progeni
tor cell development would rapidly diminish 
the numbers of nea progeny detectable. 
Only under the ex vivo selective pressure de
livered by agents such as G418 may it bepos
sible to obtain a true estimate of the fre
quency of transduced progenitor cells. 

There is an alternative explanation for the 
discrepancy observed between the propor
tion of cells that are nea-positive in vivo and 
ex vivo. It is now evident that when a new 
molecule is expressed by a transduced cell, 
an immune response may result that elimi
nates the transduced population. For some 
gene products, such as the hygromycin-thy
midine kinase fusion protein, the potency of 
this response may be striking, eliminating 
large numbers of transduced cells in less 
than 48 h [41].It is uncertain whether an im
mune response occurs after nea transduc
tion. If it does, it is less effective than the re
sponse to the Hy-Tk product, since nea pos
itive cells can be detected for at least 4 years 
after infusion, and neo marked T cells can 
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readily be expanded in vivo by appropriate 
antigenic stimulation [39]. Nonetheless, the 
possibility of a weak immune response that 
produces a steady state destruction of ma
ture neo positive cells in vivo cannot yet be 
excluded. 

Because of the limitations of neo as a 
marker, several alternatives have been pro
posed. Amongst the most widely studied of 
these are green fluorescence protein and cell 
surface markers such as truncated nerve 
growth factor [44] and CD24 [45]. Unfortu
nately, many of the same limitations de
scribed above will likely apply to these other 
options. Moreover, aberrant expression of 
cell surface molecules may lead to unwanted 
cell trafficking or harmful inter-cellular con
tacts, even if the cell surface molecule itself 
has been modified to preclude intracellular 
signalling. For the moment therefore, neo 
seems the most appropriate marker gene. 
Notwithstanding its limitations, the gene 
has proved its ability to act as a marker and it 
will continue to be used to address many is
sues concerning the biology of hemopoietic 
cells and their progeny. 

Safety 

A remaining concern about retrovirus-me
diated gene transfer into long-lived cells is 
the possibility of insertional mutagenesis. 
This mutagenesis could occur at the time of 
initial exposure to the vector or thereafter, if 
wild-type retrovirus contaminates the vec
tor or is formed by recombination. This con
cern has increased following the develop
ment of thymomas in monkeys injected 
with a vector contaminated with wild type 
virus [29]. So far, no events attributable to 
mutagenesis have occurred in more than 200 
patient years of study, with a maximum fol
low up of 5 years, but all patients will have 
prolonged follow-up, including genetic 
analysis of any tumors that may appear 
within the next 15 years. 
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Adoptive Immunotherapy in the Treatment of Post-Transplant Relapse 
and Epstein-Barr Virus Lymphoproliferative Disorders 

E. B. PAPADOPOULOS, S. MACKINNON, J. W. YOUNG, and R. J. O'REILLY 

Abstract. Adoptive immunotherapy has re
cently been recognized as an effective treat
ment for both post-transplant relapse of 
chronic myelogenous leukemia (CML) and 
the treatment of post-transplant Epstein
Barr Virus lymphoproliferative disorders 
(EBV-LPD). Sixteen patients have received 
donor-derived leukocytes containing a 
dose of CD3+ cells ranging between 0.2-1.0 
X 106 CD3+ cells/kg for treatment of EBV
LPD. Fifteen of the sixteen patients re
sponded with complete eradication oflym
phoma. Eight of thirteen evaluable patients 
developed either acute and/or chronic 
graft-vs.-host disease (GvHD). Of these 
eight, six exhibited mild GvHD and two pa
tients developed extensive chronic GvHD. 
Nine of the sixteen patients are alive and 
well approximately 6-50 months post -treat
ment. No patient has had recurrence of 
lymphoma. 

Donor leukocyte infusions have also 
been effective in the treatment of post
transplant relapse of chronic myelogenous 
leukemia. We have utilized a dose escalation 
approach attempting to achieve a graft-vs.
leukemia effect without a graft-vs.-host re
action in patients with hematologic, cytoge
netic, or molecular relapse of CML follow
ing T cell depleted transplants. Thirty-six 
patients have been treated with escalating 
doses of donor leukocytes ranging from 1 X 
105-5 X 108 CD3+ cells/kg. Of these patients 
with hematologic (chronic phase or acceler-

ated phase), cytogenetic, and/or molecular 
disease, thirty-two have responded. GvHD 
was seen in eleven of the responding pa
tients and none of the four nonresponders. 
Of the eleven patients developing GvHD, 
five developed limited chronic GvHD and 
six developed extensive GvHD. The dose of 
T cells required to achieve a response corre
lated with the status of disease at the time of 
the donor leukocyte infusion. In addition, 
the development of GvHD correlated with 
the cumulative dose ofT cells administered. 
Dose escalations of donor derived lympho
cytes result in durable remissions following 
post-transplant relapse of CML. Patients re
quiring a smaller dose of donor leukocytes 
to achieve remissions had a lower incidence 
of GvHD complicating this therapy. 

Introduction 

Recently, donor leukocyte infusions have 
been utilized for the treatment of numerous 
post-transplant complications, in particu
lar, Epstein-Barr virus lymphoproliferative 
disorders (EBV-LPD) [1] as well as other 
post-transplant viral complications [2], and 
for the treatment of relapsed disease [3,4, 
5]. Although the exact effector cell respon
sible for these effects is not known, T cells or 
certain subsets of T cells are thought to be 
among the primary mediators of these re
sponses. 

Memorial Sloan-Kettering Cancer Center (EBP,JWY,RJO) and The Rockefeller University OWY), New York, 
NY, USA; and the University College London Hospital, London, UK (SM) 
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Epstein-Barr Virus Lymphoproliferative Disorders 

Post -transplantation lymphoproliferative 
disorders are an uncommon but often lethal 
complication of both allogeneic bone mar
row and solid organ transplantation [6,7]. In 
the majority of cases, expression of Epstein
Barr virus proteins such as EBNA-1, EBNA-
2, EBNA-3, and LMP-1 has linked this virus 
to the development of these post-transplant 
lymphoproliferations [8]. Epstein-Barr vi
rus associated lymphoproliferative disor
ders (EBV-LPD) occur in approximately 
1-3% of bone marrow, kidney, or liver trans
plant recipients, and in 5-13% of heart or 
heart -lung transplant recipients. In all cases, 
they arise as a result of profound cell-medi
ated immunodeficiency. Although "benign" 
proliferations have been documented in 
both solid organ and bone marrow reci
pients, EBV-LPD arising after allogeneic 
marrow transplantation is most often a 
monoclonal, malignant proliferation which 
is refractory to standard therapies. Sponta
neous regressions have been noted in some 
cases but are more commonly seen in the 
setting of polyclonal or oligo clonal prolife
rations in solid organ recipients. In these pa
tients, cessation of immunosuppressive 
therapy can result in resolution of the lym
phoproliferations [9]. 

EBV -LPD following BMT usually presents 
as a malignant lymphomas with high grade 
histology, i.e., diffuse large cell or immuno
blastic types. These are most often of B-cell 
immunophenotype and donor cell origin. 
The onset is generally within the first 4-6 
months post -BMT, a period during which 
EBV-specific cytotoxic responses remain 
low or undetectable [15]. In addition, they 
tend to occur in the setting of increased im
munosuppression, i.e., in recipients of mis
matched or unrelated grafts, recipients of T
cell depleted transplants, or patients receiv
ing immunosuppressive therapy for the pre
vention or treatment of graft rejection or 
graft-vs.-host disease (e.g., cyclosporine, 
steroids, anti-thymocyte globulin or mono
clonal antibodies) [10, 11]. 

Until recently, the development of EBV
LPD was an often fatal complication of BMT. 
Treatment with chemotherapy or radiother
apy has been unsuccessful in the treatment 

680 

of EBV -LPD. The combination of IFN -ex and 
intravenous gammaglobulin has been re
ported to cause regressions of these lym
phoproliferative disorders but has not been 
consistently reproducible [12]. Treatment 
with anti-B-cell monoclonal antibodies has 
shown some efficacy, but this has been most 
promising in BMT patients with polyclonal 
or oligo clonal proliferations [13]. 

The period during which these patients 
are at greatest risk for developing EBV-LPD 
(i.e., the first 4-6 mos. post-BMT) is a time 
of profound deficiency of T-cell function 
induced by immunoablative cytoreduction 
or concomitant immunosuppressive thera
py. Therefore, major-histocompatibility
complex-restricted cytotoxic T cell re
sponses to viruses are delayed in these pa
tients. Since the frequency of EBV-specific 
cytotoxic T cells in normal, seropositive do
nor is approximately 1/400-1/25000, and 
since these lymphoproliferations are EBV
transformed donor cells growing in the 
host, we hypothesized that infusions of do
nor-derived leukocytes containing cytotox
ic T cell precursors that have been presensi
tized in the donor to EBV might effectively 
control or eradicate the EBV-transformed 
donor type cells. 

We previously reported on the efficacy of 
donor leukocytes in the treatment of 5 pa
tients with post-transplant EBV-LPD who 
achieved complete and durable remissions 
of disease following infusions of small doses 
of peripheral blood mononuclear cells de
rived from their EBV seropositive marrow 
donors [1]. We have since treated an addi
tional11 patients with donor leukocytes. Re
sults of treatment and patient outcomes will 
be presented. 

Chronic Myelogenous Leukemia 

Since the original reports of Kolb et al. 
[14] demonstrating the efficacy of large 
numbers of donor leukocytes in inducing 
remissions in CML patients relapsing 
post -transplant, numerous investigators 
have reported similar findings, thus 
confirming the efficacy of DLI in treating 
post-transplant relapse of CML [3, 4, 5]. 
However, although highly effective, with 



nearly 80% of patients treated in a chronic 
phase or cytogenetic relapse responding to 
therapy, most series have reported a high 
incidence of GvHD in patients achieving re
mission. 

In an attempt to limit GvHD following 
these infusions, we investigated whether 
substantially lower numbers of donor leuko
cytes could induce remissions, and if so, 
whether this would result in a lower inci
dence of GvHD than had been reported fol
lowing DLI therapy. We therefore designed a 
dose escalation study to assess whether the 
effect of donor leukocyte infusions could be 
achieved at T cell doses lower than that 
which would induce clinical GvHD. Forty
one patients have been treated on such a 
dose escalation trial. The results will be dis
cussed. 

Patients - Methods - Results 

EBV-LPD 

Sixteen consecutive patients developed 
EBV-LPD occurring a median of 113 days 
post-transplant. All patients were recipients 
of T cell depleted transplants by either the 
soybean lectin agglutination and sheep red 
blood cell rosette method (SBA-E-) (n = 15) 
or by a monoclonal antibody (TlOB9) deple
tion method (n = 1). The source of marrow 
in these patients was as follows: 8-HLA iden
tical siblings, I-mismatched sibling, 7-unre
lated donors. Fourteen of the 16 patients 
were on no immunsuppressive therapy 
when they developed the EBV-LPD. Two pa
tients were receiving cyclosporine and/or 
steroids. Clinically these patients presented 
with fever, localized or diffuse adenopathy, 
tonsillar enlargement, extranodal tumors 
involving the CNS, nasopharynx, lungs, gut, 
and liver. 

All 16 patients presented with diffuse, 
large cell lymphomas of B-cell phenotype. 
Eight of 10 evaluable specimens were of do
nor cell origin, and two were mixed do
nor/host but primarily donor. Clonality of 
the specimens was documented by either 
clonal rearrangement of the IgH chain gene 
or by size homogeneity of genomic termini 
of EBV episomal DNA. By one or both of 

these methods, 9 of 11 evaluable samples 
were monoclonal. 

Patients were treated with single infu
sions of peripheral blood mononuclear cells 
from their normal seropositive donors pro
vidingdosesofO.2-1.0 X 106 CD3+ T-cells/kg 
to recipients of unrelated grafts and 0.5-1.0 
X 106 CD3+ T-cells/kg to recipients ofHLA
matched sibling grafts. The doses adminis
tered were calculated to provide a dose of T
cells 10-fold higher than the threshold dose 
for acute GvHD in HLA-matched sibling re
cipients given at the time of the primary 
BMT,butstill10-foldlowerthan thatprovid
ed by an unmodified graft. The infusions 
were well tolerated. Complete pathological 
and/or clinical resolution of the EBV lym
phomas were observed in 15 of the 16 pa
tients. These responses were documented 
pathologically as early as 8-16 days post-in
fusion. Clinical remissions were achieved 
within 14-30 days. Nine of 16 patients have 
survived in sustained remission without 
further treatment for approximately 6 to 50 
months since leukocyte infusion. Two pa
tients died 8 and 16 days post-infusion from 
sepsis and interstitial pneumonia, respec
tively. At autopsy, there was no microscopic 
evidence of residual lymphoma in either pa
tient. Five other patients have died from leu
kemic relapse (n = 3),late sepsis with chron
ic GvHD (n = 1),or persistent EBV-LPD (n = 
1). Eight of thirteen evaluable patients devel
oped GvHD following DLI: 2 pts with acute 
GvHD (Gr I, II); 5 pts with limited chronic 
GvHD; and 2 pts with extensive chronic 
GvHD. 

Patients were also studied both pre and 
post DLI infusions for cytotoxic T-lympho
cyte responses to autologous EBV trans
formed B-lymphoblastoid cell lines (BLCL) 
derived from the normal marrow donor and 
the transplanted host using 
1. a bulk culture assay to measure cell medi

ated cytolysis against 51Cr labelled EBV
transformed lines and 

2. a limiting dilution assay to measure the 
frequencies of EBV-reactive CTL precur
sors. 

Our results suggest that in some recipients 
of both unmodified and T-cell depleted 
marrow grafts, re-emergence of EBV-BLCL 
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reactive T-cell populations may be observed 
as early as three months post -BMT, while in 
others, such CTLp frequencies may not de
velop until late after transplant [15]. In addi
tion' these studies have demonstrated that 
infusions of donor leukocytes can not only 
induce a marked increase in the overall 
number of T -cells in the transplant patient, 
but can also induce a rapid expansion of 
EBV -specific cytolytic T -cells increasing 
their frequency to levels equal to or in excess 
of those detected in immunologically nor
mal seropositive individuals. Patients stu
died at the time of EBV-LPD demonstrated 
no ability to lyse EBV-transformed targets 
derived from the donor. However, within 
two weeks of receiving a dose of donor leu
kocytes, these patients exhibited EBV speci
fic cytotoxicity and demonstrated EBV-spe
cific CTLp frequencies in the range of nor
mal seropositive donors. 

Although this approach has proven effi
cacious in the treatment of post-transplant 
EBV -LPD, the usefulness of this approach in 
both recipients of unrelated and mis
matched related transplants where one 
would anticipate greater allodisparity has 
not been proven. Therefore, future strate
gies must focus on isolation of HLA-re
stricted, virus-specific T-cells selected on 
the basis of their inability to react presence 
of alloreactive T cells in the infusion, with 
their potential for inducing GvHD, limit the 
against uninfected target cells of host or do
nor origin [16]. Alternatively, genetically 
modified, drug susceptibility gene positive, 
alloreactive T -cells or virus-specific T -cells 
could circumvent these problems by pro
viding a mechanism for in vivo destruction 
due to drug sensitivity [17]. 

CML 

Thirty-six patients with either molecular, 
cytogenetic, or hematologic relapse of CML 
following a T cell depleted allogeneic trans
plant were enrolled in a dose escalation trial 
of donor derived leukocytes containing tar
geted doses of CD3+ cells/kg of recipient 
weight. All patients were recipients of SBAE 
grafts derived from either related (n = 33) or 
unrelated (n = 3) donors. The first 10 pa-
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tients enrolled on study with either cytoge
netic or hematologic disease began treat
ment at a T cell dose of 1 X 105 /kg. There 
were 8 planned dose levels (CD3+ cells/kg of 
recipient weight): 1 X 105,5 X 105,1 X 106, 

5 X 106,1 X 107,5 X 107,1 X 108,5 X 108• The 
starting dose ofT cells was chosen because it 
represented the number of clonable T cells 
that, if administered on the day of trans
plant, is capable of causing GvHD. Dose es
calations during the earlier part of this trial 
were performed at a median of 6 weeks 
(range,4-33 weeks). 

No responses in these patients with cyto
genetic or hematologic disease were docu
mented at doses lower than 1 X 107 /kg. How
ever, 12 of the first 30 patients with cytoge
netic or hematologic relapse responded to 
doses of 1 X 107/kg, with only 2 of the re
sponders developing GvHD. 

Earlier studies by Mackinnon et al. [18] 
had demonstrated that the presence of mini
mal residual disease, detected using reverse 
transcriptase-polymerase chain reaction 
(PCR) able to identify bcr-abJ transcripts, 
had a high predictive value for subsequent 
relapse after T cell depleted transplants. Gi
ven this information, and noting that GvHD 
could be separated from graft-vs.-Ieukemia 
activity by using small, incremental doses of 
T cells, modifications were made to the orig
inal study design such that patients with evi
dence of molecular relapse (defined as a 
positive RT-PCR for bcr-abJ on both blood 
and bone marrow samples on two occasions, 
three months apart) were eligible for entry 
on this trial. Therefore, although patients 
with evidence of hematologic disease were 
enrolled at a starting dose of 1 X 107 /kg, pa
tients with evidence of molecular or cytoge
netic relapse only were entered at a lower 
starting dose of 3 X 106 /kg. 

Ten patients with either molecular (n = 4) 
or cytogenetic (n = 6) relapse of CML re
ceived DLI containing T cells at 3 X 106/kg. 
Of these, 6 have responded with complete 
cytogenetic and molecular remission. The 4 
patients failing this dose have been escalated 
to the next dose level of 1 X 107 /kg. 

Overall, 32 of the 36 patients have re
sponded to DLI. The cumulative dose re
quired to achieve a response correlated with 
disease status at the time of the DLI. For ex-



ample, patients with either chronic or accel
erated phase required higher cumulative 
doses of T cells to achieve response than did 
patients with either molecular or cytogenet
ic relapse only. Of the 32 responders, 11 pa
tients have developed GvHD. Of these 11, 5 
patients developed limited chronic GvHD 
and 6 extensive chronic GvHD. All patients 
developing extensive cGvHD received cu
mulative doses 2 5 X 107 /kg. Seven patients 
have died following DLI: one of progressive 
leukemia, one of idiopathic interstitial pneu
monitis occurring at the time of cytogenetic 
remission, two of infection in the setting of 
bone marrow aplasia following DLI, one of 
fungal infection in the setting of cGvHD, one 
of gastrointestinal hemorrhage while on 
steroids for treatment of GvHD, and one 
splenectomized non-responder died of 
pneumococcal sepsis after becoming non
compliant with penicillin prophylaxis. Bone 
marrow aplasia was seen in six patients. In 
four, all recipients of sibling donor grafts, the 
aplasia was transient and did not require a 
bone marrow boost. In two, both recipients 
of unrelated donor grafts, aplasia resulted in 
death before donor marrow could be ob
tained. 

In conclusion, our data indicate that pa
tients treated at a time of minimal residual 
disease, or with evidence of cytogenetic re
lapse only, may achieve remission with little 
or no toxicity when treated with DLI con
taining ::; 1 X 107 /kg. Therefore, our current 
strategy in the treatment of patients with 
CML is to perform T cell depleted trans
plants using the SBA-E- method, where the 
incidence and severity of acute GvHD is sig
nificantly reduced and where there is virtu
ally no chronic GvHD. Patients are then fol
lowed for evidence of molecular relapse or 
persistence of disease at 3-month intervals 
post -transplant. If molecular disease is iden
tified on two consecutive samples of both 
blood and bone marrow, patients receive a 
single dose of 3 X lOG/kg. If after a 4-month 
observation period, they remain persistent
ly PCR positive or have developed evidence 
of cytogenetic relapse, they proceed with 
further DLI escalation. Further study of this 
approach is needed to determine if this 
strategy will yield improved long term dis
ease free survival in patients undergoing al-

logeneic transplants for the treatment of 
CML. 
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Abstract. Using a murine transplantation 
model we have investigated the induction of 
GvL activity with allogeneic peripheral 
blood progenitor cells (PBPCs). We com
pared the influence of allogeneic PBPC and 
BM grafts on GvHR and leukemic relapse in 
mice bearing a B-lymphoblastic leukemia 
(A20). Furthermore, we evaluated the im
pact of T cell depletion on the risk of relapse 
and determined the effectiveness of ex vivo 
treatment with NK-cell activating cytokines 
as a compensation for the loss of T-cell de
rived factors stimulating natural cytotoxic
ity. Methods: After pretreatment of Balb/c 
(H_2d) recipients with 7.5 Gy of total bodyir
radiation, 2 X 107 rhG-CSF-mobilized 
PBPCs of syngeneic or MHC-identical DBA 
(H-2d) mice were transfered. Selective T-cell 
depletion (TCD) was performed by immu
nomagnetic purging with a monoclonal 
antibody directed against CD3. In some ex
perimental groups, T-cell-depleted PBPCs 
were incubated with 200 Ulml IL-2 and 100 
Ulml IL-12 for 24 hrs. To investigate anti
leukemic activity in vivo, recipient mice 
were inoculated with 1 X 105 A-20 cells (a B
lymphoblastic leukemia of Balb/c origin) 2 
days prior to PBPCT. Results: The mortality 
rate due to GVHD was identical after alloge
neic BMT and allogeneic PBPCT, although 
PBPC grafts contained the fourfold amount 
of CD3+ T cells than BMC grafts (61 % vs. 
15%). The relapse rates were 80% after syn-

I Department of Internal Medicine II and 
2 Institute of Immunology, University of Kiel, Germany 

geneic PBPCT and 60% after allogeneic 
BMT. After allogeneic PBPCT, a relapse rate 
of 34 % was observed, indicating significant-
1y (p < 0.05)superior GVL activity of PBPCT. 
After TCD of allogeneic grafts with anti
CD3, the incidence of GvH -related mortality 
was below 5% but leukemia free survival was 
decreased to 25% and thus was similar to 
syngeneic PBPCT (17%, p < 0.05). When 
CD3-depleted grafts were incubated with IL-
2 and IL-12, 45% of the animals remained 
free from leukemia. However, the difference 
was statistcally not significant. Our results 
suggest that stronger GVL effects can be in
duced by transplantation of PBPC as com
pared to BM grafts and that the ex-vivo acti
vation of residual MHC-matched NK-cells 
with IL-2 and IL-12 does not fully compen
sate for the abrogation of GvL-activity after 
depletion of CD3-positive T -cells. 

Introduction 

Clinical and experimental studies indicate 
that the transfer of allogeneic marrow cells 
can exert a beneficial antileukemic effect 
[1, 2], a phenomenon called graft-versus
leukemia (GvL) effect. Unfortunately, the 
antileukemic effect is often associated with 
clinically overt graft-versus-host disease 
(GvHD) [3].During the last years,several at
tempts have been made to retain or augment 
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the antileukemic potential of cells in the 
graft while avoiding GvHD. We have previ
ously described GvL effects without graft
versus-host reaction in a murine transplan
tation model [4). In this model, antileukemic 
efffects were correlated with NK-cell-medi
ated lysis determined in vitro. 

Recently, first successful allogeneic pe
ripheral blood progenitor cell transplanta
tion (PBPCT) studies have been reported [5, 
6) and it is possible that the transplantation 
of PBPCs will replace BMT after myeloabla
tive chemotherapy for treatment of hemato
logic malignancies. The major concern with 
allogeneic PBPCT was related to the as
sumption that the large numbers of T-cells 
contained in PBPC grafts [7) might give rise 
to an increased incidence or severity of GVH 
reactions. However, the experience with 
larger cohorts of patients receiving alloge
neic progenitor cell transplants [8, 9) sug
gests that the risk of developing acute 
GVHD may not be substantially higher after 
transplantation of PBPCs as compared to 
BMT. 

Following transplantation of T -cell-de
pleted bone marrow grafts, increased fre
quencies of graft failure and leukemia re
lapse were observed [10). We have demon
strated that the increased risk of engraft
ment failures is a consequence of the loss of 
progenitor cells after the technical maneu
vers necessary to deplete the T -cells [11, 12). 
Consequently, this problem should be avoi
dable with higher numbers of progenitor 
cells as contained in PBPC harvests. The in
creased risk of leukemia relapse [13) was as
sumed to result from the loss of T-cells. Re
cent data, however, suggest that NK cells can 
also exert high cytotoxic activity against leu
kemia targets [14,15). Due to the high num
ber of NK cells contained in leukapheresis 
products (up to 20 times more than in a bone 
marrow harvest) [7), the number of antileu
kemic effector cells could be significantly 
higher in T-cell depleted PBPC harvests than 
in T-cell depleted BM grafts resulting in the 
conservation of GvL activity following 
transplantation of T -cell-depleted allogene
ic PBPC grafts. 

The present preclinical studies were per
formed to compare GvL and GvH reactivity 
after PBPCT and BMT and to investigate the 

686 

influence of T cell depletion on GvL activity 
after PBPCT. Finally, ex vivo treatment of the 
PBPC grafts with NK-cell-activating cyto
kines was tested for its effectiveness to com
pensate for the putative loss of T-cell-de
rived stimulatory factors. 

Materials and Methods 

Animals. Balb/c (H-2d) and DBA (H_2d) mice 
were bred and kept at the animal facilities of 
the University of Kiel. All animals were 
housed in conventional cages, 7 to 10 ani
mals to a cage, and were given non-sterilized 
food and water ad libitum. Cotrimoxazole 
was given for 40 days after PBPC transplan
tation. 

Peripheral Blood Progenitor Cell Transplanta
tion. All recipients received a lethal dose of 
7.5 Gy total body irradiation (TBI) delivered 
by two opposing Cs l37 sources at a dose rate 
of approximately 1.5 Gy/min. Mice intended 
to serve as donors of PBPCs had their 
spleens removed at 8-10 weeks of age. Sple
nectomy was performed under general an
aesthesia at least 14 days prior to transplan
tation. Starting 5 days prior to collection of 
PBPCs,5 flg of rhu-met-G-CSF (Filgastrim, 
AMGEN, Thousand Oaks, CA) were injected 
subcutaneously twice daily. The last injec
tion of Filgastrim was given 2 h before har
vesting the PBPCs. The mice were then anti
coagulated with heparine, anesthezied, and 
killed by cervical dislocation. The peripher
al blood was collected under sterile condi
tions by dissection of both carotid arteries. 
For each single experiment, the peripheral 
blood from 4 to 5 donors was pooled. Eryth
rocytes were lysed by incubation of PB in 
0.15 M ammoniumchloride buffer at 20°C 
for 5 min. The cell number was adjusted to 
6 X 107 nuclear cells (NC)/ml. The cells were 
injected intravenously 2 h after irradiation. 

T-Cell Depletion. Donor T-cells were re
moved from the PBPC graft by immunom
agnetic separation. Magnetic beads (Dynal, 
Oslo), coated with goat-anti-mouse immu
noglobulin were coupled with anti-murine 
CD3 MoAb (KT-3, Serotec, Germany). The 
CD 3 MoAb was used at a concentration of 



11 flg/4 X 108 beads. Coupling of MoAb and 
magnetic beads was performed at 4 °C for 30 
min. The ratio of beads / target cell was 6:1. 
After coincubation of the magnetic beads 
with the PBPC graft at 21°C for 1h, CD3-
positive cells were removed with a perma
nent-magnetic device (Dynal, Oslo). Un
treated and T-cell-depleted grafts were ex
amined by FACS analysis for their content of 
residual CD3-, CD4-, CD8-positive T-cells 
using directly conjugated antibodies against 
these antigens (145-2C11, L3T4, Ly-2, 
Pharmingen, Germany). In addition, the 
number of myelocytic cells (Gr-lI11-26c.2a, 
Pharmingen, Germany), and of Ly49c-posi
tive NK-cells (5E6, Pharmingen, Germany) 
was determined. In general, vitality (deter
mined by propidiumiodid) was> 98%. 

Cytokine Treatment. T-cell depleted PBPCs 
were incubated in 25-cm2 tissue culture 
flasks (Greiner, Frickhausen, Germany) at a 
concentation of 1-2 X 106 / ml with 200 U /ml 
IL-2 (Genzyme, Munich, Germany) and 100 
U/ml IL-12 (Genetics Institute, Massachu
sets) in RPM I 1640 + 5% FCS for 24 h at 37°C 
with 5% CO2, Previous experiments have in
dicated that these concentrations induce 
nearly maximum effects with regard to cyto
toxic activity of purified allogeneic NK -cells 
in vitro. Effector cells were washed two times 
with RPMI before injection. 

Progenitor Cell Colony Assay. The progenitor 
cell content of the grafts was determined 
with the Methocult GF M3434 kit (Stemcell 
Technologies, Vancouver, Canada). The as
says were performed according to the proto
col of the manufacturer. CFU-GM were 
counted 12 days after plating of 1.5 X 104 nu
cleated cells rer dish. The cell concentration 
was 1.5 X 10 NC / ml. 

Leukemia Cells. A20 is a B-celileukemia/lym
phoma of Balb/c origin that occured sponta
neously in a 15 month old mouse [16]. It is 
nonimmunogeneic in syngeneic hosts. A20 
cells were continuously maintained in cul
ture in RPMI 1640 + 5% FCS at 37°C and 5% 
CO2, For in vitro cytotoxicity tests, fresh cul
tured cells were used. For in vivo experi
ments, spleen cell suspensions were ob
tained from tumor-bearing balb/c mice. Af-

ter inocculation with A20 cells and develop
ment of hepato-splenomegaly, donor mice 
were killed and their spleens were removed. 
Spleen cell suspensions containing close to 
100% of these in vivo passaged leuke
mia/lymphoma cells were stored in liquid 
nitrogen and used for further experiments. 

Assessment of Leukemia Relapse, GvHD and 
Graft Rejection. All animals were examined 
daily and necropsied after death. Signs of 
GVHD (weight loss, rough fur and gibbus) 
were documented. Periperal blood counts 
were performed every 3 days from day 7 to 
full recovery of hematopoiesis or death. 

Death due to leukemic relapse was de
fined as death with macroscopic evidence of 
tumor and liver weight > 1.5 g and spleen 
weight> 0.15 g. For some animals in each 
group histologic examination of liver and 
spleen was performed. Animals with hepa
to-splenomegaly were without exception 
found to harbour leukemic cells. Healthy 
mice of the same age were found to have a 
liver weight of 1.3 g ± 0,2 g and a spleen 
weight of 0.1 g ± 0.02 g. 

Death due to GVHD was defined as death 
with recovery of hematopoiesis (leukocytes 
> 3/nl and thrombocytes > 50/nI) and clini
cal signs of GVHD as weight loss, rough fur, 
hair loss, and gibbus. In some animals with 
clinically overt GVHD histologic examina
tion of skin and liver was performed which 
revealed changes compatible with acute 
GVHD. 

Death due to graft failure/graft rejection 
was defined as death between day 6 and 30 
after transplantation with leukocytes < lInl 
and granulocytes < 0.5/ nl. 

Assessment of NK-Cell Activity. Effector cells 
were prepared by density gradient centrifu
gation of peripheral blood cell suspensions 
of syngeneic Balb/c and allogeneic DBA 
mice. Target cells were obtained from cell 
culture and were labeled with 7.4 MBq 
NaS1Cr02 (Amersham-Buchler, Braun
schweig, Germany) in 0.5 ml complete medi
um for 1 h. They were washed 3 times with 
complete medium and added at a concentra
tion of 1 X 104 cells/well in round bottomed 
microtiter plates (Nunc, Denmark). Effector 
cells were added at various effector:target 
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ratios in a final volume of 200 fll/well. The 
plates were incubated for 4 hat 37°C in a hu
midified atmosphere with S% CO2, Maxi
mum chromium release was ensured by ad
dition of 10% Triton. The culture superna
tant was harvested with a Scatron Titertek 
System (Scatron, Suffolk, GB) and counted in 
a gamma counter (Beckmann, Heidelberg, 
Germany). The percentage of specific lysis 
was calculated as (Experimental cpm - spon
taneous cpm) I (Maximum cpm - spontane
ous cpm) X 100. All determinations were 
made in hexaplicate and data were calcula
ted as mean ± SE. Each experiment was 
done 7 times. 

Assessment of Long-Term Chimerism. In a 
number of surviving animals, long-term 
chimerism was investigated by FACS analy
sis determining the presence of the Lyt 1.1 
(CDS, clone Hll 86.1, Pharmingen, USA) 
antigen on spleen cells. This antigen exists in 
two different forms: Balb/c mice express the 
isoform Lyt 1.2, whereas DBA12 mice are 
known to express the Lyt 1.1 isoform of this 
antigen. Animals were killed on day 100 post 
transplant, the spleens were removed and a 
single cell suspension was produced. Un
treated animals of Balbi c and DBA/2 origin 
were used as negative and positive controls, 
respectively. If the recipient mouse showed 
the same fraction of splenocytes (± 6%) po
sitive for Lyt 1.1 as the DBA control animal, it 
was assumed to be a long-term chimera. 

Statistical Analysis. Survival and freedom 
from leukemia were calculated according to 
the method of Kaplan and Meier. The ex
perimental groups were compared using the 

Wilcoxon test. The calculations were done 
on a PC with Statistica statistical software. 

Results 

Cellular Composition of the Graft. Following 
treatment of DBA (H-2d) mice with subcuta
neous injections of 12S flg/kg rhu-G-CSF 
twice daily for S days, the number of white 
blood cells increased from 14.900/fll to 
S1.200/fll. In parallel, the number of CFU
GM rose from 2.3/fll to 2S.0/fll. We could 
demonstrate that 2 X 107 G-CSF-mobilized 
PBPCs are sufficient to ensure engraftment 
of allogeneic MH C-identical grafts (data not 
shown). and this number of cells was used in 
all subsequent experiments. Following im
munomagnetic purging, the amount of 
CD3-positive T-cells was reduced from 21.6 
to 0.3% (Table 1). In particular, the number 
of CD3/CD4-positive cells decreased from 
1.4 X 108 Ikg to 3 X 106 Ikg and the number of 
CD3/CD8-positive cells fell from 8.4 X 
107/kg to < 1 X 106/kg. Conversely, the per
centage of transplanted NK -cells was slight
ly increased. 

GvL and GvHD After BMT and PBPCT. To inves
tigate GVL effects, Balb/c mice bearing the 
lymphoid leukemia A20 were tranplanted. 
After i.v.injection of 1 X 105 A20 cells, all un
treated animals died after two months (me
dian 28 days). TBI with a dose of 7.S Gyand 
subsequent syngeneic PBPCT resulted in a 
prolongation of the time to relapse up to 43 
days and 20% of the animals remained free 
from leukemia. Transfer of allogeneic MHC
matched PBPC after the same pretreatment 

Table 1. Cellular composition of untreated and I-cell depleted PBPC grafts mobilized by subcutaneous injec-
tion of 2 X 125 flg G-CSF given for 5 days 

Percentage of nucleated cells positive for 

Donor I-cell Cytokine CD3/CD4 CD3/CDS CD19 
depletion incubation 

Balb/c None None 19.5 (4.1) 9.6 (2.S) 12.4 (3.0) 
DBA None None 14.5 (2.S) S.4(2.1) 14.3 (2.2) 
DBA AntiCD3 None 0.3 (0.2) 0.1 (0.1) 1S.0 (1.9) 
DBA AntiCD3 IL-2/IL-12c 0.3 (0.3) 0.1 (0.1) 19.6 (3.4) 

a Ihe monoclonal antibody 5E6 marks a subpopulation of NK cells. 
b CFU-GM were counted on day + 12 post seeding. 

5E6a Gr-1 

3.9 (O.S) 55.0 (6.4) 
4.6 (2.1) 57.4 (5.6) 
7.4 (2.4) 63.S (6.6) 
S.6 (3.0) 66.9 (7.4) 

C I-cell depleted PBPCs were incubated with 200 U/ml IL-2 and 100 U/ml IL-12 for 24 h. 
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CFU-GM/fllb 

23.6 (6.7) 
25.0 (4.5) 
n.d. 
n.d. 



Fig. 1. Freedom from leuke
mia of Balb/c mice injected 
with 1 x 105 cells of the B
lymphocytic leukemia cell 
line A20. Two days after leu
kemia cell injection, recip
ients were treated with 7.5 
Gy of TEI followed by trans
plantation of either syngene
ic or allogeneic (DBA) BM 
cells or PBPCs. In some ex
perimental groups, allogene
ic grafts were T -cell-depleted 
and activated with IL-2 (500 
U/ml) and IL-12 (100 U/ml). 
Transplantation of untreated 
allogenic PBPCs resulted in a 
significantly lower relapse 
rate as compared to synge
neic PBPCs, allogeneic BM 
cells or allogeneic T-cell-de
pleted PBPCs (p < 0.05) 

Fig. 2. Mortality after trans
plantation of allogeneic 
(DBA) grafts. Balb/c mice 
were irradiated with 7.5 Gy 
and received 2 x 107 G-CSF
mobilized BM cells or PBPCs 
which were either untreated, 
T-cell depleted only, or T
cell-depleted and activated 
with IL-2 (500 U/ml) and IL-
12 (100 U/ml). T cell deple
tion was performed by im
munomagnetic removal of 
CD3-positive cells by anti
CD3 coated magnetic beads, 
resulting in less than 10/0 
CD3+ cells as shown by flow 
cytometry. All animals died 
with signs of GvHD (weight 
loss, rough fur and gibbus) 
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of the recipient caused a significantly (p < 
0.05) lower relapse rate with freedom from 
leukemia of 66% demonstrating a strong 
GVL activity. Freedom from leukemia is 40% 
with a median time to relapse of 58 days af
ter allogeneic BMT and thus significantly 
lower than after allogeneic PBPCT (p < 0.05) 
(Fig. I). 

However, the antileukemic activity of al
logeneic grafts was associated with the oc
curence of GvHD (weight loss, rough fur, 
hair loss and gibbus). The cumulative inci
dence of mortality due to GvHD was com
parable in recipients of allogeneic PBPCs 
and BMT (Fig. 2). All surviving animals 
showed donor-type hematopoiesis. 
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T-Cell Depletion and Antileukemic Efficacy of 
Allogeneic PBPC Grafts. Immunomagnetic 
purging of allogeneic PBPC grafts reduced 
the proportion of CD3-positive cells to 0.4% 
(Table 1). However, the number and func
tion of graft-derived NK-cells was not nega
tively affected by this procedure. As indica
ted in Fig. 2, the incidence of GvH-related 
mortality decreased to 5%. All of the animals 
engrafted and showed donor-type hemato
poiesis. 

The GvL effect was significantly (p < 0.05) 
reduced after depletion of CD3+ cells from 
the PBPC harvest (Fig. O. Whereas 71 % of 
the animals remained leukemia free after 
unmanipulated PBPCT, freedom from leu
kemia was only 25% after T-cell-depleted 
allogeneic transplants and thus similar to 
unmanipulated syngeneic grafts. 

Ex-Vivo Activation of T-Cell Depleted PBPC 
Grafts with IL -12 and IL -2. In order to restore 
the graft-versus-leukemia activity lost after 
T-cell depletion, we have used IL-2 and IL-12 
to activate NK-cell-mediated antileukemic 
cytotoxicity (Fig. 3). After removal of CD3-
positive cells, the remaining PBPCs were in
cubated with 500 D/ml IL-2 and 100 D/ml IL-
12 for 24 h. None of the animals died due to 
GvHD (Fig. 2) or graft rejection and all sur
viving animals proved to be chimeras. The 
GvL activity of unmanipulated transplants, 

30 

however, was not reached by transplantation 
of cytokine-incubated CD3-negative PBPC 
grafts (Fig. 1). Only 45% of the animals sur
vived free from leukemia. The median survi
val time was slightly prolonged from 35 to 50 
days after pretreatment of the grafts with IL-
12 and IL-2. 

Discussion 

We did not find substantial differences 
between BM or PBPC grafts with respect to 
their GVHD-inducing potential. Roughly 
the same rates of mortality due to GVHD 
(25%) were observed after allogeneic BMT 
and PBPCT. With approximately threefold 
more T-cells in a PBPC graft as compared to 
marrow this is a surprising yet unexplained 
finding which is in line, however, with clini
cal observations reported so far [8]. 

Our data suggest an advantage of PBPC 
grafts over BM grafts with regard to antileu
kemic activity which could be caused by 
higher number numbers of T cells and NK 
cells in the PBPC harvests. Both cell types 
have been shown to be involved in GVL ac
tivity [14]. 

GvHD is caused by alloreactive T-cells 
and removal of CD3-positive cells can pre
vent GvHD-related mortality in animal 
models [12,16]. Clinical trials,however,have 

-- allogeneic. IL·12 (100 U/ml). IL·2 (500 U{mll 

....... aliogeneic.IL-2 (500 U{mll 

690 

25 

15 

10 

5 

__ . allogeneic. IL-12 (100 U{mll 

-+- allogeneic. no treatment 

-+-. syngeneic.no treatment 

.... :;. .. 
........... ::~: .... :.>.". 

...... " 

.-... :r::::~."-- • .. ::;::;::::.:;::::::._._._. ~.- .. -.. -.'-' .-.. -.. -... _ .. -.. -.. _ .. _ .. _ .. 
OL----r--------~--------~--------r-

6.25:1 12.5:1 25:1 50:1 

effector cells: target cells 

Fig. 3. Cytolytic activity of al
logeneic (DBA) and synge
neic (Balb/c) effector cells 
against cultured A20 leuke
mia cells. Effector cells were 
splenocytes which were ei
ther untreated or activated 
with 1L-2 (500 U/ml) andlor 
1L-12 (lOO U/ml) for 24 h. 
The cytolytic activity was 
determined in a convention
al 4 h Cr-release assay. Data 
were pooled from 6 separate 
experiments 



revealed that transplantation of T-cell de
pleted bone marrow was followed by in
creased graft failure and relapse rates lea
ding to inferior overall survival [10]. 

The use of PBPCs instead of BM cells may 
help to overcome the two major problems of 
purged bone marrow transplants. In con
trast to BM cells, PBPCs can be harvested in 
virtually unlimited numbers to ensure en
graftment. Recent clinical data show that the 
transfer of high numbers of G-CSF mobi
lized CD34+cells allows successful engraft
ment even in the haplo-identical setting 
[17]. The increased risk ofleukemia relapse 
[10] after T cell depletion could also be posi
tively affected by the use of PBPCs instead of 
BM cells. Due to the number of NK -cells in 
PBPC harvests, GvL activity may be partly 
conserved if peripheral progenitor cells are 
selectively depleted from CD3-positive T
cells. 

Our experimental data clearly indicate 
that the depletion of CD3-positive T-cells 
can result in complete loss of antileukemic 
activity exerted by allogeneic G-CSF-mobi
lized PBPCs (Figure 1). NK cells remaining 
in the graft were not able to exert significant 
antileukemic activity in vivo. Since this may 
be due to the lack of T-cell derived stimula
tory signals, PBPCs were incubated with 
NK-stimulatory cytokines prior to grafting. 
Although treatment with IL-2 and IL-12 re
sulted in significanty enhanced natural cy
totoxicity in vitro, it was not able to restore 
the GVL effect of unmanipulated grafts in 
vivo. No increase in the incidence of GvHD 
was observed in animals treated with cyto
kine-activated CD3-negative transplants 
which confirms previous data suggesting 
that allogeneic NK-cells do not exert biolo
gically significant reactivity against other 
than hematopoietic tissues of the host [18, 
19]. 

There are some limitations with regard to 
the conclusions that can be drawn from pre
clinical animal models. Although our model 
resembles a common clinical setting (MHC
identity, T-cell sensitivity and NK-cell resis
tance of the malignancy), the results are lim
ited to this specific situation. There is in
creasing evidence that NK-cells derived 
from MHC-mismatched individuals exhibit 
higher lytic activity because not all of their 

inhibitory receptors will bind to self-type 
HLA-molecules [20]. In such a situation, ac
tivated NK-cells might be able to compen
sate for the loss of GvL activity after T-cell 
depletion [21]. 

Taken together, our findings suggest that 
increased graft-vs-leukemia (GVL) effects 
following transplantation of allogeneic 
MHC-matched PBPCs as compared to BM 
grafts will be completely abrogated even af
ter selective (specific) T-cell depletion.Acti
vation of MHC-matched NK-cells with IL-2 
and IL-12 in vitro does not fully compensate 
for the loss of GvL activity after depletion of 
CD3-positive T-cells. 
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Introduction 

Over the past few decades 2222 patients 
have entered seven consecutive ECOG 
studies for acute myeloid leukemia (AML) 
for an overall complete remission rate of 
64% (Table O. Accurate follow-up data are 
available on almost all patients and indi
cate a steady improvement in long-term 
survival, generally paralleling increasing 
the intensity of post remission therapy [1]. 
However, this difference is generally not 
observed among older adults over age of 55. 
The complete remission rate has not 
changed over much of this period using a 
fairly uniform induction regimen for most 
of the studies. While most adults with AML 
can achieve complete remission the chal
lenge has been to maintain the duration of 
the disease-free survival especially in older 
adults. In this latter group, little progress 
appears to have been made. 

Materials and Methods 

The following data have been collected from 
seven consecutive ECOG studies of patients 
withAML since 1976: E2476 (n = 293); E1479 
(n = 310); E3483 (n = 483); PC486 (n = 115); 
E3489 (n = 808); E1490 (n = 119); E2491 (n = 
94) for a total 2222 patients, and is a follow-

up to previously published data [2,3]. Data 
are also described separately for patients 
above and below age 55 (Tables 2 and 3) since 
1979 the induction regimens have been al
most identical, allowing for a reliable assess
ment of any effect that may be due to changes 
in supportive care and in the various modal
ities used as post remission therapy. 

Table 1. AML studies, 1976-1991 newly diagnosed pa
tients (n) 

E2476 293 
E1479 310 
E3483 483 
PC486 115 
E3489 808 
E1490 119 
E2491 94 
Total 2222 
CRrate 64% 

Table 2. CR by protocol: patients < 55 years 

Patients CR rate 
Study (n) (%) 

E2476 187 56 

E1479 181 67 
E3483 353 68 
PC486 115 73 
E3489 808 68 

E2491 70 79 

1 Hematology-Medical Oncology, University of Rochester, Rochester, NY, USA 
2 Dana Farber Cancer Institute, Boston MA, USA 
3 Sylvester Comprehensive Cancer Center, University of Miami, Miami, FL, USA 
4 Northwestern University Medical School, Chicago IL, USA 
5 Albert Einstein Cancer Center, Bronx, NY, USA 
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Table 3. CR by protocol patients> 55 years 

Study 

E2476 
E1479 
E3483 
E1490 
E2491 

Patients 
(n) 

106 
129 
130 
119 
24 

Table 4. Induction regimens 

Study Induction regimen 

E1479 } 
E3483 DAT 
PC486 
E1490 DA 

E3489 IA 

Daunorubicin 
Ara-C 
6-thioguanine 
Daunorubicin 
Ara-C 

Idarubicin 
Ara-C 

CRrate 
(% ) 

40 
53 
55 
54 
71 

60 X 3 days 
200 X 5 days 
100 X 5 days 

60 X 3 days 
100 X 7 days 

12 X 3 days 
100 X 7 days 

One to two courses to CR (day 10-14 marrow) 

Table 4 summarizes the induction regimens 
used since 1979 for each of the protocols. 
Fundamentally, these are very similar con
sisting of three days of an anthracycline to
gether with cytarabine. The APL ATRA pro
tocol (E2491) is not included. 

E1479 

This was a study evaluating the role of mod
erate consolidation therapy prior to mainte
nance therapy (Fig. 1). In this study all pa
tients had de novo AML, ages 15-70. Induc
tion therapy consisted of DAT (Table 4) and 
all patients who entered complete remission 
were randomized to either go directly to 

Assign 
Randomize 

maintenance therapy or to receive two 
courses of moderate-dose consolidation 
therapy conslstmg of: daunorubicin 
45/mg/m2 IV/day X 2 days; cytarabine 
100/mg/m2 IV/q12h X 5 days; 6-thioguanine 
100/mg/m2 po q 12h X 5 days. Maintenance 
therapy was given for two years employing 
the following regimen; 6-thioguanine 
40/mg/m2 po b.i.d. 4 days per week and cy
tarabine 6O/mg/m2 sc one day per week. 

E3483 

This was a randomized study of more inten
sive post remission therapy and was the first 
ECOG study to attempt to evaluate the role 
of bone marrow transplantation (Fig. 2). 

Importantly, an observation arm was also 
included and the overall age of patients in 
this study (except allo BMT) was 15-65. In
duction therapy consisted of DAT as in the 
previous study (E1479) and consolidation 
therapy consisted of cytarabine 3/mg/m2 IV 
q12h over 1 h on days 1-6 and amsacrine 
100/mg/m2 IV days 7-9. 

P(486 

This was a pilot study designed to test the 
feasibility of using purged autologous trans
plants (Fig. 3). 

In this pilot, patients received induction 
therapy with DAT and those in complete re
mission (CR) were directly assigned to al
logeneic transplantation if they had a histo
compatable sibling and were less than 41 
years of age. If no HLA sibling was available, 

+ I I I Observation II Maintenance I 
Allogeneic BMT . . . . 

Intensive-dose 
consolidation 

HD-ara-C Fig. 1. E3483: randomized 
study of postremission ther
apy 

+ mAMSA 
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Fig. 2. E1479: randomized 
study of maintenance ± 
moderate consolidation 

Moderate-dose 
consolidation 
Daunorubicin 

45 mg/m 2 x 2 

Maintenance 

x2 

[Induction I 
leR 

Maintenance 

Induction 

HLA sibling No HLA sibling 

+ + 
Fig. 3. PC486: Study of postremis
sion BMT (age < 55 years) 

Allogeneic BMT I Autologous BMT I 

the patients went on to receive autologous 
transplantation after conditioning with bu
sulphan (16 mg/kg) and cyclophosphamide 
(200 mg/kg). The harvested autologous mar
row was purged with 4-hydroxyperoxy cy
clophosphamide. It is important to note that 
no consolidation was offered these patients 
prior to bone marrow transplantation. 

E3489 

This is a major recently completed inter
group study (Fig. 4) led by ECOG, and in
cluded a post remission randomization to 
consolidation using high dose cystosine ara
binoside alone at a dose of 3 g/m2 q 12 hover 
1 h X 6 days. The autologous transplants 
were performed as in the previous study 
(PC486). 

E1490 

This was a study designed primarily to eva
luate the role of hematopoietic growth fac
tors in older adults (ages> 55-70) with AML 

(Fig. 5). The induction regimen, even in this 
age group, used daunorubicin 6O/mg/m2 for 
3 days and cytosine arabinoside 100/mg/m2 
X 7 days. Consolidation therapy was offered 
with cytosine arabinoside 1.5 g/m2 q l2h 
over 1 h for 6 days. 

E2491 

This was a recently completed intergroup 
study of all-trans-retinoic acid (ATRA) in 
newly diagnosed patients with acute pro
myelocytic leukemia. While this study in
cluded approximately 400 patients, only 
ECOG patients are used in this analysis. 

Results and Discussion 

The overall complete remission rate for all 
2222 patients is 64% (Table 1). However, 
when this is broken down by age (Tables 2 
and 3) it is clear that the response is signifi
cantly higher among patients less than 55 
years old. It is interesting to note that the 
complete response rate has not significantly 
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HLA sibling 
I 

Assign 

No HLA sibling 
I 

Randomize 

~ 
I Allogeneic 8MT I I Autologous 8MT I 

± GM-CSF 

CR 

+ 
Consolidation 

Ara-C 1.5 91m2 x 12 ± GM-CSF 

Fig.S.E1490: randomized study of GM-CSF in induc
tion (age> 55 years) 

changed - at any age group - between 1979 
and the present day when similar induction 
regimens are used (Table 4). This is clearly 
shown in Tables 2 and 3 if one leaves out the 
results for E2476 - a study that used a signif
icantly less intensive induction regimen -
and also excludes the APL study (E2491) 
which used ATRA for induction. In fact the 
response rate is very consistent over this pe-

1.0 

0.8 

~ 0.6 
:a 
III .a 0.4 0 .. 
Ii. 

+ 
Intensive-dose 
consolidation 

Fig. 4. E3489: randomized study of 
postremission therapy (age < 55 
years) 

riod of time, suggesting that any improve
ment in the long-term survival is not likely 
to be due to major changes in supportive 
care but rather to differing post remission 
therapies. In this context, it is also impor
tant to note that the overall complete remis
sion rate was not altered when idarubicin 
was introduced in place of daunorubicin in 
E3489 [4]. 

The overall survival of all patients entered 
on ECOG studies for AML since 1976 - ex
cluding patients from the latest study 
(E3489),is illustrated in Fig. 6. This figure in
clude all patients entered on these studies 
whether or not they achieved complete re
mission. It is perhaps important to note that 
even in the pre-ATRA era patients with APL 
were singled out as the only morphologic 
subtype with a clearly improved overall sur
vival [5] (Fig. 7). 

Looking at the overall survival since 1976 
it is clear that there has been a slow but 
steady improvement in the overall survival 
with sequential studies (Fig; 8). 

0.2 (n=1.414) 

0.0 
0 2 4 6 
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8 10 12 14 16 
Time (y) 

18 20 
Fig. 6. Overall survival from 
time of diagnosis: all proto
cols 



1.0 

0.8 

~ 0.6 

~ 
'" ~M3 - ATM (n=60) ,,, 
h 
\~ 

:a 
1"11 .a 0.4 e 
D. \~."\. M3 - chemotherapy (n=181) " '''''''-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'~.-.-.-., 

0.2 '....... Other (n=1.173) ~._._._ -------------------
Fig. 7. Overall survival from 
time of diagnosis: all proto
cols 

O.O+--.--;---,r--.--,.--.---.--.--;---, 
o 

1.0 

0.8 
~ 
\ 
\ 

2 

\ 
~ 
"\., 

4 6 8 10 12 14 16 18 20 

Time (y) 

~ 0.6 
:a 
.! e 0.4 '" PC486 

........... "'------D. 

0.2 
E1479 

------------ E2476 

Fig. 8. Overall survival from 
time of diagnosis, by proto
col 

0.0 +--,---,---,---,---,---.---.----;---,r---, 
o 2 

However, this may be meaningless without 
subdividing this by age and Table 5 illus
trates what appears to be a continuous im
provement in the 2-year and 5-year overall 
survival with sequential studies for patients 
less than 55 years. On the other hand, it is not 
clear that there has been a significant im
provement in the overall survival for pa
tients greater than 55 years (Table 6). If one 
considers the different treatment modalities 
offered in these sequential studies it clear 
that intensifying the post remission therapy 
markedly improves the few-year disease
free survival and overall survival in patients 
< 55 (Table 7). 

It can be noted, as has previously been de
scribed [1] that at least some form of post re
mission therapy is required for there to be 
any significant disease-free survival. The 
observation arm on E3483 was closed early 
due to a high relapse rate. 

The disease-free survival is clearly related 
to the intensity of post remission therapy in 

4 6 8 10 12 14 16 18 20 
Time (y) 

Table s. Survival by protocol patients < 55 years 

Survival from time of diagnosis 

Median 2-Year 5-Year 
Study (y) (%) (% ) 

E2476 0.89 25 9 
E1479 1.09 27 17 
E3483 1.03 33 22 
PC486 1.88 49 33 

patients less than 55 years (Fig. 9), though 
there is no convincing evidence from these 
historical data that intensifying the post re
mission therapy for patients older than 55 
years is significantly more effective than 
maintenance therapy alone as given in the 
above studies (Fig. 10). 

While some of these data are based on se
quential studies and not on prospective 
comparisons much can be learnt from the 
overall pattern of response in the varying 
age groups and the differing protocols. Ana-
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Table 6. Survival by protocol: patients> 55 yrs 

Survival from time of diagnosis 

Study 

E2476 
E1479 
E3483 
PC486 

Median 
(y) 

0.20 
0.63 
0.53 
0.72 

2-Year 
(% ) 

l3 
23 
22 
23 

5-Year 
(%) 

6 
9 

l3 
13 

Table 7. Escalating intensity of postremission thera-
py: patients 55 < years 

Postremission 5-YearDFS 5-Year 
therapy (%) Survival 

(% ) 

Observation 0 lO 
Maintenance l3 19 
Maintenance + 
intermediate-dose 24 33 
consolidation X 2 
Intensive-dose 24 29 
consolidation X 1 
Autologous BMT 55 53 
Allogeneic BMT 40 45 

lysis of E3489, as well as other similar large 
studies, should provide important prospec
tive data regarding the role of bone marrow 
transplantation in patients with de novo 
AML. It is likely, however, that ultimately 
therapeutic decisions will need to be made 
based on prognostic factors such as cyto
genic analysis, immunophenotyping, mo
lecular genetic analysis, as well as assess
ment of multidrug resistance. Clearly, these 
mostly historical data provide valuable in
formation, but much remains to be learnt. 
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Adoptive Transfer of Monocyte-Derived Tumorcytotoxic Macrophages 

R. ANDREESEN, B. HENNEMANN, and S. W. KRAUSE 

Abstract. Basic studies into the role of im
mune cells to combat malignant disease and 
the recent reports on complete remissions 
upon the application of allogeneic cells have 
created renewed enthusiasm in the potential 
of cellular immunotherapy. Lymphocytic ef
fector cells (donor-derived buffy coat cells 
or specific T-cells) have been successfully 
used in the treatment of patients with re
lapsed CML and acute leukemia, with EBV
associated lymphoma and also to provide 
anti-CMV immunity. Ex vivo grown cyto
toxic macrophages (MAC) able to recognize 
and destroy tumor cells but not normal cells 
are effective in murine models of metasta
sizing tumors. Upon the development of 
large scale technology to generate MAC in 
vitro from circulating blood monocytes 
(MO) clinical trials in cancer patients had 
proved the feasibility and safety of infusing 
> 2 X 109 MO-derived MAC activated by 
IFN -g or LPS. Various modalities of adoptive 
therapy with human MAC have been rea
lized: routes of application used were IV, IP, 
intrapleural and through selective hepatic 
artery perfusion. In addition, MAC had been 
generated from MO collected after GM-CSF 
treatment in vivo. Biodistribution studies 
using III Indium labelled cells revealed local
ization of MAC to sites of bulk tumor growth 
upon regional infusion as well as to liver me
tastases upon systemic application. Malig
nant ascites disappeared in about 50% of pa
tients after ip treatment, yet no other evi-

dence of therapeutic efficacy of MAC could 
be demonstrated. Further developments of 
adoptive transfer of MO-derived cells are 
developed focusing on the generation of 
antigen-presenting cells primed in vitro 
with tumor cells or specific peptides. Clini
cal trials with tumorantigen-pulsed den
dritic cells either generated from blood MO 
or from CD34+ progenitor cells are in 
progress. 

Introduction 

There is substantial evidence to prove that 
host defense mechanisms are operating to 
control the development of malignant tu
mors. Among the various attempts to restore 
or augment an ineffective anti-tumoral re
sponse of the host the use of immune effec
tor cells has long been investigated [1-46]. 
This approach, i.e., transferring in vitro ex
panded and activated immune cells to pa
tients, is termed adoptive immunotherapy 
and has been realized both with effector 
cells of the innate and the specific immune 
system, respectively, as well as with cells be
ing either directly cytotoxic or acting as in
ducers of specific immunity by presenting 
tumor antigens to T-cells (Table O. 

Furthermore, the clinical use of such cel
lular products has recently been extended to 
confer antiviral immunity [7,8], e.g., to treat 
CMV infection [8,9,10] as well as EBV-asso-

Department of Hematology and Oncology, University of Regensburg; 
Franz-Josef-Strauss-Allee 11; 93042 Regensburg, Germany 
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lymphoid effector cells 
- natural killer (NK) cells 
- Iymphokine-activated killer cells (LAK) 
- tumor-infiltrating lymphocytes (TIL) 
- donor-derived leukocytes 
- antigen-specific cytotoxic T-cell lines (CTL) 

monocytoid effector cells 
- cytotoxic macrophages (MAK) 
- monocyte-derived antigen-presenting cells (MO-DC) 

dendritic cells (DC) 
Table 1. Clinical use of cellular 
products in the immuno
therapy of cancer 

gene-transduced tumor cells 

ciated lymphomas arising in recipients of al
logeneic T-cell depleted bone marrow trans
plantation [ll). 

A landmark study in the field of adoptive 
immunotherapy was published by Kolb et 
at. in 1990 [5) who for the first time proved 
that not only patients with minimal residual 
disease but also with extensive tumor loads 
could respond with complete resolution of 
their malignancy. They reported the induc
tion of complete hematological remissions 
by infusion of donor-derived buffy coat cells 
in CML patients relapsed after allogeneic 
BMT. In this study whose observation was 
subsequently confirmed in large cohorts of 
patients with CML and acute leukemias [6, 
12-16) alloreactive T-cells of donor origin 
are the putative effectors, yet also autolo
gous T -cells are highly effective in overt dis
ease: in bone-marrow transplant patients 
with EBV-associated lymphomas infusion 
of ex vivo expanded specific T-cell clones re
sulted in a dramatic response and complete 
pathological remission in all of 5 patients 
[ll,17). 

Macrophages as Effector Cells in Cellular 
Immunotherapy 

Cell Sources 

Macrophages as part of the non-specific im
mune system against microbial pathogens 
and tumors are able to recognize and de
stroy malignant cells through several mech
anisms including direct cell-contact mediat
ed killing, antibody-dependent cellular cy-

totoxicity (ADCC) and through the release 
of soluble cytotoxic mediators like oxygen 
radicals and tumorcytotoxic proteins (TNF
alpha, MTC170 [18)). In murine models, re
peated infusions of activated MAC elicited 
from the peritoneal cavity or grown ex vivo 
from bone marrow precursor cells can in
duce regression of pulmonary metastases 
[19). In humans, blood MO were first intro
duced to adoptive immunotherapy by Ste
venson et at. [20,21). However, blood MO are 
rather immature precursor cells, a fact that 
thus may seriously impair their efficacy as is 
also evident from their weak anti-tumor ef
fects on human xenografted tumors in nude 
mice [22). On the other side, competent cy
totoxic effector cells can be generated in vi
tro from blood MO by incubation under ap
propriate conditions [23,24). When cultured 
in the presence of autologous serum blood 
MO mature to MAC, e.g. they acquire a ma
turation-associated phenotype in terms of 
morphology and antigen expression [25], 
become more responsive to IFN-g [26), in
crease their cytotoxic potential of both cell
mediated and antibody-dependent cytoto
xicity and secrete considerable amounts of 
supportive colony-stimulating factors (M
CSF, GM -CSF) as well as tumortoxic proteins 
(TNF-alpha and MTC170) when stimulated 
with LPS (Fig.1A to B [27,28,29)). 

Based on the technique established to 
generate mature MAC by suspension culture 
on hydrophobic teflon foils [23) large-scale 
technology was developed to allow the pro
duction of MAC sufficient for first clinical 
trials [30). Mononuclear cells (MNC) puri
fied from apheresis products by ficoll gradi-
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Fig.l A-D. Functional competence of MAC derived in vitro from blood MO. Different functions are depicted 
during differentiation of blood MO into MAC A Cellular toxicity against a tumor cell line (U937) after stim
ulation of MO/MAC with IFNy. B Parallel increase oflow affinity IgG receptor CD 16 and activity of MO/MAC 
in an assay for ADCC. CTNFa production and of secretion of a novel MAC cytotoxic factor (MCTl70) . DPro
duct ion of hematopoietic growth factors GM -CSF and M -CSF 

ent centrifugation are cultured for 7 days, ac
tivated either overnight with IFN-g or 2 h 
with LPS (5, abortus equi), harvested and ei
ther subjected to counter-current centrifu
gal elutriation to separate mature MAC from 
remaining lymphocytes or used as an un
separated MNC population (see Fig. 2). On 
average about 50% of the initially seeded 
MO can be recovered from the Teflon bags as 
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activated MAC which are > 90% pure after 
elutriation. 

Clinical Trials 

Autologous MAC generated in the way de
scribed above have been retransfused into 
patients without major side effects, the ma-



o 

counte,.cLtion ~ , Cytapheresis 

Fig. 2. Schematic treatment 
schedule of macrophage 
adoptive immunotherapy 

ximal number per therapy being 1.9 X 109 

MAC without patients' pretreatment and 2.7 
X 109 MAC when the MO were derived from 
patients pretreated with GM-CSF [32]. Low
grade fever (Fig. 3), a dose-dependent in
crease of circulating thrombin-anti-throm
bin complexes (TAT), a rise in serum neopte-

1.5 

IV 

1 

0.5 

0~0~~~2~4-h----~48~h----~7~2h~ 7 days 
Time After MAC Transfer 

Fig.3.Low-grade fever induction by infusion of MO
derived MAC 

rin and a short-lived induction of the acute
phase C-reactive protein (CRP) were seen 
upon IV, IP and intrahepatic infusion. 

None of these side effects was dose-limi
ting, with regard to the procoagulant activ
ity no clinically evdient thromboembolic 
events occurred. Trafficking of transfused 
MAC were followed with the use of lllIndi
urn-labelled cells and revealed a remarkable 
long transit time through the lungs (about 
2 h) and pooling of activity in spleen and liver 
after 18 h with no preferential labelling of 
lung metastases. Regional application, how
ever, could clearly demonstrate an accumu
lation of cells at sites of tumor bulk in the 
peritoneal cavity and around metastatic le
sions in the liver upon infusion via the he
patic artery [33]. Even with IV administra
tion MAC pooling into the liver after 4 days 
is more intensive at metastases than in nor
mal liver. 

When LPS-stimulated cytokine activated 
MAC were transferred, both induction of 

Table 2. Phase I studies of adoptive immunotherapy with tumorcytotoxic macrophages: the Regensburg expe
rience 

IV IV,LPS IV,grown from IP a. hepatica 
activated MAC GM-CSF infusion 

mobilizedMO 

Patients (n) 12 9 10 14 7 
Thera py cycles (n) 52 61 20 68 35 
Max. cell count/infusion (108) 17 14.9 27 9.9 13.4 
Max. cell count/ patient (108) 64 53 36 50 57 
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TAT complexes as well as pro- and anti-in
flammatory cytokines (TNF-alpha, IL-l RA) 
were observed, yet with a different time 
course when compared to the injection of 
LPS alone (Fig. 4 [34)). 

Table 2 summarizes our own experience 
with MAC adoptive immunotherapy (first 
published in 1990 [31)). No objective tumor 
response has been documented uptodate, 
the reduction of malignant ascites in about 
half of the patients treated IP being inter
preted to be a non-specific inflammatory re
action rather than a true anti-tumoral effect. 
All of the available data on MAC cellular 
therapy reported from the groups in Stras
bourg, Paris and Reims are depicted in Table 
3 [35-39). 

Fig. 4. Induction of TAT com
plexes by injection of LPS as 
compared to the infusion of 
LPS-stimulated MO-derived 
MAC 

Future Perspectives on the Use of MO-Derived Cells 
in Cellular Immunotherapy 

Reviewing the available data on the use of 
MAC in adoptive immunotherapy, it is evi
dent that on the basis of generating a cellular 
product being directly tumorcytotoxic a 
clinical benefit has not been proven and 
continuation along this line of development 
is debatable. However, much enthusiasm has 
been created by the possibility to derive 
highly potent antigen-presenting cells from 
blood MO which exhibit most if not all the 
features of dendritic cells. Dendritic cells 
and the related cell types of Langerhans cells 
and interdigitating reticulum cells are rare 
and difficult to obtain but can be grown in 
vitro at large quantities either from blood 

Table 3. Macrophage adoptive immunotherapy: Current clinical experience 

Center Pat.(N) Stimulus Route Clinical response Reference 

Freiburg 8 IFN-g IV NO Andreesen et al. ( 1990) 
7 IFN-g IP Ascites' Andreesen et al. (1990) 

10 IFN-g a.hepatica NO Hennemann et al. (1996) 

Strasbourg 11 IFN-g IV NO Faradji et al. (1991) 

Paris 12 IFN-g IV 1 PR Lopez et al. (1993) 
8 IFN-g intrapleural NO to be published (1997) 

Reims 15 IFN-g IV NO Eymard et al. (1996) 

Regensburg 9 LPS IV NO Hennemann et al. (1995) 
lOb IFN-g IV NO to be published (1997) 

a Reduction of malignant ascites in 3/7 patients. 
b Pretreatment with 10 Jlg/kgGM -CSF for 7 days S.c. 
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Fig.SA,B. Differentiation of MO into DC. A Stimulation of allogeneic lymphocytes by MO or MO-derived DC. 
B Detection of typical surface antigens on MO-derived DC versus blood MO by flow cytometry 

MO or hematopoietic CD34+ precursor cells 
[40] under the influence of GM -CSF, IL-4 
and TNF-alpha. Indeed, when IL-4, GM-CSF 
and IFN-g are added to our culture system 
and human serum is replaced by small 
amounts of FCS an DC-typical antigenic 
phenotype develops and a potent allostimu
latory activity is acquired (Fig. 5 [41]). 

First clinical trials are in progress using 
these DC pulsed either with tumorlysates or 
natural and synthetic specific peptides of tu
mor-associated antigens. These primed DC 
should induce a cytotoxic T-cell response 
when retransfused to the patient based on 
animal studies [42,43]. Initial reports on DC 
therapy are promising [44] but await further 
confirmation. In addition, several questions 
remain to be answered: first of all, antigen
presentation can induce both T-cell activa
tion leading to induction of an immune re
sponse and T-cell anergy and tolerance in
duction. Thus, it may be of crucial impor
tance which type of DC are being used for 
cellular therapy, especially as recent publica
tions suggest an essential role of DC which 
apparently decide on an immunogenic or a 
tolerogenic response of the recognizing T
cell [44, 45]. By means of function and phe
notype DC cultured from CD34+ hemato
poietic precursors or MO, respectively, are 
quite similar [41], but little is known so far 

which cytokines can modulate DC biology 
in a way to optimize the induction of anti-tu
mor immunity in vivo. A similar concern is 
expressed with respect to cell dose, optimal 
treatment schedule as well as the route of ap
plication. 

To take the concept of antigen-presenting 
cells a step further, it is tempting to also ex
plore them for their ability to induce cyto
toxic T-cells specific for tumor-associated 
antigens in vitro which subsequently upon 
expansion and activation can be used as the 
therapeutic cellular product (Fig. 6) . 

Conclusion 

Large quantities of highly competent tumor
cytotoxic MAC can be generated in vitro 
from circulating blood MO and are well to
lerated when reinfused into the autologous 
host. Although active in limiting the meta
static growth in murine tumor models no 
objective clinical response has yet been doc
umented in more than 90 patients treated at 
5 different European centers. It is suggested 
that future perspectives in the use of cells of 
the mononuclear phagocyte system in adop
tive immunotherapy clearly has to be devel
oped towards generating antigen-present
ing DC derived from blood MO. These DC 
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Fig.6. Use of MO-derived dendritic cells in cellular immunotherapy: Schematic description (further details 
see text) 

could be primed with tumor-relevant anti
gens, either by incubation with tumor cell 
fragments, native or synthetic peptides or by 
transduction with genes encoding for tumor 
antigens. Primed DC can be directly infused 
or used to induce and expand cytotoxic T
cells which ultimately are used for cellular 
immunotherapy. 
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Abstract. Minimal residual disease in cancer 
can be detected by identification of epithe
lial tumor cells in bone marrow using mono
clonal antibodies directed against cytokera
tin. The presence of cytokeratin positive 
(CK + ) tumor cells in bone marrow of gastric 
cancer patients is associated with a signifi
cantly higher relapse rate than patients 
without CK + cells. Monocytes and macro
phages can recognize and destroy tumor 
cells. The granulocyte-macrophage colony
stimulating factor (GM-CSF) was found to 
induce and enhance the tumoricidal activity 
of peripheral blood monocytes. The aim of 
our study was to evaluate whether GM-CSF 
is able to reduce the number of CK + cells in 
bone marrow. 23 patients with resectable 
gastric cancer and presence of CK + cells in 
their bone marrow were randomized to re
ceive either GM-CSF (2 fig/kg subcutaneous
ly,n = 16) or placebo (n = 7) on days 1-14 and 
29-42. The leucocytes, C-reactive protein, 
neopterin (signs of an acute phase reaction), 
complement receptor CR3 expression and 
HLA-DR-expression on monocytes (charac
teristics of monocyte activation) increased 
during GM-CSF application. The values re
mained constant in the placebo group. The 
CK + cells in bone marrow were analyzed 
prior to treatment and 8 weeks after com
mencement of therapy. There was a decrease 
of CK+ cells in bone marrow in 14/16 pa
tients treated with GM-CSF and 4/7 patients 

in the placebo group. GM-CSF treated pa
tients showed a significant reduction of the 
CK + cell numberin bone marrow (p = 0.01). 
21 patients were evaluable for follow-up 
analysis (mean follow-up 35 months, 11-54). 
To date 7 relapses have occured in 14 GM
CSF treated patients whereas 5 relapses were 
observed in the 7 placebo patients. The Ka
plan-Meyer analysis yields a slightly better 
relapse free survival rate in the GM-CSF 
treated patients. Due to the low number of 
patients there is no significant difference 
between the two groups (p = 0.08). The con
clusions of our trial are: (1) GM-CSF at a 
dose of 2 fig/kg daily is well tolerated. (2) 
GM-CSF activates monocytes and macro
phages despite the low dose administered. 
(3) GM-CSF can reduce the number of CK+ 
cells in bone marrow. (4) GM-CSF has a 
positive influence on disease free survival, 
however this difference is not significant due 
to the low patient number. Further prospec
tive randomized clinical studies are war
ranted. 

Introduction 

The treatment of most malignant tumors 
has hardly improved during the last decade. 
This overall negative balance is mainly due 
to the early systemic dissemination of tu
mor cells occuring prior to the diagnosis or 
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resection of the primary tumor. Thus, the 
detection and elimination of micrometa
stases in patients with small resectable tu
mors poses a major challenge to cancer re
search. 

Monoclonal antibodies (Mab), directed 
against epithelial antigens are able to identi
fy epithelial tumor cells or small carcinoma 
cell clusters in mesenchymal organs, which 
are undetectable by conventional diagnostic 
methods. The bone marrow is an easily ac
cessible mesenchymal organ from which 
epithelial cells appear to be excluded in non
malignant conditions. The antibody used 
should be directed against an antigen prefe
rentially expressed on all tumor cells and 
should not react with haematopoetic or oth
er autochthonous cells of the bone marrow. 
These conditions are fulfilled by monoclo
nal antibodies directed against cytokeratin 
epitopes (CK), which as an abundant intra
cellular protein antigen appears to be a tar
get for cell identification superior to cellular 
membrane antigens [1]. 

Gastric cancer accounts for approximate
ly 8% of all malignant tumors. In the adju
vant setting there is no standard therapy 
proven to improve survival rates for patients 
with resectable tumor. The presence of cyto
keratin positive (CK +) tumor cells in the 
bone marrow of gastric cancer patients is as
sociated with a significantly higher relapse 
rate compared to patients without CK + cells 
[2,3,4]. 

Experimental data support the possibility 
of using GM-CSF in an immunotherapeutic 
approach for cancer patients [5-10]. Mono
cytes and macrophages can recognize and 
destroy tumour cells in vitro and in vivo [5, 
11,12,13]. Human granulocyte-macrophage 
colony-stimulating factor (GM-CSF) was 
found to induce and enhance the tumorici
dal activity of peripheral blood monocytes 
[5-8]. Several clinical trials studied the anti
cancer effects of GM -CSF, mainly in patients 
with advanced metastatic malignancy [5, 14, 
15]. There is evidence that GM-CSF treat
ment initiated in an earlier stage of cancer 
disease is more successful. The question 
arose whether tumoricidal activity of GM
CSF activated monocytes/macrophages can 
be directly demonstrated by monitoring 
CK -positive cell numbers. 
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Methods 

The design of a randomized, placebo-con
trolled and double-blinded trial has been 
chosen. Included were 23 patients with re
sectable gastric cancer with or without no
dal involvement and proven presence of cy
tokeratin positive cells in bone marrow, 
aged between 18 and 75 years and given 
written informed consent according with 
the ethical standards of the responsible 
committee. Admission to the study and pa
tient monitoring included physical exa
mination, monitoring of vital signs, deter
mination of performance status, ECG, chest 
x-ray, laboratory evaluations. All patients 
had histologically proven resectable (RO) 
stomach carcinoma. No patient has received 
previous chemotherapy, radiotherapy or 
immunotherapy. Excluded were patients 
with significant intercurrent medication, 
infections or complicating factors for the 
drug trial and patients with Karnofsky per
formance status < 40%. Bone marrow sam
ples, aspirated from the iliac crest at the time 
of primary surgery and 8 weeks after com
mencement of therapy with GM-CSF, were 
examined with the monoclonal antibody 
Mab CK2 directed against the cytokeratin
component 18 [1]. 

The proportion of patients receiving ac
tive drug to placebo was 2:1. Recombinant 
human (rh)GM-CSF (Leucomax-Sandoz 
Pharma AG Basel Switzerland and Schering
Plough International Kenilworth NJ USA) 
2 jlg/kg (16 patients) or placebo (7 patients) 
was administered once a day by subcutane
ous injection in two 14-day cycles (day 1-14 
and 29-42). For achieving a better tolerabi
lity and compliance there was a treatment 
stop for two weeks between the two cycles 
(day 15-28). 

There were selected blood and urine sam
pling at baseline and throughout the study 
as part of the safety and efficacy evaluations 
(haematology, chemistry, C-reactive pro
tein, neopterin, CR3-expression, HLA-DR
expression). 

Serum levels of C-reactive protein were 
measured in 11 patients by an immunologic 
turbidity test (Boehringer Mannheim). 
Neopterin in serum was analyzed by ELISA 
(Merck), CR3-expression and HLA-DR-ex-



Table 1.Patients included 

Pat. Age Sex 
No. (yrs) (m/f) 

1 64 m 
2 59 m 
3 55 m 
4 58 m 
5 50 m 
6 50 m 
7 43 m 
8 62 m 
9 66 m 

10 65 m 
11 52 m 
12 65 m 
l3 54 m 
14 63 m 
15 52 m 
16 60 f 
17 60 m 
18 60 m 
19 49 m 
20 49 m 
21 70 f 

110 52 m 
111 48 f 

pression on monocytes were determined by 
FACS-analysis. 

The data were analyzed with a non-para
metric test (Wilcoxon matched-pair rank 
test). We estimated relapse free survival by 
the Kaplan-Meier method, differences were 
tested by the log-rank test. 

Results 

The characteristics of the patients enrolled 
are shown in Table l. Two patients were 
added instead of two drop-outs. 

In 23 patients evaluation of drug safety 
and efficacy on CK + cells in bone marrow 
was performed. Therapy with GM-CSF was 
well tolerated without major side effects. 
During the treatment phase we observed cu
taneous allergies like rash and hives WHO 
grade 1 and 2, fever and myalgia alleviated 
by paracetamol. No capillary-leakage-syn
drome was found. 

As expected, we observed an increase of 
leucocytes under treatment with GM -CSF 
despite the low dose administered. In five 
patients GM-CSF was temporarily discon
tinued because the leucocyte count was 

Tumor Therapy 
stage (verum/placebo) 

T3N2MOG3 Placebo 
TlNOMOG3 Verum 
T3NOMOG3 Verum 
T3NOMOG2 Verum 
T2N2MOG3 Verum 
T2NIMOG3 Placebo 
T3NIMOG3 Verum 
T2NOMOG3 Placebo 
T2NIMOG2-3 Verum 
T2NOMOG3 Verum 
T3NIG2MO Verum 
T2NIMOG3 Placebo 
T3NOMOG2 Placebo 
T3NIMOG2 Verum 
T2NIMOG3 Verum 
T2NIMOG3 Placebo 
T4N2MIG3 Verum 
T2NOMOG2 Verum 
T2NOMOG3 Placebo 
T2NOMOG3 Verum 
T4N2MOG4 Verum 
T2N2MOG3 Verum 
T2NIMOG3 Verum 

> 25000 WBC/mm3 (maximal value ob
served 33.4). In contrast, the placebo group 
achieved no increase. Figure 1 shows the 
mean values of each group. 

C-reactive protein levels increased during 
GM -CSF administration and decreased after 
cessation of GM-CSF. In the placebo group 
serum-levels remained constant (Fig. I). 

The mean neopterin level was 6.64 nmol/l 
before GM-CSF therapy and went up to 
13.24 nmol/l after the first GM-CSF cycle re
spectively 8.76 nmol/l after the second cycle. 
No increase was demonstrable in the place
bo group. 

Similar results revealed the determina
tion of HLA-DR-expression and comple
ment receptor CR3-expression on the sur
face of monocytes. The HLA-DR expression 
remained constant in the placebo group, 
under therapy with GM-CSF a rise of 31 % 
was detected. The values of CR3 expression 
on monocytes increased about 45% after 
therapy with GM-CSF, no increase could be 
demonstrated in the placebo group. 

CK-positive cells were found mostly as in
dividual cells at a frequency of one cell per 
104 to 105 nucleated bone marrow cells. The 
number of cytokeratin positive cells in bone 
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marrow decreased in 14 of 16 GM-CSF treat
ed patients and in 4 of 7 placebo patients. 
The Wilcoxon test revealed a significant re
duction of CK + cells in the GM-CSF treated 
patients (p= 0.01), whereas there was no sig
nificant difference in the placebo group (p = 
0.23). The course of CK + cells in both groups 
is presented in Fig. 2. 

Twenty one patients were evaluable for 
follow-up analysis. Two patients could not 
be considered (drop-outs): One patient was 
found to have liver metastasis (No. 17) and 
one patient died after therapy with GM -CSF 
due to surgical complication (No. 20). The 
mean observation time was 17.33 months 
(1-53). To date 7 relapses have occurred in 
the 14 evaluable patients treated with GM
CSF (50%), one patient died due to a tumor
independent cause, 5 relapses were observed 
in the 7 placebo patients (71 %). 

The Kaplan-Meier analysis yields a slight-

CK+ cells 
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Fig.2.Course ofCK+ cells in bone marrow. Presented 
are the mean values of each group. (Data analyzed 
with the Wilcoxon test) 

712 

Leuco Placebo 
57 

ly better relapse free survival rate for the 
GM-CSF treated patients (p = 0.08). How
ever, due to the low number of patients there 
is no significant difference between the two 
groups (Fig. 3). 

Discussion 

GM -CSF is a growth factor with a wide range 
of activities. GM-CSF acts on myeloid pro
genitor cells that appear early in the haema
topoetic hierarchy. GM-CSF also has the ca
pacity to stimulate the production of neu
trophils, patients with neutropenia after 
chemotherapy treated with GM-CSF show a 
distinct increase in leucocyte count. 

In addition to stimulating myelopoesis, 
GM-CSF has an effect on the immune re
sponse by a wide range of mechanisms. G M
CSF stimulates the proliferation, mobiliza
tion and differentiation of dendritic cells, 
the expression of B7 and major histocom
patibility (MHC) class II antigen in these 
antigen-presenting cells, endocytosis and 
antigen presentation by monocytes and 
macrophages. GM-CSF can activate impor
tant effector functions of granulocytes and 
monocytes / macrophages. Monocytes sti
mulated with GM-CSF demonstrate an in
creased number of surface membrane re
ceptors [16], enhanced oxidative metab
olism (respiratory burst) [17], increased cy
totoxic activity [11], enhanced antimicrobial 
activity [18] and enhanced cytotoxicity 
against tumors [19]. The major mechanism 
of indirect antitumor cytotoxicity is an in
crease of ADCC activity of monocytes / 
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macrophages, T-lymphocytes and neu
trophils [6,7]. Cannistra et al. [8] and Wing 
et al. [5] showed, that GM -CSF may stimulate 
monocyte cytotoxicity by enhancing ex
pression of tumor necrosis factor (TNF). 
GM-CSF administered together with tumor 
antigens is able to induce an antitumor im
munity. Experiments with GM -CSF trans
fee ted melanoma cells in mice conferred 
100% protective immunity against wild
type melanoma cells [20]. Therefore GM
CSF does not only promote cell proliferation 
and differentiation but also alters the immu
noregulation. 

Tumoricidal monocytes and macrophag
es can recognize and destroy neoplastic cells 
in vitro and in vivo, leaving non-neoplastic 
cells uninjured [5,8,11,14,21,22,23,24,25]. 
In contrast, tumour growth stimulation by 
GM-CSF was not shown in in vivo experi
ments [26,27,28] and may therefore not be 
clinically relevant. 

Therapy with GM-CSF has been studied 
in patients with advanced malignancy. Ste
ward et al. [14] could demonstrate a stabil
isation of metastatic disease, one patient 
underwent a tumor reduction of a soft tissue 
sarcoma after receiving GM -CSF. The results 
of other trials were disappointing [5, 15]. 
The reason for this negative outcome might 
be the advanced stage of disease in the in
volved patients. However these trials have 
shown that therapy with GM-CSF can be ad
ministered without serious side effects. 

The most effective role of GM-CSF in the 
treatment of cancer can theoretically be ex-

pected in patients with minimal residual 
disease, a stage where the disseminated tu
mor cells are rare. The outcome of the inter
action between macrophages and tumor 
cells is mainly determined by the ratio of ef
fector cells to target cells. Treatment with 
GM-CSF should be most successful when 
metastases are small and infiltrated by acti
vated tumoricidal monocytes. 

Tumor cells or small cell clusters can now 
be visualized immunocytochemically in 
bone marrow by cytokeratin antibodies. 
Bone marrow contains a large number of 
monocytesl macrophages, so we chose this 
compartment as a model for demonstrating 
the tumoricidal activity of GM-CSF activat
ed monocytes/macrophages in vivo. 

The presence of cytokeratin positive tu
mor cells in bone marrow is associated with 
a significantly higher relapse rate compared 
to patients without CK + cells [2,3,4]. 

Gastric cancer seems to be favourable, be
cause there does not exist an accepted stan
dard therapeutic regimen in the adjuvant 
setting. A well tolerated therapy is required 
in the adjuvant situation, a condition which 
is fulfilled by low dose GM -CSF therapy. The 
aim of our study was to evaluate the toler
ability of GM-CSF, to demonstrate the acti
vation of monocytes and to document the 
efficacy of GM-CSF in reducing the amount 
of disseminated tumor cells in bone marrow 
of patients with resectable gastric carcino
ma. 

The dose of 2 flg/kg GM -CSF day 1-14 and 
29-42 was well tolerated. Despite the low 
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dose administered we could show a distinct 
activation of monocytes. The activation of 
monocytes/macrophages induces the re
lease of monokines, which is accompanied 
by an acute phase response. As signs of 
monocyte activation we measured the levels 
of C-reactive protein and neopterin in ser
um and could demonstrate an increase of 
these parameters during treatment with 
GM-CSF. Similarly, we found an elevation of 
complement receptor CR3 expression and 
HLA-DR-expression on the surface of 
monocytes during GM-CSF application, 
both also characteristics of monocyte acti
vation. 

We were able to show a significant reduc
tion in the number of CK+ cells in the pa
tients treated with GM-CSF. GM-CSF treat
ment was associated with a trend to a pro
longed disease free survival in spite of the 
higher number of CK-positive cells in the 
treated subgroup (Fig. 3). As Jauch et al. [4] 
could show, the extent of tumor-cell conta
mination in bone marrow correlates with 
prognosis in curatively resected patients, 
one would expect a worse prognosis in our 
GM-CSF treated group. The difference in 
disease-free survival cannot be addressed to 
cancer stage since staging of the patients re
vealed no significant differences between 
the two groups concerning age, lymph node 
involvement and tumor grading. 

Further adjuvant clinical trials with GM
CSF in cancer patients should provide more 
data concerning the effect of GM -CSF on mi
crometastasis and reduction of mortality. 
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Abstract. The paucity of a clinically signifi
cant immune response to B cell malignan
cies is striking. Although expressing MHC 
class I and II molecules, these cells seem to 
lack the capability to serve as efficient tu
mor-antigen presenting cells to induce a tu
mor-specific T cell mediated immune re
sponse. Evidence from in vitro studies sug
gest that the paucity of a clinically relevant T 
cell mediated immune response is due to nu
merous defects in antigen presentation by 
the malignant B cells, expression of immu
nosuppressive factors in the tumor micro
environment and defects in T cell activation 
and effector function. A novel approach to 
overcome these defects is to modify the ma
lignant B cells in vitro by CD40 activation in 
the presence ofIL-4. These CD40-activated B 
cells are now very potent APCs and can be 
used to prime autologous T cells. A clinical 
application of this approach, vaccination 
with CD40-activated lymphoma cells, will be 
discussed. 

Introduction 

Most B cell malignancies including low 
grade and high grade non-Hodgkin's Lym
phoma (NHL), chronic lymphocytic leuke
mia (CLL), plasmocytoma as well as adult 
pre-B acute lymphocytic leukemia (ALL) 
are not curable in most patients using stan
dard therapy, including high dose chemo-

therapy with stem cell support. Therefore 
novel therapeutic approaches have to be de
veloped as alternative or additional therapy 
modalities to improve the outcome of these 
diseases. Recent advances in basic immunol
ogy and molecular biology have revived tu
mor immunology. With the identification of 
tumor antigens and their specific recogni
tion in the context of MHC class I and II 
molecules by T lymphocytes, immunothera
py has become once more a very attractive 
treatment modality. Although most work in 
the past few years has been focused on solid 
tumors and melanoma there is evidence that 
B cell malignancies might be a suitable tar
get for immunological approaches [1]. At 
least for the more differentiated B cell malig
nancies the tumor-specific idiotype has 
been proven to be recognized by the hosts 
immune system as a tumor-specific antigen 
and could be targeted by immunotherapy [2, 
3]. Indeed, vaccination with this antigen has 
already been clinically tested and there are 
several clinical trials currently ongoing [4]. 
However, there are some very important dis
advantages to this approach. Since the anti
gen is patient -specific one has to produce a 
patient specific vaccine for each patient. Al
though novel molecular approaches have 
simplified the methodology to produce such 
a vaccine, it is still time consuming and cost 
intensive. Moreover it is not clear if other tu
mor antigens might exist in B cell malignan
cies which might be better targets than the 
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Productive 
Immunity 
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Fig. 1 A, B. Two-signal model of T-cell activation. A Professional antigen presenting cells (APC) provide the 
necessary signals to efficiently activate T cells to proliferate and produce cytokines. APC provide signall via 
MHC/peptide complexes to the T cell receptor on the T cell in context of adhesion. The second necessary sig
nal (Signal 2) is called costimulatory signal and one of the most important costimulatory signals is provided 
by members of the B7 family (B7-1 and B7-2) to the CD28 molecule on the T cell. B Since most malignant B 
cells express MHC molecules the expression of adhesion and costimulatory molecules is a decisive factor for 
their capacity to present antigen 

tumor-specific idiotype. We, therefore, were 
interested whether a more broadly appli
cable approach could be identified for the B 
cell malignancies which circumvents these 
disadvantages. 

Antigen-specific T cell proliferation and 
expansion is only induced if the T cells re
ceive an antigen specific signal through 
their T cell receptor in the presence of a co
stimulatory signal via the CD28 molecule on 
the T cell surface (Fig. 1A; [5-7]). Antigen 
presenting cells (APC) including dendritic 
cells (DC), activated B cells and macrophag
es are capable to deliver both signals, an 
antigen-specific signal by complexes of ma
jor histocompatibility complexes (MHC) 
and antigen-derived pep tides in the groove 
of the MHC molecules (signal 1), and an 
antigen -independent costimulatory signal 
by members of the B7 family (B7-1 - CD80, 
B7-2 - CD86) (signal 2) (Fig. 1A; [8-10]). 
Since normal B cells have been shown to 
function as professional antigen presenting 
cells (APC) once they are activated appro-

priately, we sought to determine whether 
malignant B cells function as APCs in vivo 
and if not whether we could modulate them 
ex vivo to become efficient antigen present
ing cells so that they could present their own 
antigens to T cells. Clearly, for such an ap
proach to function, we also have to study if 
the T cells in the tumor bearing host can be 
stimulated by these ex vivo modulated B 
cells to recognize the primary tumor cells. 
To answer these important questions we 
have first studied Follicular Lymphoma as a 
model (Fig. 1B). It has been demonstrated in 
several studies that malignant B cells ex
press high levels of MHC class I and II mole
cules [11-15] indicating that these cells 
should be readily able to express their own 
tumor antigens. In addition, we [16, 17] and 
others have been able to demonstrate by im
munohistochemistry that some Follicular 
Lymphoma (FL) also express low levels ofB7 
molecules on their surface. Moreover, since 
FL cells are the malignant counterpart of ac
tivated B cells these tumor cells seemed to us 
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the prime candidate to study whether malig
nant cells could function as fully competent 
APC. Therefore, we initiated our studies 
about T cell mediated immunity against B 
cell malignancies with this subset of B cell 
tumors. 

Once we had established a system to study 
the interactions of T cells and these malig
nant B cells we have repeated the same ex
periment for other B cell malignancies in
cluding CLL, mantle cell lymphoma (MCL), 
plasmocytoma and pre-BALL with very 
similar results. We will focus in this report 
on the results for Follicular Lymphoma, 
however we want to stress that most of the 
results can readily be broadened to other B 
cell malignancies. Here, we demonstrate that 
malignant B cells are poor APC for autolo
gous and allogeneic cells but can be modi
fied in vitro by stimulation with CD40 ligand 
and IL-4 to become highly efficient APCs. 
These CD40 activated B cells (CD40-B) can 
be used for the amplification and the gener
ation of tumor-directed cytotoxic autolo
gous T cells. Moreover malignant CD40-B 
cells can overcome the inhibitory effect of 
IL-lO [18-20] and TGFI3 [21-28] shown to be 
produced in many B cell malignancies. 
Based on these preclinical results a clinical 
trial has been initiated using ex vivo CD40 
activated FL (CD40-FL) cells as a vaccine. 
The approach is based on the hypothesis 
that these ex vivo modified tumor cells can 
function as professional APC to present effi
ciently their own tumor antigen(s). There
fore this approach is independent of the in
dividual tumor antigens expressed by the tu
morcells. 

Material and Methods 

Normal and Neoplastic Tissues 

Lymph node specimens were obtained 
under sterile conditions from patients with 
follicular lymphoma (FL) undergoing diag
nostic lymph node biopsies. By the Working 
Formulation all samples were of follicular, 
predominantly small-cleaved cell type (type 
B). Ten patients were selected with tumor 
cells that expressed a t(14:18) translocation 
detectable by polymerase chain reaction 
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(PCR). This provided a marker that could be 
used to demonstrate that cultured FL cells 
belonged to the malignant clone. For control 
studies peripheral blood was obtained from 
all patients to obtain normal T and B cells. 
These cells were only used as controls if 
found to be negative for the t(14;18) translo
cation. Normal autologous B cells from pe
ripheral blood could only be obtained in suf
ficient quantities from two patients (FL4 and 
FL6). Splenic B cells were purified from nor
mal human spleen obtained from organ do
nors. Allogeneic T cells from healthy donors 
were purified from peripheral blood. All dis
carded specimens and blood samples were 
obtained after approval by Institution Re
view Committees. 

Purification of Band T Cells 

Lymph node or splenic samples were me
chanically homogenized and mononuclear 
cells isolated by Ficoll-Isopaque density cen
trifugation. Purification of B cell and T cell 
populations was performed as previously 
described [29,30],and purity assessed byim
munophenotyping. Isolated B cells were uni
formly> 90% CD20+ CD40+ and < S% CD3, 
CD14 or CDS6. CD20+ cells were > 97% 
lambda or kappa light chain monoclonal. 
CD3+ T cells or CD3+CD4+ T cells were ob
tained from peripheral blood mononuclear 
cells (PBMC) of healthy donors as previously 
described (Gribben, PNAS, 1995). CD3+ T 
cells were> 98% CD3+ and CD4+ T cells were 
> 98% CD4+. The total number of purified 
CD3+ tumor infiltrating T cells (T-TIL) after 
isolation and purification ranged between 
1.9 x 107 (FLIO) and 2.S x 108 cells (FL4) de
pending on the size of biopsy material avail
able. 

Immunofluorescence Studies 

Surface expression of molecules was detect
ed using the following mAbs conjugated 
with FITC or PE; CD3-FITC, CD4-PE, CD8-
PE,CD19-PE,CD20-PE,CDS6-PE,anti-MHC 
class II-PE (Coulter, Miami, FL), CDS4-PE 
(Becton Dickinson, Mountain View, CA), 
CDS8 FITC (Southern Biotechnology, Bir-



mingham, AL) CD14-FITC, anti-kappa and 
anti-lambda FITC (Dako, Carpinteria, CA). 
For detection of B7-1 mAbs 133, GB10.F3 
and YB2.C4 (Repligen Corporation, Cam
bridge MA) were used and for B7-2 (B70-PE, 
clone IT2.2) (Pharmingen, CA). CTLA4-Ig 
FITC and control-Ig fusion proteins (FP-Ig) 
were provided by Repligen. Hybridomas for 
anti-MHC class I and CD40 were obtained 
from ATCC. MAbs for the alpha, beta and 
gamma chain of the IL-2 receptor were a 
kind gift from Dr. J. Ritz (Dana-Farber Can
cer Institute, Boston, MA). 

Cytokines 

Optimal concentrations of cytokines were 
established in proliferation assays using al
logeneic T cells (lOs/well) as effector cells 
and CD40-activated follicular lymphoma 
cells (2 x 104/well) as stimulator cells in the 
presence of increasing concentrations of the 
cytokines. Interleukin 2 (lL-2) was a gener
ous gift of Dr. Ritz (Dana-Farber Cancer In
stitute, Boston, MA) and was used at 100 
IV/ml. Human recombinant human Inter
leukin 4 (IL-4) was a generous gift of Dr. 
Widmer (Immunex, Seattle, WA) and used at 
5 ng/ml. Human Interleukin 12 (IL-12, 1 
ng/ml) and Interferon gamma (IFN-g, 10 
ng/ml) were purchased from Genzyme 
(Cambridge, MA). IL-7 was purchased from 
Sigma (St. Louis, LA) and used at 5 ng/ml. 

CD40 Ligand Transfected N I H3T3 Cells 

The CD40L coding region was amplified 
from human activated T cell cDNA by PCR 
using sense primer, GTAGGAATTCGTC
GACGCCGCCACCATGATCGAAACATA
CAACC containing EcoR I and Sal I sites, a 
strong translational start site, and the first 20 
nucleotides of the CD40L coding sequence 
and antisense primer, GACTAGTGTCGAC
GAATTCAGAGTTTGAGTAAGCCAAAG 
containing the last 23 nucleotides of the 
CD40L coding sequence including the stop 
codon and EcoR I, Sal I, and Spe I sites. PCR 
conditions were 94°C, 1 min, 50°C, 1 min, 
72 DC, 1 min for 40 cycles followed by a final 
extension period at 72 °C for 10 min. The 0.8-

kb PCR product was digested with EcoR I, 
gel purified, and ligated into EcoR I digested 
pSP65_SRa2 expression vector. NIH3T3 
cells were stably transfected via electropora
tion with Fsp I linearized CD40L plasmid 
and Pvu I linearized pSP65-Neo plasmid. 
Transfectants were selected by growth in 200 
flg/ml G418 and sub cloned. Subclones were 
selected on the basis of their capacity to 
stimulate B cell proliferation in the presence 
ofIL-4. CD40 ligand transfectants (tCD40L) 
were cultured in 45% DMEM (Gibco BRL), 
45% F12 (Gibco BRL) supplemented with 
10% FCS, 2mM Glutamine, 15 flg/ml Gen
tamicin and 200 mg/ml of G418. For B cell 
cultures, 105 irradiated (96 Gy) t-CD40L 
were plated as feeder layer cells onto 24-well 
tissue culture plates (Falcon). Cells were in
cubated overnight at 3rC in 5% CO2, The 
plates were then washed twice with PBS be
fore B cells were plated on these feeder 
layers. 

Activation and Culture of B-Cells onto t-CD40L 

Purified normal or malignant B cells were 
stimulated by culture on murine NIH3T3 fi
broblasts transfected with the human CD40 
ligand (t-CD40L) at a concentration of 5 X 
105 cells/ml in IMDM (Gibco BRL) supple
mented with 2% FCS, 0.5% BSA (Sigma), 
50 flg/ml human transferrin (Boehringer 
Mannheim),5 flg/ml bovine insulin (Sigma) 
and 15 flg/ml Gentamicin (Gibco BRL) at 
37°C in 5% CO2, B cells were transferred at 
day 3 to plates with fresh irradiated t-CD40L 
cells and harvested on day 5 for functional 
studies. After harvesting, B cells were 
washed 2x in IMDM, kept on ice for 1 h in 
IMDM and then finally washed and resus
pended in RPMI supplemented with 5% hu
man serum, 2 mM Glutamine, 15 flg/ml Gen
tamicin (RPMI-5). To ensure that cytotoxic
ity is not directed against serum compo
nents used in the culture conditions, HLA
A2+ CD40-activated B cells were pulsed with 
a known immunogenic peptide binding to 
HLA-A2. After repetitive stimulation of au
tologous T cells with these peptide pulsed 
CD40-B cells cytotoxicity was induced only 
directed against peptide pulsed target cells 
but not the CD40-B cells themselves. This 
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demonstrates that serum components are 
not presented sufficiently to autologous T 
cells to induce cytotoxicity in this system 
(unpublished results). 

Allogeneic Mixed Lymphocyte Reaction (Allo-MLR) 

CD 3 + T cells or CD4 + T cells from healthy in
dividuals were plated at 1 x 105 T cells/well 
with 104 to 105 irradiated (25 Gy) FL or B 
cells/well, or irradiated (96 Gy) Epstein Barr 
Virus transformed lymphoblastoid cell lines 
(EBV-LBL) as stimulators in 96-well round
bottom plates (Nunc, Roskilde, Denmark) in 
a final volume of 200 ml. Cultured Band FL 
cells were washed twice at 4°C in PBS before 
use. Cultures in triplicate were incubated for 
5 days in RPM1-5 at 37°C in 5% CO2, Cells 
were pulsed with [3Hl Thymidine (1 mcCi, 
Du Pont, Boston, MA) for the last 16 h of the 
5-day culture period. Cells were then har
vested onto filters and the radioactivity 
measured in a beta plate liquid scintillation 
counter (Pharmacia, Piscataway, NJ). 1L-2 
concentrations in culture supernatants col
lected at day 5 of the culture were assayed by 
ELISA (Endogen, Cambridge) or CTLL-20 
bioassay. 

Polymerase Chain Reaction (PCR) oft(14:18) 
Translocation 

Malignant B cells carrying the t(14;18) 
translocation in fresh lymph node samples 
and cultured cells in the tCD40L system were 
detected by PCR. To estimate the amount of 
malignant cells in each sample under study 
cells were serial diluted from 106 cells to sin
gle cell level. From these samples DNA was 
extracted by standard techniques and nest
ed PCR amplification performed and visual
ized on 2.5% agarose gel containing ethidi
urn bromide as previously described. 

In Vitro CytotoxicT Lymphocyte Response Induction 

Purified T cells from lymph nodes with Fol
licular Lymphoma (T -TILs) were stimulated 
with irradiated (64 Gy) CD40-FL cells or 
with FL cells at different Effector:Target 
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(E:T) ratios ranging from 4:1 to 1:2. For 
CD40-FL cells an optimal ratio for T cell ex
pansion at 4: 1 was established. T cells were 
stimulated with irradiated stimulator cells 
on day 0, 7 and 14. Cytokines were either 
added at initiation of culture or first added 
at day 3 and every third day thereafter until 
cytotoxicity was assessed. Were indicated, 
CD28 mAb (10 /lg/ml), irradiated (64 Gy) 
B7-1 or B7-2 transfectants (t-B7-1, t-B7-2) 
were added on day 0, 7 and 14 together with 
FL cells. Co-cultures were cultured in RPM1 
supplemented with 5% human AB serum, 2 
mM Glutamine, 50 /lg/ml Penicillin-Strepto
mycin (Gibco BRL), 15 /lg/ml Gentamicin 
(Gibco BRL) at 37°C in 5% CO2 at a concen
tration of 1 to 3 X 106 cells/ml. Before each 
restimulation and cytotoxicity test T cells 
were Ficoll-density centrifuged to increase 
cell viability. 

Cytotoxicity Assay 

A previously published method to assess T 
cell mediated cytotoxicity as adapted to 
measure T cell cytotoxicity against human 
FL. As target cells CD40-FL cells, FL cells au
tologous normal CD40-B cells or allogeneic 
CD40-B cells were used. Autologous PHA 
blasts or autologous T cells were used as con
trol targets only when autologous B cells 
were not obtained in sufficient numbers. 
CD40-B cells were harvested from culture, 
washed twice by centrifugation in PBS and 
resuspended in RPM1 -5. The target cells were 
incubated with [3Hl thymidine overnight at 
3rc. Target cells (104 cells/well) were again 
washed by centrifugation and mixed with 
various numbers of effectors in a final vol
ume of 0.2 ml of RPM1-5 in round-bottom 
microtiter plates. At a concentration of 104 

cells/well thymidine incorporation ranged 
between 800 and 2300 cpm for FL cells, 2000-
15000 cpm for CD40 activated FL and nor
mal B cells, 1500 and 13 000 cpm for PHA 
blasts. Where indicated, T cell mediated lysis 
was measured in the presence of antibodies 
to MHC class I (W6/32, 10 mg/ml) and/or 
MHC class II (949, 10 mg/ml) to block the 
interaction of T cells and target cells. After 6-
8 hr of incubation, the plates were harvested 
and the radioactivity was determined in a 



beta counter. Spontaneous lysis was deter
mined by incubating the targets alone, in the 
absence of effector T cells. Maximum lysis 
was determined by incubating the target cells 
with 0.2% Triton X-I00 (Sigma).All determi
nations were done at least in triplicates and 
the standard errors of the means were always 
< 10% of the value of mean. Percent specific 
cytotoxicity was determined using the fol
lowing equation. % specific DNA loss = (S
E )/S x 100 where E = experimentally retained 
DNA in the presence of T cells (in cpm), S = 
retained DNA in the absence oft cells (spon
taneous). The JAM test was validated with al
logeneic T cell lines specifically killing FL 
cells as well as with an autologous T cell line 
established from patient FL4 by performing 
standard chromium release assays. The re
sults from these chromium release assays 
were almost identical to the results obtained 
in JAM tests performed at the same time 
(data not shown). To further confirm that the 
target cells lysed were indeed FL cells we have 
analyzed by flow cytometry using directly 
conjugated mAbs and HOECHST 33342 
staining which cell population was killed af
ter 4 h of co-culture with the autologous T 
cell line. This analysis revealed that 50% of 
CDI9+ CD3S+ CDlO+ cells had undergone 
apoptosis or were already dead (data not 
shown) whereas FL cells co-cultured with 
unstimulated T cells showed no cell death 
during this time period. 

Statistical Analysis 

Differences between experimental groups 
were analyzed by the X2 test and the 
Student's ttest. 

Results 

Defects in Recognition of FL Cells by Autologous 
Hells 

lack of Sufficient Functional Adhesion and 
Costimulatory Molecules on FL Cells Is Responsible 
for Their Poor APC Function 
Our principle concept is to use FL cells as 
APC presenting their own tumor antigens. 
Therefore, we first sought to determine 

whether these FL cells could indeed present 
antigen efficiently to T cells. To answer this 
question we used an allogeneic system were 
highly purified allogeneic T cells were as
sessed for their ability to proliferate and se
crete cytokines due to stimulation with FL 
cells. Allogeneic T cells from healthy donors 
were used mainly because they should be 
fully functional and because of their high 
frequency. 

The results of these earlier experiments 
described here serve as background infor
mation for experiments in the autologous 
system described later (see below). Surpris
ingly, when allogeneic T cells were stimulat
ed with highly purified FL cells no signifi
cant T cell proliferation could be detected 
(Fig. 2A), although these FL cells expressed 
very high levels of MHC class I and II mole
cules (Fig. 2B; [29)). Although we could de
tect adhesion molecules and costimulatory 
molecules on the surface of FL cells by im
munohistochemistry using a technique with 
high signal amplification [17], the level of 
expression as determined by FACS analysis 
was either very low or undetectable (Fig. 
2B), indicating FL cells did not express suffi
cient amounts adhesion and costimulatory 
molecules to stimulate allogeneic T cells to 
proliferate. Some FL cells expressed suffi
cient amounts of B7-2 molecules, still did 
not induce allogeneic T cell proliferation. In 
context with recent data in a murine tumor 
model, there is strong evidence that the lack 
of function of B 7 molecules might be due to 
conformational changes as demonstrated by 
the lack of binding to some mAbs of the B7 
panel on murine tumor cells [17). 

T Cells from Fllymph Nodes Show a General 
Unresponsiveness to T Cell Mediated Signals 
Probably Due to lack of TCR S 
Before studying a potentially specific T cell 
response to the autologous FL cells we first 
assessed whether T cells from the tumor en
vironment could be activated via their T cell 
receptor. 

Tumor infiltrating T cells (T-TIL) were 
isolated and assessed for their ability to pro
liferate to stimulation with CD3 monoclonal 
antibodies (mAbs) (light gray bars) in the 
presence of costimulatory CD2S mAbs (dark 
gray bars). At the same time T cells from the 
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Fig.2 A, B. FL cells are poor APC although they express high levels of MHC molecules. A Response of allogene
ic CD3+ T cells to FL cells. CD3+ T cells from seven normal donors were co-cultured with unstimulated FL 
cells from seven patients. As controls, T cells were stimulated with freshly isolated resting B or CD40-activat
ed (CD40-B) splenic B cells or with an EBV-LBL. [3Hl Thymidine incorporation was assessed for the last 16 h 
of a 5-day culture. The stimulation index for every donor was calculated as cpmT cells + FL cell/cpmTcells' Results 
are expressed as means ± SDs of the stimulation index of the seven normal donors. IL-2 was assessed by EL
ISA. B Cell-surface expression of MHC class 1 and II molecules ICAM-1 and LFA-3 and costimulatory mole
cules B7-1 and B7-2 on unstimulated FL cells. Phenotype of three representative FL cells is compared with 
normal resting B cells and CD40-B cells. Shaded area indicates fluorescence of isotype-matched antibody 

peripheral blood of the same patient as well 
as T cells from healthy donors were ana
lyzed. Whereas the normal control T cells 
and the peripheral blood T cells of the pa
tient showed minor proliferation to CD3 
stimulation which was significantly in
creased by the addition of CD28 mAbs, T
TIL showed no proliferation to both stimuli 
(Fig. 3A). T cell proliferation induced by 
phorbol myristate acetate (PMA) in the 
presence of CD28 mAbs (dark gray bars) 
demonstrated that T-TIL were able to pro
liferate (Fig. 3B). Since PMA activates pro
tein kinase C (PKC) directly these data indi
cated that T -TIL were defective in proximal 
T cell signaling. 

To further study this possibility, Western 
blot analysis of components of the proximal 
T cell receptor signaling cascade in T-TIL 
were performed. As shown in Fig. 4, al
though T -TIL showed reduced levels of TCR 
S, they expressed normal amounts of the 
CD3 molecule on the cell surface. These 
findings confirm results in other human tu
mors [31-34] and in several murine tumor 
model systems [35, 36] suggesting that T 
cells are altered in the tumor microenviron
ment. The lack of TCR S might partially ex
plain the lack of T -TIL to proliferate to T cell 
mediated signals. To test this hypothesis we 
first sought to determine signals that might 
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be capable of overcoming this defect. Incu
bation ofT-TIL, with exogenous IL-2 for 24 h 
restored the expression of TCR S already and 
further incubation did not induce signifi
cantly higher expression. These IL-2 prein
cubated T -TIL could proliferate to CD3 
mAbs in the presence of CD28 mAbs, indi
cating that proximal T cell receptor signal
ing defects were reversed by exogenous IL-2 
(data not shown). Whether other cytokines 
are capable of reversing this defect is cur
rently under investigation. 

T-TIL in FL Show no Spontaneous Cytotoxicity and 
Show Either Very Low or Undetectable Expression of 
Granzyme Band Perforin 
Since T -TIL could not even be stimulated by 
an antigen-independent TCR signal, we 
were not surprised that these cells did not 
show any FL-directed cytotoxicity (data not 
shown) as has been shown for freshly is 01 at -
ed T-TIL in some other human tumors. Pre
incubation with IL-2 for up to 7 days did not 
induce any FL-directed cytotoxicity (data 
not shown), indicating that either other de
fects are still present in these cells or alterna
tively the frequency of FL-specific cells is 
rather low. The lack of cytotoxicity by autol
ogous T cells can not be explained by the in
ability to induce T cell mediated apoptosis in 
FL cells since allogeneic T cell lines (TCL) in-
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mAbs ± costimulatory CD28 mAbs. Highly purified peripheral blood T cells from two healthy donors (Tl, 
T2), peripheral blood T cells from 4 patients with FL (FL4, FL6, FL12, FL16) and highly purified T-TIL from 
the same four patients were stimulated with submitogenic CD3 mAbs with (dark gray bars) or without (light 
gray bars) costimulatory CD28 mAbs. [3Hl Thymidine incorporation was assessed for the last 16 hrs of a 3-
day culture. B The same T cells were stimulated at the same time with PMA with (dark gray bars) or without 
(light gray bars) costimulatory CD28 mAbs 

duced by multiple stimulations with CD40-
FL cells could kill both CD40-FL cells and FL 
cells, suggesting that FL cells are susceptible 
to T cell mediated killing (data not shown). 

Therefore, we next sought to determine if 
T -TIL express sufficient amounts of the 
molecules necessary for cytotoxic effector 
function. The major cytotoxic pathway in 
T cells has been identified [37,38] and per
forin [39] and granzyme B [40] have been 
proven in knockout experiments [41] to be 
essential for this pathway. The lack of one of 
both molecules is sufficient to completely 
block the cytotoxic function ofT cells to tar
gets that cannot be killed by alternative 
pathways [42-44] including interaction 
between Fas ligand [45] and Fas [46] and 
TNF-mediated cytotoxicity [47]. 

Perforin and granzyme B were analyzed 
by immunohistochemistry in FL samples. 

Whereas there was virtually no expression of 
perforin detectable in any of the FL cells test
ed, we could see staining for granzyme B in 
T -TIL in some but not all FL tested (data not 
shown). To further quantitate the production 
of granzyme B in these samples quantitative 
RT -PCR for granzyme B was performed and 
the amount in T-TIL compared with periph
eral blood T cells from the same patient and 
from healthy donors. In T -TIL granzyme B 
was either not detectable or significantly 
lower than in T cells from peripheral blood 
(data not shown). Although these results 
strongly suggest that the expression of these 
important molecules is not sufficient in T
TIL in FL they do not rule out that very low 
amounts of these molecules might be already 
sufficient for T cells to be highly cytotoxic. 
However, when cardiac [48-50], liver [51] or 
renal [52, 53] allografts in murine model 
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Fig.4. T-TIL in FL express decreased levels ofTCR 1;. Peripheral blood T cells from one healthy donor and 4 pa
tients (FL4, FL6, FL12, FL16) were compared with T cells from a hyperplastic LN and T -TIL from the same pa
tients for their expression of surface CD3 and total TCR 1;. Surface expression of CD3 was measured by FACS 
analysis. Shaded area indicates fluorescence of isotype-matched antibody. For analysis ofTCR ~ T cells were 
lysed and Western blot analysis performed using equal amounts of whole lysates 

systems are analyzed for granzyme B expres
sion at time of allograft rejection, these tis
sues are infiltrated by huge numbers of T 
cells exceptionally expressing high levels of 
granzyme B suggesting that the expression 
of this molecule in T -TIL is insufficient [54]. 

Expression of IL-l0 and TGFI3 in Non-Hodgkin 
Lymphoma 
Several studies have demonstrated that IL-
10 and TGFI3 are produced by a variety of B 
cell tumors including pre-B ALL, CLL, plas
mocytoma and a variety of NHL. We have 
analyzed FL cells and T -TIL for the expres
sion of TGFI3 by quantitative RT-PCR and 
could measure mRNA for this cytokine in FL 
cells as well as in the T -TIL (Fig. SA). The 
amount was higher than in normal T cell 
control samples suggesting that the TGFI3 
could be expressed in higher quantities in 
the tumor microenvironment. In addition 
IL-lO was expressed by all FL samples tested 
to date and could be shown not only by PCR 
analysis, but also by intracytoplasmic stain
ing on FACS analysis (Fig. 5B) indicating 
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that both inhibitory cytokines are indeed 
present at the tumor site. 

Taken together, several defects in the inter
action of tumor-infiltrating T cells and the 
tumor cells are demonstrated, which might, 
at least in part, explain the lack of a clinically 
significant T cell mediated immune response 
against this tumor. We strongly believe that 
the knowledge about these defects is ex
tremely important to identify new successful 
strategies for immunotherapy in this disease 
and other B cell malignancies. 

Repair of the Defects in HIL 

Since we could demonstrate that FL cells can 
be modified in vitro via CD40 activation to 
become effective allo-APC able to prime al
logeneic T cells against the primary FL cells 
[29], we next sought to determine if these 
cells could overcome the defects in T-TIL 
cells and could stimulate autologous T -TIL 
cells to recognize the autologous FL cells and 
subsequently kill the tumor cells. 



A TGF[31 (quant. RT-PCR) B IL-10 (intracytoplasmic staining) 
Fig.S A, B.IL-1O and TGFJ3 are 
expressed in FL. A TGFJ3 was 
measured by quantitative 
RT-P in normal control sam
ples (PBL derived T cells), in 
T-TIL and in the tumor cells 
themselves. A representative 
experiment is shown here. 
616 T-TIL and 10/10 FL cells 
were highly positive for 
TGFJ3l. B Intracellular stain
ing for FL cells. Although all 
FL expressed mRNA for IL-
10 (data not shown), protein 
could only be measured in 
some of the samples ana
lyzed so far. One representa
tive sample of IL-IO+ FL cells 
is shown here 
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Fig.6A-E.Highly enriched T-TILs expanded in the presence of CD40-FL and exogenous IL-2 exhibit cytotoxic
ity against autologous lymphoma cells. A T-TILs from patient FL4 were stimulated with CD40-FL cells (sol
id squares) or CD40-FL cells in the presence of 100 IU/ml IL-2 (solid circles). Total number of viable cells was 
assessed by Trypan blue exclusion test and number of CD3+ T cells by immunophenotyping on day 0, 7,14,21 
and 28 of culture. Viable cells were> 97% CD3+ T cells as assessed by phenotypic analysis. B Cytotoxicity of 
TCL cells after 3 stimulations with CD40-FL with addition of IL-2 at day 3 of co-culture. Cytotoxicity was as
sessed on day 28 of culture. As targets autologous CD40-FL cells (solid circles), FL cells (solid squares), autol
ogous CD40-B cells (open squares), allogeneic CD40-B cells (open diamonds) and allogeneic CD40-FL cells 
(open circles) were used in B chromium release assay and C JAM test. Similar results were obtained using 
cells from patient FL6. D TCL lines derived from T-TILs depleted of CD8+ T cells exhibit reduced cytotoxic
ity against FL and CD40-FL cells. E Blockade of MHC class I (open diamond), MHC class II (open square) by 
mAbs decreases anti-FL directed T cell cytotoxicity and the combination of both (open circle) almost abro
gates cytotoxicity of autologous TCL to FL4 

Identification and Optimization of Culture Condi
tions for T-TIL to Overcome the General Unrespon
siveness and to Induce FL -Directed Cytotoxicity 
To determine whether CD40 activated FL 
(CD40-FL) cells could be used to expand T
TILs they were purified and stimulated with 
CD40-FL cells weekly. Viable CD3+ cells iso
lated thro~ghout these cultures are shown in 
Fig.6A. 

No expansion occurred when the T -TILs 
were cultured without the addition of cyto-

kines. However, under these culture condi
tions, the addition of exogenous IL-2 from 
day three of culture induced a more than 20-
fold increase of CD3+ T cells after 28 days. 
Cytotoxicity of T cells isolated from day 28 
of culture with CD40-FL and exogenous IL-
2 are shown in Fig. 6B and C. At this time 
point T cells lysed autologous CD40-FL cells 
(solid circles) as well as unstimulated FL 
cells (solid squares). There was only minor 
cytotoxicity against allogeneic CD40 act i-
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Fig. 7. Cytotoxicity of TCL cells under different culture conditions. T -TILs (5 X 106 cells) from FL4 were isolat
ed, purified and stimulated with CD40-FL cells in the presence ofIL-2 (100 IU/ml) either alone orin combi
nation with IL-4 (2 ng/ml), IL-7 (5 ng/ml), IL-12 (1 ng/ml) or IFN-y (10 ng/ml). Cytotoxicity was measured by 
JAM-test. As targets autologous CD40-FL cells (solid circles), FL cells (solid squares), autologous CD40-B 
cells (open squares) and allogeneic CD40-FL cells (open diamonds) were used. Cytotoxicity was analyzed af
ter three stimulations with CD40-FL and exogenous cytokines added at day three of culture 

vated B cells (open diamonds) at high E:T 
ratios and no cytotoxicity against allogene
ic CD40 activated FL cells (open circles) cul
tured under the same culture conditions. 
More important autologous CD40 activated 
normal B cells (open squares) cultured 
under the exact same culture conditions as 
the CD40-FL cells were not lysed at low E:T 
ratios and significantly less than the CD40-
FL cells at the highest E:T ratio. This indi
cates that the cytotoxicity is directed 
against tumor-associated antigens and 
rules out that CD40-FL cells presented anti
gens captured during culture. Moreover 
these results indicate that common B cell 
antigens do not seem to be a major target for 
these T cells. When T cell lines were estab
lished which were depleted of CD8+ T cells 
prior stimulation and expansion, cytotoxic
ity against both FL cells (24% at E:T = 30:1) 
as well as CD40-FL cells (24% at E:T = 30:1) 
was diminished but not abrogated indicat
ing that both CD4 + and CD8+ T cells were re
sponsible for cell death of the FL cells (Fig. 
6D). Blockade by MHC class 1 or II mAbs de
creased FL-specific cytotoxicity and the 
combination of both almost completely ab
rogated cytotoxicity (Fig. 6E) indicating 
that both CD4+ and CD8+ T cells are exhibit
ing FL-directed cytotoxicity. 

T cell expansion induced by CD40-FL cells 
in the presence of IL-2 (Fig. 6A) would likely 
be insufficient for adoptive transfer strate
gies. Therefore, we examined whether the 
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addition of other exogenous cytokines 
could enhance T cell proliferation and/or cy
totoxicity. When autologous T cells were 
stimulated with CD40-FL cells in the pres
ence of either IL-4, IL-7, IL-12 or IFNI', no 
expansion could be detected (data not 
shown) suggesting that IL-2 was a prerequi
site for expansion of these T cells. However, 
as seen in Fig. 5, when T -TILs were cultured 
with CD40-FL and exogenous IL-2 alone 
their expansion was increased by further ad
dition of IL-4 (70 fold increase), IFNI' (52 
fold increase) or IL-7 (28-fold increase). In 
contrast, the further addition of IL-121ed to 
a five fold decreased expansion compared to 
IL-2 alone (data not shown). 

We next assessed cytotoxicity of the T 
cells expanded under the various culture 
conditions described above. After 28 days of 
culture and three consecutive stimulations 
with CD40-FL cells (Fig. 7), TCL expanded 
with lL-2 resulted in killing of CD40-FL cells 
at 52% (solid circle) and FL cells at 31 % (sol
id square) at an effector to stimulator ratio of 
30: 1 whereas there was significantly less kill
ing of autologous (open square) and alloge
neic activated B cells (open diamond). Al
though the combination ofIL-4 and lL-2 was 
the most efficient combination to expand T 
cells stimulated with CD40-FL cells, some
what surprisingly this led to greatly dimin
ished cytotoxicity against CD40-FL cells 
(28% at a E:T = 30:1) and loss of cytotoxic 
activity against unstimulated FL cells {Fig. 



7). Moreover, there was loss of specificity 
since they now killed autologous activated B 
cells (27% at an E:T = 30:1) but not allogene
ic activated B cells. T cell lines expanded in 
the presence ofIL-2 and either IL-7 or IL-12 
killed CD40-FL, unstimulated FL cells and 
normal B cells comparably to T cells ex
panded with IL-2 alone. The most specific 
cytotoxicity was induced by TCL expanded 
with the combination of IL-2 and IFNI'. Al
though these TCL did not kill more efficient-
1y than TCL expanded in IL-2 alone, there 
was now negligible non-specific killing of 
normal B cells (Fig. 7). Taken together, these 
results suggest that culture conditions for ef
ficient expansion of lymphoma specific cy
totoxic T cells includes culture of the T -TILs 
with CD40-FL followed by addition of exog
enous IL-2 and IFNI'. 

Stimulation with (D40 Activated FL (ells in the Pres
en(e of IFNI' and IL-2Indu(es FL-Spedfi( T (ells in 4 
of S Patients 
Using these optimized culture conditions we 
next assessed whether T-TILs could be iso
lated and expanded from four additional pa
tients with FL. As can be seen in Fig. 8, T cells 
could be expanded from T-TILs in each pa
tient after 28 days of culture from 21.8 to 
250.2 fold (calculated values). 

Since we could purify T cells from these 
patients ranging from 1.9 X 107 cells up to 
2.5 X 108 cells this would translate into a po
tential number of expanded T cells ranging 
from 4.14 X 108 to 1.23 X 1010 cells, if all cells 
isolated would be used entirely for expan
sion (Fig. 8). Since these tumor samples were 
not obtained for therapeutic use, these num
bers might be even higher in a therapeutic 
setting. Cytotoxicity of these cells after 28 
days in culture was assessed (Fig. 9). At an 
E:T ratio of 30:1, specific cytotoxicity from 
four patients ranged from 38 to 82% against 
autologous CD40-FL (closed circles) and 
from 25.6-39.1 % against the autologous FL 
cells (closed squares). No detectable cyto
toxicity against the unstimulated autologous 
FL cells was generated from patient FLI5. T
TILs expanded from FL12 had slightlyele
vated cytotoxicity against allogeneic CD40 
activated B cells (open diamond) at a E:T ra
tio of 30:1. Non-specific killing against au
tologous B cells (open square) could not be 

tested from FLIO, FLI2 and FLI5. However, 
autologous PHA blasts (open circles) or au
tologous T cells (data not shown) were not 
lysed by the expanded T cell lines from these 
patients. 

Taken together, these data indicate that FL 
cells can function as APC in all autologous in 
vitro system once they are pre-activated via 
the CD40 pathway. Moreover T-TIL can be 
primed to recognize and kill the primary FL 
cells in vitro. The expression of granzyme B 
by T -TIL or TCL generated from T -TIL cor
relates with their cytotoxic effector function 
in vitro (data not shown). 

Overcoming Immunosuppression byTGFI3 and IL-l0 
For immunotherapy using CD40-FL cells as 
a tumor vaccine it is important to know if 
these cells could also stimulate T cells in the 
presence of inhibitory cytokines which are 
produced in the tumor bearing host. To an
swer this question, experiments were per
formed using CD40-FL cells as allo-APC in 
the presence of inhibitory cytokines. As con
troIs we used the unstimulated FL cells in the 
presence if costimulatory CD28 mAbs (data 
not shown) or dendritic cells (data not 
shown). Only CD40-FL cells were fully com
petent APC in the presence of IL-lO and 
TGFI3 or their combinations, neither FL cells 
with exogenous co stimulation nor dendritic 
cells could overcome the effect of ILIO and 
TGFI3 on the T cells. 

Even if vaccination would be performed 
after cytoreduction therapy, it has to be es
tablished if autologous CD40-FL cells could 
stimulate T cells which are unresponsive to T 
cell receptor signals. To answer this issue al
logeneic T cells were preincubated with sev
eral cytokines and subsequently stimulated 
with FL cells, FL cells plus CD28 mAbs or 
CD40-FL cells (data not shown). 

Similar results as described above were 
obtained. Preincubation with IL-2, IL-4 or 
IFNI' compared to medium alone did not 
decrease T cell proliferation induced by al
logeneic FL cells (data not shown). As ex
pected, proliferation induced by FL cells was 
very low, addition of CD28 mAbs increased 
proliferation and CD40-FL cells were the 
most potent stimulators. Preincubation with 
IL-10 and/or TGFI3 did not decrease T cell 
proliferation induced by CD40-FL cells but 
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reduced proliferation induced by FL cells 
and FL cells plus CD28 mAbs significantly 
(data not shown), suggesting that only 
CD40-FL cells were capable to overcome T 
cell unresponsiveness induced by these cy
tokines. Interestingly the addition of IL-2 
during preincubation rendered the T cells 
responsive (data not shown) indicating that 
the effect of IL-2 on the T cells is dominant 
over the effect of IL-l 0 and TGF[1. 
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Translation of the Results into the Clinic: Vaccination 
with C040-Activated Follicular Lymphoma Cells 

Based on the above described data we have 
initiated a phase I trial using CD40 activated 
FL cells as a tumor vaccine. This trial is a 
phase I trial to determine the feasibility and 
maximal tolerated dose of CD40 ligand acti
vated follicular lymphoma cells to patients 
with relapsed Follicular Lymphoma. Pa-



tients eligible are less then 70 years of age 
with NHL, Working Formulation B-C, who 
failed at least one chemotherapy regimen. 
They must be ineligible for, or refused entry 
to, available institutional bone marrow 
transplantation protocols. Patients must 
have adequate tumor tissue available for 
harvesting. They must have evaluable dis
ease by physical exam or radiographic stud
ies after harvesting tissue samples necessary 
for vaccine preparation. Life expectancy has 
to be greater than 6 months and ECOG per
formance status of 0-1. Eligibility includes 
also no evidence of pulmonary or cardiac 
compromise. Patients with evidence of ac
tive infection requiring therapy, infection 
with HIV, pregnancy or nursing, as well as 
chemotherapy, immunotherapy or radiation 
therapy within 4 weeks of protocol entry, on
going immunosuppressive therapy or prior 
history of autoimmune disease are not eli
gible. 

Patients will be treated with 2-6 vaccina
tions of each 108 live CD40 activated autolo
gous FL cells intravenously. This trial in
cludes a dose escalation schema. Three pa
tients will be treated with 2 vaccination 2 
weeks apart, 3 further patients with 4 vacci
nations and another 3 patients with 6 vacci
nations, each 2 weeks apart. Dose limiting 
toxicity (DLT) will be defined as grade 3 or 4 
non-hematologic toxicity as defined by the 
Common Toxicity Criteria. Up to 3 patients 
will be initially enrolled at each dose level; 
additional patients can be added at that dose 
level if any of the 3 are invaluable. If no DLT 
is seen in the first 3 evaluable patients, the 
next patients will be registered at the next 
dose level. If one of 3 patients experiences 
DLT, then additional patients must be added 
to the current dose level. The decision con
cerning escalation will be delayed until the 
appropriate number of individuals is evalu
able. If two or more patients of one dose lev
el experience DLT, no more patients will be 
entered at the current dose level and the low
er dose will be declared the MTD. With this 
design, the probability of escalating for 
specified values of the true but unknown 
probability of experiencing DLT is given in 
the table below. 

To date 5 patients have been enrolled in 
the study, vaccines have been prepared for 4, 

and 3 patients have been treated. Therapy 
has shown no side effects. All three patients 
have been enrolled with progressive disease 
and huge tumor load. Clearly, it is very un
likely that this approach will result in any 
clinical response. At the moment it is to early 
to anticipate, whether these 3 patients have 
benefited from the therapy. 

Discussion 

As exemplified for the B cell malignancies by 
Follicular Lymphoma, we have started to un
cover some of numerous defects in the inter
action of the hosts immune response and B 
cell malignancies. Both the tumor cells and 
the T cells in the tumor microenvironment 
exhibit defects responsible for the lack of 
recognition by the hosts' T cells. Poor APC 
capacity by the tumor cells, lack of impor
tant signaling molecules in the T cells TCR 
as well as insufficient expression of impor
tant effector molecules indicate that a dys
regulation of control mechanisms in the 
interaction of T and B cells in these B cell 
malignancies might be involved in the 
pathogenesis of the disease. Increased ex
pression of immune inhibitory cytokines is 
another indication for this dysregulation. 
Novel immunotherapy has to be based on 
the understanding of the pathophysiology of 
the disease. It can not be our goal only to in
duce an immune response against the tumor 
if we are not successful in overcoming the 
defects induced by the tumor or its micro en -
vironment. Therefore we have to include 
into the establishment of novel approaches 
their efficacy under such circumstances. 
Here we demonstrate that the use of B cell 
tumor cells as antigen presenting cells to 
present their own tumor antigens is success
ful in vitro even if the effector T cells are in
hibited by downregulatory cytokines. We 
further demonstrate that the technology is 
easy and feasible for a clinical setting. Based 
on the in vitro findings and after optimiza
tion for a clinical protocol we have begun to 
translate our findings into the clinical arena. 
Here we shall test our principle concept of 
whether malignant B cells can function as 
APC in vivo. These ongoing and future trials 
will answer the questions if this strategy is 
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safe and successful in vivo in the human. 
Based upon our results in follicular lympho
ma, we aim to broaden these studies into all 
B cell malignancies. 
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Introduction 

Whereas the probability of event-free survi
val at 5 years of children with initial ALL ap
proaches 75% the outcome of children with 
relapsed ALL is still poor [1-4]. The prob
ability of event free survival at 5 years is 
about 30%. Therefore, the Berlin-Frankfurt
Munster (BFM) study group designs and 
performs clinical multi-center trials to opti
mize therapy for children with relapsed 
(REZ) acute lymphoblastic leukemia (ALL). 

In all, four main studies have been carried 
out, namely ALL-REZ BFM 83, 85, 87, and 90. 
Additionally, seven pilot studies have been 
executed to check for feasibility of the main 
studies as well as to test new approaches. 
These were the studies ALL-REZ BFM P87, 
PSS, PS9, P91, P92, P94, and P95. The current 
main study is named ALL-REZ BFM 96 and 
started January 1st 1997. Each successive 
study included the knowledge gained during 
the previous trials as well as the experiences 
of the studies with children presenting with 
the initial disease [5,6]. 

Patients and Methods 

This report presents the results of patients 
who have been treated according to ALL
REZ BFM protocols. Patients enrolled into 
study ALL-REZ BFM 96 are not included. 
The inclusion criteria were: patients pre-

senting with the first relapse of a non B acute 
lymphoblastic leukemia; patients had to be 
younger than 18 years at relapse diagnosis; 
informed written consent had to be ob
tained from guardians (and patients if ap
propriate) prior to treatment. During the 
study ALL-REZ BFM 90 children with a very 
poor prognosis were excluded and treated 
according to pilot protocols. 

Three independent risk factors have been 
identified that predict the outcome of chil
dren with relapsed ALL, namely timepoint, 
immunophenotype, and site [6]. The dura
tion of first remission is categorized into 
three classes. Timepoint "late" is defined as 
relapse free-survival longer than 6 months 
after cessation of front-line therapy, time
point "early" denotes relapses occurring ear
lier then 6 months after cessation of front
line therapy but later than 18 months after 
initial diagnosis. All other relapses are de
fined as "very early" relapses. The current 
ALL-REZ BFM stratification scheme entails 
these three risk factors, see Table 1. 

Survival time was computed from the date 
of relapse diagnosis to the last follow-up. 
Event-free survival (EFS) was calculated 
from date of second remission to the last 
date the patients were reported to be in sec
ond continuous remission or the date of an 
adverse event. In case of nonresponse to 
therapy, EFS was set to O. In patients under
going bone marrow transplantation (BMT), 
survival time and EFS were censored with 
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Table 1. Therapy groups defined in ALL-REZ BFM 96 

Immunophenotype: non-T Immunophenotype: (pre-) T 
Extra- BM BM extra- BM BM 5ite 

Time 
point 

medulary combined isolated medulary combined isolated 

Very early 
Early 
Late 

52 
52 
51 

54 
52 
52 

BM = bone marrow. 

the date of the transplantation for survival 
analyses showing results of ALL-REZ BFM 
chemotherapy. For survival analyses includ
ing chemotherapy and BMT, patients under
going autologous BMT were censored with 
the date of BMT [7]. 

Statistical analysis entailed univariate sta
tistics [8] and survival analysis [9]. The level 
of significance was set to ex = 0.05 for all 
tests. All computations and statistics were 
performed on a PC using SAS, version 6.11 
(SAS Institute, Cary, NC, USA). 

Results 

Altogether 1175 children, 770 boys and 405 
girls, have been treated according to the 
aforementioned protocols; 777 patients were 
enrolled into the main studies and 398 into 
the pilot studies. Their median a~e at initial 
ALL diagnosis was 63 months (5t percentile 
16, 95th percentile 169 months). The median 
age at relapse diagnosis equaled 99 months 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

ALL-REZ BFM Chemotherapy 

Probability (Kaplan-Meier estimate) 

lale; N = 513; p = 0.37 

earty; N = 344; P = 0.18 

very •• ny: N = 318: p = 0.10 

Event-free survival time [years] 

Fig.1. Event -free survival by time point of relapse 

736 

54 
53 
52 

52 
52 
51 

54 
54 
54 

54 
54 
54 

(5th percentile 35, 95th percentile 198 
months). The median duration of first remis
sion lasted 27 months (5th percentile 8, 95th 

percentile 72 months). In terms of time
points, 513 children suffered a late relapse, 
344 an early, and 318 a very early relapse. In 
1097 instances immunophenotyping oflym
phoblasts was performed, 161 samples were 
of (pre-) T and 936 of non-T lineage. EFS by 
the three major risk factors are shown in Figs. 
1-3. Event-free survival by therapy group as 
defined in Table 1 is displayed in Fig. 4. 

A second remission could be achieved in 
991 children (84.3%), 124 (10.6%) did not re
spond to therapy, 60 children (5.1%) died 
during induction therapy. As can be noted in 
Fig. 4 most induction failures occur in the 
patient groups with poorest prognosis, 
namely S3 (41/174) and S4 (105/298). Addi
tionally, after a second remission is achieved 
their relapse-free survival can be expected 
to be very short. 

Allogeneic bone marrow transplantation 
was performed in 178 instances. The benefi-
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Probability (Kaplan-Meier estimate) 
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Fig.2.Event -free survival by immunophenotype of relapse 
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Fig.3. Event -free survival by site of relapse 
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Fig. 4. Event -free survival by therapy group 
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Table 2. Events in second remission 

Event Chemotherapy 

No event 307 
Relapse 427 
Second malignancy 2 
Death in remission 27 

Total 763 

BMT = bone marrow transplantation. 

cial effect can be seen clearly in Fig. 4, thera
py group 53. In fact, children with early, non
T, isolated bone marrow relapses seem to 
benefit most from allogeneic bone marrow 
transplantation. It has been shown already 
that the current procedure of autologous 
bone marrow transplant is not effective [7]. 

Death in second remission is a rather rare 
event (271763 = 3.54%) in patients receiving 
chemotherapy only. The risk to die after al
logeneic bone marrow transplantation is 
considerably higher (30/178 = 16.85%). But 
the frequency of relapse after allogeneic 
bone marrow transplantation is definitely 
lower. The events in second remission are 
compiled in Table 2. 

Discussion 

Despite many efforts the outcome of chil
dren with relapsed ALL is poor. The overall 
probability of 5-year event -free survival is as 
low as 30%. 5till, a small group can be found 
with an excellent outlook, these are children 
with late extramedullary relapses. Another 
group with similar good outcome are TEL
AML 1 positive ALL (data submitted for pub
lication). 50me progress has been made by 
adding preventive CN5 radiation to the ther
apy plan of children with late isolated bone 
marrow relapses [10]. 

The induction of a second remission is the 
first hurdle that has to be conquered. From 
trial ALL-REZ BFM 90 there is evidence that 
the time intervals between the first courses 
of induction therapy might influence both 
remission rate and long term outcome [11]. 
Hence the current triaIALL-REZ BFM 96 ad
dresses the question whether the intervals 
between therapy blocks can be shortened 
using defined rules for dose reductions 

738 

Allogeneic BMT Autologous BMT Total 

92 11 410 
55 38 520 

1 1 4 
30 0 57 

178 50 991 

and/ or the randomized administration of G
C5F. For therapy groups 52-54 the mainte
nance of a remission remains a problem. A 
recently published meta-analysis demon
strated the benefit of reinduction pulses 
during maintenance therapy [12]. There
fore, in the current trial ALL-REZ BFM 96 re
induction pulses have been added to the 
maintenance therapy for therapy groups 52, 
and for therapy groups 53 and 54 bone mar
row transplantation has been made obliga
tory as soon as a second remission is 
achieved. 

Even though the tailored-therapy ap
proach (ALL-REZ BFM P92) was not as suc
cessful as expected [13] assessment of in vi
tro resistance to cytostatics may be of help to 
predict toxicity of the therapy individually 
[14]. Finally, the monitoring of minimal re
sidual disease might help to identify patients 
that need a more intensive treatment, and 
those who need less. 

A comparison between the presented re
sults and reports from other group are al
ways difficult. The big advantage of the ALL
REZ BFM studies is the high compliance of 
all participating centers guaranteeing un
biased results. 
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Abstract. Between 1993 and 1996,54 children 
aged from 6 mths-18 years (16 girls and 38 
boys) with first relapse of acute lymphoblas
tic leukemia were included to the study. The 
children were treated according to the BFM 
90 relapse protocol. There were 40 cases with 
early (including 14 children with very early) 
and 14 cases with late relapse (BM-30,local-
12, combined 12). The probability of EFS 
were calculated according to the Kaplan
Meier method. 

The overall second complete remission 
(CR) rate in very early was 71.42%, in early 
relapse was 73.07% and in late relapse 
78.57%. The probability of overall event-free 
survival (EFS) after 2 years was 39.9%. The 
EFS achieved in children with late relapses 
was four times higher when compared with 
early and very early relapses 73.2% vs. 59% 
vs. 29.2% (p = 0.05). 

The results obtained with BFM 90 chemo
therapy in children with first late relapse are 
acceptable. One must conclude that for chil
dren with early relapses, other chemothera
py methods together with BMT in second re
mission should be applied. 

Introduction 

Many factors within the past 10 years have 
contributed to a marked improvement in the 
prognosis of childhood acute lymphoblastic 
leukemia (ALL): an increasing number of ef
fective chemotherapeutic agents, combina
tion chemotherapy, modified dose sched
ules, intensive treatment during remission, 
CNS prophylaxis and vigorous supportive 
care. Over 75% children now become long
term survivors [1,2]. Relapse has to be con
sidered as the most important obstacle in 
the way of curing all children with ALL. It is 
still unclear how best treatment for children 
with ALL, who are in a second remission [3, 
4,5]. 

Fifty-four of 600 children treated for ALL 
in seven centers of The Polish Children's 
Leukemia Lymphoma Study Group between 
1993-1996 according to the BFM protocols, 
relapsed during therapy or after its discon
tinuation. 
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3 Department Children's Hematology and Oncology, Faculty of Medicine, Poznan, Poland 
4 Department Children's Hematology and Oncology, Faculty of Medicine, Warsaw, Poland 
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Table 1. Initial characteristics of children with first ALL relapse treated according to BFM -90 protocol 

Boys 
Sex girls 

Age < 2 years 
2-10 years 
> 10 years 

LRG 
Clinical MRG 
classification HRG 

L1 
FAB classification L2 

L3 

B 
Immunological PreB 
classification T 

Common 
NonTnonB 

Material and Methods 

Patients and Definition 

Between June 1993 and April 1996,54 chil
dren aged from 2-18 years (16 girls and 38 
boys) with first relapse of acute lymphoblas
tic leukemia were included to the study. In
itial characteristics of the children at first 
presentation of the disease and at relapse are 
presented in Table 1. 

T cell ALL was recognized in 6.45% for 
children with first diagnosis and 3.12% at re
lapse. B cell ALL was diagnosed in 3.22% 
both at first diagnosis and at relapse. 

At their first presentation children were 
treated according to the BFM 86 protocols 
for LRG and MRG groups and New York pro
tocol for HRG group [6, 7]. At relapse the 
BFM 90 relapse protocol was used. In ten 
children megachemotherapy with BMT was 
applied (in 8 allo BMT in 1 auto BMT in 1 
PBSCT). 

Very early relapses were those, which oc
curred at the patients at first 18 mths of first 
line therapy. 

The early relapses were diagnosed when 
occurred still on therapy or up to 6 months 
after stopping of front line treatment. The 
remeinder were estimated as late relapses. 

Isolated bone marrow relapse was diag
nosed in the presence of 25% bone marrow 
blasts with the absence of any other clinically 
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38 (68.03%) 
16 (31.97%) 

First diagnosis Relapse 

3 (5.56%) 
41 (75.92%) 34 (69.39%) 
10 (18.52%) 20 (29.25%) 

14 (25.92%) 
26 (48.16%) 
14 (25.92%) 

26/42 (61.90%) 10128 (35.71 %) 
15/42 (36.10%) 17128 (60.14%) 

1/42 (2.00%) 1/28 (4.15%) 

1/31 (3.22%) 1/32 (3.12%) 
15/31 (48.39%) 17/32 (53.63%) 

2/31 (6.45%) 1/32 (3.12%) 
11/31 (35.49%) 11/32 (34.08%) 

2/31 (6.45%) 2/32(6.15%) 

proven leukemic extramedullary infiltra
tions. 

Isolated extramedullary marrow relapses 
were diagnosed in children with clinically 
overt manifestations ofleukemia or histolog
ically/cytologically proven leukemic infiltra
tions at any site except bone marrow. Marrow 
involvement was diagnosed in children with 
proven leukemia at extramedullary sites and 
at least 5% blasts in bone marrow. 

Types and time of first ALL relapse in 
childhood are presented in Table 2. The pre
dominance of early and very early relapses 
was observed in our material (73.77%). 
There were 26 cases with early, 14 with very 
early relapse and 14 cases with late relapse. 
Most of early relapses were isolated BM 
(57.41 %),followed by isolated CNS (12.96%) 
and testes (7.43%). The proportion of early 
mixed relapses was 22.22%. In the group of 
late relapses predominated also isolated BM 
(57.14%) involvement followed by isolated 
CNS (21.43%) relapse, combined BM+tests 
(14.28% ). 

In boys with unilateral testicular relapse 
the involved testis was surgically removed 
and biopsy was taken from clinically non in
volved testis. If the biopsied testis proved his
tologically to be free ofleukemia, radiothera
py was administered to the remaining testis 
at dose of 18 Gy. In patients with bilateral tes
ticular relapse either both testicles were to be 
removed or irradiated at a dose of 24 Gy. 



Table 2. Type and time of first ALL relapse treated according to BFM -90 protocol 

verj;early Early relapse Late relapse Total 
Type of relapse re apse 

n= 14 n=26 n= 14 n=54 
(25.63%) (48.14%) (25.63%) (100%) 

n [%] n [%] n [%] n [% ] 

Isolated 
BM 10 71.43 13 50 8 57.14 31 57.41 
CNS 2 14.28 3 11.54 2 21.43 7 12.96 
testes 1 7.14 3 11.54 4 7.43 
Razem 13 91,67 19 73.08 10 71.43 42 77.78 

Mixed 
BM+CNS 4 14.29 1 7,14 5 9.25 
BMHestes 7.14 2 7.14 2 14.28 5 9.25 

1 7.14 1 1.85 
BM+mediastinum 3.57 1 1.85 
BM+CNS+bones 

Total 7.14 7 26.92 4 28.57 12 22.22 

Statistical analysis. 
The probability of EFS was calculated according to the Kaplan -Meier method [8]. 

After the end of the intensive phase of treat
ment the children received maintenance 
therapy with daily 6-tioguanine (50 mg/m2) 

and biweekly i.v. Mtx (50 mg/m2). 

The duration of maintenance therapy was 
2 years for children with BM relapse and 1 
year for patients with isolated extramedul
lary relapse. Triple intrathecal therapy in 6-
week intervals up to the end of the first year 
of treatment were administered to children 
with CNS relapse. 

Response Criteria 

In children with BM relapse remission was 
diagnosed, if there were less than 5% blast 
cells in an otherwise normocellular marrow. 
CNS remission was defined by the absence of 
leukemic cells in CSF. 

Treatment 

Patients were stratified into two treatment 
groups AB and C (Fig. 1). 

Regimen AB was given to children with 
early and late isolated and combined BM re
lapse, and regimen C to children with isolat
ed extramedullary relapses, irrespective of 
the time of occurrence. In all patients treat-

ment was started with a 5-day phase of pred
nisone (2 mg/kg/d). This was done to reduce 
the initial mass ofleukemic cells and to sta
bilize the patients general condition. 

Table 3. Treatment courses 

Drug Dosis Adminis-
tered on day 

Block R1 Prednisone 100mglm2 1-7,15-21 
Mercaptopurine 100 mg/m2 1,8,15,22 
Vincristine 1.5mll/m2 1 
Metotrexate i.v. 1 g/m 15,16 
Metotrexate i.t. 12mg* 2,3,17,18 
Cytarabine 300 mg/m2 
Teniposide 165 mg/m2 
L-asparginase 10000U/m2 

Block R2 Dexamethasone 20mg/m2 1-5 
Thioguanine 100 mg/m2 1-5 
Vindesine 3,Om9'm2 1 
Metotrexate i.v. 191m 1 
Metotrexate i.t. 12mg* 1 
Ifosfamide 400mglm2 5 
Daunorubicin 50 mg/m2 5 
Lasparginase 25000/m2 6-8 

Block R3 Dexamethasone 20mglm2 1-5 
Thioguanine 100 mg/m2 1-3 
Vindesine 3.om~/m2 1 
Metotrexate i.v. 19/m 1 
Metotrexate i. t. 12mg* 1 
Ifosfamide 400 mg/m2 1-5 
Daunorubicin 50 mg/m2 5 
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Group AB 

~T 0 @) 0 @) GJ i 
0 0 (0) (0) 

i Group C 

0 
I 
4 

P predn. prophasis 

I block RI-MIH 

2 block R2-MIH 

3 block R3 

t Mtx i.th. 

o bone marrow pnc. 

~ lumbal pUllcture 

@) GJ 0 @) 
radiotherapy 

I I I 
8 12 16 

~EarIY relapse non-T/non-B ALL 

LJGroup AB isolated or combined BM relapse 

Group C extramedullary relapse without BM 

Randomisation in both groups 

Arm M MHD-Mtx Ig/ru2 36h inf. 
Arm H HD-Mtx 5g/m 2 24h inf. 

Fig.l. Relapse protocol ALL BFM -90 

0 @)Rth' 

I I I I 
20 24 tyg. 

Main elements of treatment for induction 
and consolidation were alternating courses 
of intensive polychemotherapy (Rl, R2 and 
R3) (Table 3). All children with BM relapse 
were treated with nine R-blocks, whereas 
only six such courses were administered to 
children with isolated extramedullary re-

lapse. After third block (R3) of chemothera
py allo BMT is recommended. If patients has 
no BMT donor, other 6 blocks of chemother
apy should be applied. 

At the end of the intensive phase the 
systemic chemotherapy was supplemented 
by cranial irradiation in children with eNS 

Table 4. Summary of results to treatment of first ALL relapse treated BFM -90 protocol 

Type of relapse N CR No.CR Second Death Still in CR 
54 39 (75.59%) 15 (26.41 %) II relapse 

n (%) n (%) n (%) n (%) n (%) 

Very early: 14 10 71.42 4 28.58 3 21.42 8 70.33 5 35.71 
BM 10 7 70.00 3 30.0 2 27.27 7 57.14 3 27.27 
Extramedulary 3 3 100 2 100 

CNS 1 1 100 1 100 
Testes 1 1 100 1 100 

Mixed 1 100 1 100 

Early: 26 19 73.07 72 26.3 5 19.23 11 42.30 15 57.67 
BM 13 8 61.54 5 28.46 3 25.00 5 41.67 8 66.67 
Extramedulary 6 6 100 2 26.67 4 80.00 3 42.86 

CNS 3 3 100 1 20.00 2 40.00 3 60.00 
Testes 3 3 100 1 20.00 2 40.00 

Mixed 7 5 71.42 2 28.58 2 28.57 4 57.14 

Late: 14 11 78.57 3 21.42 7.14 3 21.42 9 64.29 
BM 8 6 75.00 2 25.00 14.28 2 28.57 4 57.14 
Extramedullary 2 2 100 3 100 

CNS 2 2 100 3 100 
Mixed 4 3 75.00 25.00 25.00 2 50.00 
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Table S.Early death (first 4 weeks) analysis in children with first ALL relapse treated acc. to BFM-90 protocol 
(n = 7/54) 

Very early relapse Early relapse Late relapse 

n 

Progression of the disease 

Aplasia + infection 0 

Therapy toxicity 
diathesis haemorrhagica 

Infection 1 
CNS 
+ Str.pyog. 
E. coli 

Haemorrhagia ad CNS 0 

Invaginatio ilei 0 

Total 2 

relapse, as well as by testicular irradiation 
in boys with testicular relapse. Cranial irra
diation was administered at dose 24 Gy to 
non-pre-irradiated patients. Standardized 
dose reductions were made according to 
age of patients and doses previously ap
plied. 

In boys with isolated testicular relapses 
remission was achieved by orchiectomy, or 

Isurvivall 

110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o 

(%) n (%) n (%) 

13.3 1 1.85 1 1.85 

0 0 0 0 0 

1.85 0 0 0 0 

1.85 1 1.85 0 0 
Sepsis 
Pseudom. 
aerugo 

0 0 0 1.85 

0 1.85 0 0 

3.70 3 5.55 2 3.70 

in non-orchiectomised patients if the size of 
the involved testis(es) had returned to nor
mal. Complete remission (CR) had to be 
achieved after application of two treatment 
Block. Patients in non-remission at that time 
were termed non-responders, even if CR was 
achieved later. 

39.,9% 

o 5 10 

n=54, RC-29 

15 

Months 

20 25 30 

Fig.2. Probability of event-free survival of children with first relapse of ALL treated according to BFM -90 pro
tocol (n = 54) 
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100 

80 

60 

40 

20 

Late relapse 
(n=14) 

_ Early relapse 
(n=26) 

Very early reI. 
(n=14) 

OL-~--~~--~--~~--~~--~~~~ 

Fig. 3. Probability of event
free survival of children with 
very early, early and late first 
relapse of ALL treated ac
cording to BFM -90 

.50 3.33 6.17 9.00 11.8 14.7 17.5 20.3 23.2 26.0 28.8 31.7 

Months 

Results 

A summary of the treatment response is 
shown in Table 4. 

Overall Results 

The second complete remission (CR) was 
achieved in 39 of 54 patients (75.59%) 

The second complete remission was ob
served in 71.42% of children with very early 
relapse, in 73.07% with early and in 78.77% 
with late relapse. Five children with very ear
ly relapse, 15 children with early and 9 with 
late are still in II CCR. 

Seven from 54 children died during the 
first 4 weeks of therapy (Table 5). 

Late death analysis of 15/54 children 
with first ALL relapse is presented in 
Table 6. 

Clinical evolution of ALL relapse in chil
dren with I relapse of ALL treated according 
to BFM 90 protocol including bone marrow 
transplantation is presented in Table 7. 

The probability of overall event-free sur
vival (EFS) of relapsed children after 2 years 
was 39.9% (Fig. 2). 

The EFS achieved in children with late re
lapses was higher when compared with early 
and very early relapses 70.55% vs. 57.47% vs. 
25.33% (p = 0.05) (Fig. 3). 

The EFS achieved in children with isolated 
late BM relapses was higher when compared 
with isolated early and very early BM 51.20% 
vs. 42.55% vs. 19.47% (p = 0.05) (Fig.4). 

Table 6.Late death analysis in children with first ALL relapse (n = 15/54) 

Very early relapse Early relapse Late relapse 

n (%) n (% ) n (% ) 

Disease progression 6 ILl 8 13.98 0 0 
I relapse 
II relapse 2 5 9.2 0 0 

4 3 5.55 0 0 

DeathinCR 0 0 1.85 0 0 
0 0 1.85 0 0 

Infection 

Total 6 ILl 9 16.67 0 0 
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Table 7. Clinical characteristics of children with I relapse of ALL treated according to BFM 90 protocol includ
ing bone marrow transplantation (n = 10) 

Ip NN Age Sex Type of Type of Time from II relapse Alive days 
relapse BMT beg. of afterBMT 

reI. to BMT 

1. MM 12 m Very early BM AlloBMT 8mths No 235 

2. DS 14 m Very early BM AutoPBSCT 12 mths No 338 

3. AS 10 f EarlyBM AlloBMT 6mths No 448 

4. AK 3 f EarlyBM AlloBMT 10 mths No 147 

5. HSz 6 f Early BM + CNS AlloBMT 3mths No 102 

6. LH 2 m Very early BM AlloBMT 3mths 114 d. after BMT Died 

7. PA 6 m Late BM + testes AlloBMT 6mths 160 d. after BMT Died 

8. EY 5 m Late BM + testes AlloBMT 5mths No 240 

9. RM 3 m Late BM + testes AlloBMT 3mths No 360 

10. DM 8 m Very early BM AlloBMT 4mths 180d.BM Died 

100 t----i 

90 

hI 80 

70 
1 :~EartYrelapse !I 
....... Late relapse 

-Very earty relapse 

60 

50 I 
EFS 40 

30 

20 

10 

0 
o 5 10 15 20 25 

months 

Fig. 4. Event-free survival of children with first BM relapse of ALL treated according to BFM-90 protocol 

100~'-------------------___ 

80 

60 

40 

-+-early relapse 

--late relapse 

-l!r- very early relapse 

Fig. S. Event-free survival of 20 
children with mixed first re
lapse of ALL treated accord o~------~------~------~ 

ing to BFM 90 protocol o 10 

The EFS achieved in children with mixed 
late relapses was one and half times higher 
when compared with mixed early relapses 
40.00% vs. 25.00% (p = 0.1) (Fig. 5). 

The best EFS (78%) was achieved in chil
dren with first relapse of ALL treated ac
cording to BFM-90 protocol including bone 
marrow transplantation (Fig. 6). 

20 30 

Discussion 

This report presents the results of the multi
center study and the efficacy of the BFM 
relapse protocol 1990. The trial was per
formed in years 1993-1996 in children 
with first recurrence of ALL. This study 
confirm the results of previous studies on 
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Fig. 6. Event -free survival of children with first relapse of ALL treated according to BFM -90 protocol including 
bone marrow transplantat 

children with first ALL relapses, which 
showed that these patients do not make up 
a homogenous group [9-11]. It be
came clear that children, who developed 
their relapse during initial maintenance 
treatment and up to 6 months after the end 
of therapy (early relapse) have a worse 
prognosis compared with children, who 
relapse more than 6 months after cessation 
of therapy (late relapse). EFS achieved 
in children with late relapses was higher 
when compared with early and very early 
relapses (70.55% vs. 57.47% vs. 25.33%) 
(p= 0.05). 

EFS in children with late isolated BM re
lapses was 51.20%. Others have reported 
equally bad results in similar subgroup 
[12-14]. Until recently, the outcome in these 
children was uniformly dismal, with most 
patients succumbing to progressive and re
fractory disease within 12 months from the 
time of relapse [15-18]. 

It was shown in our previous study that 
the BFM protocol produced improvement of 
EFS in children with first relapse in compar
ison with chemotherapy previously used by 
the Polish Children's Leukemia Lymphoma 
Study Group [5]. 

The best therapy for children with late re
lapses, who achieved second remission is 
still controversial [19, 21-23]. Our results 
suggest that the therapy including bone 
marrow transplantation (BMT) is better 
than standard chemotherapy for children 
with late and early relapses. 
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Conclusions 

The results obtained with BFM 90 chemo
therapy in children with first late relapse are 
acceptable. One must conclude that for chil
dren with very early and early relapses meg
achemotherapy together with BMT in sec
ond remission should be applied. The treat
ment results obtained in children with early 
relapse, although gradually improving are 
far from satisfying. New treatment strategies 
together with BMT in second remission 
must be designed for this group of children. 
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Introduction 

Therapy of acute lymphoblastic leukemia 
(ALL) is based on risk assessment at diagno
sis, so currently only those patients at high 
risk (HR) of relapse are treated aggressively 
[1,2]. 

The improved projected event-free survi
val rates observed in this group of patients 
justify the risk of this aggressive approach 
[3,4]. 

Since 1987 in several pediatric hemato
logic centres in Poland we have used a modi
fied New York protocol for treatment of 
high -risk ALL children [5]. 

In this study we report our preliminary 
results of such a treatment which was held 
on 24 HR-ALL patients in the Department of 
Pediatric Haematology and Oncology in 
Dzialdowska Street in Warsaw. 

Materials and Methods 

From May 1987 to November 1996 24 pa
tients with newly diagnosed HR-ALL were 
studied on the modified New York protocol. 
There were 16 female patient and 9 male pa
tients with median age of 7.2 years. 

The diagnosis was obtained by bone mar
row aspiration biopsy. WBC ranged from 50 
to 549 x 10 9/1. 

Surface marker analysis of bone marrow 
blasts revealed calla (+) antigen in twelve 

patients. Two children had lymphoma syn
drome,9 patients had L 1, 10 had L 2, 5 had L 
1/L2 FAB morphology. CNS involvement 
was seen in two patients and one had testicu
lar involvement. 

The method of Kaplan and Meier was 
used to construct the life time projection of 
event-free survival on data available No
vember 1996. 

Results are shown in Table 1. 
Twenty one patients achieved a bone mar

row remission. All of our patients survived 
induction but four died during consolida-

Table 1. Results ofthe New York protocol 

Patients entered 
Evaluable for induction 

ICR 
PR 
Died during induction 
Evaluable for consolidation 
Died during consolidation 

sepsis 
cerebral haemorrhage 

Lost to observation in consolidation 
Evaluble for maintenace therapy 
Relapse during maintence therapy: 

Bone marrow relapse 
CNSrelapse 

IICR 
Death in relapse 
Completed maintence 
During maintence therapy 
Alive 

inICR 
in II CR 

24 
24 
21 

3 
o 

24 
4 
2 
2 
1 

19 
3 
2 
1 
2 
1 
9 
7 

18 
16 
2 

Dept. of Pediatric Haematology and Oncology, Warsaw University Medical School, Dzialdowska, Poland 
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tion because of the toxic effects of treat
ment. Two of them had cerebral haemor
rhage due to thrombocytopenia and two 
children died because of sepsis during con
solidation caused by Staphylococcus epider
midis. 

One girl with Down's syndrome emigrat
ed from Poland and was lost to observation. 

Remission duration was, therefore evalu
ated in nineteen patients who entered main
tenance therapy. 

16 (66%) are in CCR (8 to 87 + months). 
Nine patients that completed their mainte
nance New York therapy are still in first CCR 
between 43 to 87 months. Eight of our pa
tients are still on maintenance therapy. 

In two patients remission was terminated 
by a marrow relapse 12 to 14 months from 
diagnosis. 

One patient had an isolated CNS relapse 
after 19 months on study. 

Two children who had bone marrow re
lapse achieved II CCR and one who had CNS 
relapse died; 18 patients of our group 24 HR 
ALL children are still alive. 

The event-free survival of this group is 
76%. 

Toxicity During Therapy 

Induction 

No death occurred during remission induc
tion among the 100 patients. All patients 
completed induction in a median of 34 range 
(28 to 45 days). Four patients needed more 
than a week longer than intended to com
plete induction (between 8 to 16 days). 

Six patients had a positive blood culture 
(Pseudomonas aeruginosa, Streptoccosus 
viridans, Staphylococcus epidermidis). Two 
patients had purulent skin infections due to 
Staphylococcus aureus. Two had pneumo
nia, three FUO, five had significant mucositis 
and oesophagitis. One had ilu es paralyticus, 
one had urinary tract infection. 

Granulocyte recovery to more than 
1000/ml was seen on day 17 (median) and 
platelet recovery to more than 100000 on 
day 19 (median). 

Consolidation 

Four of our 24 children died during consoli
dation (3 of them without first CR). Two of 
them had cerebral haemorrhage due to 
thrombocytopenia and two children died 
because of sepsis caused by Staphylococcus 
epidermidis. 

Five patients had mucositis, three had 
FUO, one had meningitis due to Candida, 
one had mycoplasmal pneumonia, and one 
had urinary tract infection. 

The other patients completed consolida
tion in a median of 42 days (range 30 to 66 
days). 

The lowest granulocyte number occurred 
on day 17 (median).The lowest platelet 
count was observed on day 16 (median). 

Most of the complication occurred 
between the 10th and 20th day of consolida
tion. 

Anemia, leukopenia, thrombocytopenia 
and stomatitis were observed during con
solidation therapy in most of our 24 pa
tients. 

Other consolidation toxicities included 
transient liver enzyme or bilirubin elevation 
in 2 patients. Toxic heart injury was ob
served in one child. Cushing syndrome was 
seen in 2 patients. 

Maintenance Therapy 

The maintenance therapy was generally well 
tolerated. 

Complications during maintenance in 
our 19 patients included: 2 episodes ofbac
teriemia (Klebsiella and Proteus), 4 episodes 
of fever while neutropenic, 3 pneumonia, 1 
viral meningitis, 2 otitis, 2 urinary tract in
fections, 1 infection of central venous cathe
ter (Staphylococcus aureus), 3 stomatitis 
(Candida alb.), 1 anemia; 3 of our patients 
had recurrent neutropenia after oral tiogua
nine. 

All recovered without sequelae. 

Discussion 

Intensive chemotherapy combinations have 
improved the outlook for children with 
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acute lymphoblastic leukemia who would 
have been at high risk of early relapse on for
mer therapies [3,8]. The past therapies pre
dicted EFS ofless than 50% for such a group 
of children. At the same time, protocols have 
become more complex. There are more 
short-term toxicities and increased poten
tial for delayed side-effects. The improved 
projected event-free survival rates observed 
in patients with HR ALL justify the risk of 
this aggressive approach. 

The New York I and BFM protocols yield 
EFS rates of 77 and 79% at 3 years, respec
tively, in high-risk patients [7]. 

Polish Pediatric Leukemia/Lymphoma 
Study Group (PPLLSG) have made several 
changes in the original New York 1 protocol 
[6]. 

No radiation to bulk disease in induction 
was administered. The cranial irradiation 
was delayed to consolidation. We gave L
Asparaginase 3 x 25000 jim during induc
tion,3 x 25000/m during consolidation and 
12 times during maintenance therapy. In
stead of intrathecal Mtx during induction, 
consolidation and maintenance therapy we 
administered TIT (Mtx + Ara-C +Predni
son).After the limiting dose of anthracycline 
has been reached, we gave VM-26 during 
maintenance. 

Our preliminary results based on a small 
24 patients group, are promising with an 
76% 6-year EFS. The modified New York 
protocol with its intensive induction-con
solidation and cross-resistant drugs in 
maintenance, where doses are pushed to the 
patients individual tolerance, was in general 
well tolerated. It is difficult to assess hemato
logic toxicity in our group of patients during 
induction because most of the patients be
gan with neutropenia, anemia and thrombo
cytopenia. 

Very dangerous for our patients was the 
first phase of consolidation, when severe 
complications were seen. The toxicity was 
due to prolonged periods of myelo
supression and pushes the limit of toler
ance. The incidence of bacterial and fungal 
infections was troublesome. We think that 
the use of hematopoietic growth factors 
may prove beneficial not only in reduc-
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ing periods of neutropenia and infec
tions complications but also may reduce 
the number of delays between therapy 
phases. 

Despite of all complications and toxicities 
we think the modified New York protocol is a 
promising regimen for the treatment of 
high-risk ALL patients. Our preliminary re
sults will be compared with that achieved by 
the PPLLSG. 
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Abstract 

Objective. To analyze the results of a multi
center prospective randomized protocol, 
PETHEMA ALL-93, for high-risk acute lym
phoblastic leukemia (HRALL). 

Design. Induction (5-wk): vincristine (VCR), 
prednisone, daunorubicin, asparaginase 
(ASP) and cyclophosphamide (CFM). Early 
intensification: 3 cycles of intensive chemo
therapy including VCR, dexamethasone, mi
toxantrone, high-dose ASP, CFM, high-dose 
methotrexate (MTX), high-dose cytosine ara
binoside, teniposide and mercaptopurine 
(MP). CNS prophylaxis: intrathecal MTX, cy
tarabine and DXM. Patients with a histocom
patible sibling received allogeneic bone mar
row transplantation (BMT) and the remain
ing were randomized to receive autologous 
BMT or the same chemotherapy used in the 
early intensification phase followed by main
tenance treatment (MP, MTX) up to 2 yrs. 

Parameters Analyzed. (June 1993-January 
1997). Early response to treatment, complete 
remission (CR), leukemia-free survival 
(LFS) and overall survival (OS) by intention
to-treat. 

Characterisitics of the Series. Eighty three pa
tients included, 72 evaluable patients diag
nosed with ALL (ALL 13 excluded) in 20 
Spanish hospitals. The median (range) age 
of the series was 24 (1-50) years and leuko
cyte count 30 (2-822) x 109/L.ALL 11/L2 was 
present in 23/49 patients, early pre-B in 22, 
common +pre-Bin 28 and T in 22 cases. Mye-

loid markers were present in 36 cases. Cytog
enetics (44 patients): normal 19, hypodi
ploidy 3, pseudodiploidy 22 (Ph ALL 1O). 

Response to Therapy. Early death 4 patients, 
no response 8 (11%), CR 60 (83%). Median 
LFS was 23 months, with a 3-yr probability 
of 46% (95%CI 28-74), whereas median OS 
was 24 months and 3-yr probability 47% 
(31-63%). LFS and OS for children (n = IS) 
were not significantly different than for 
adults. There were no differences in LFS for 
any postintensification type of treatment. 
Slow response to therapy (BM14 > 1O%) was 
the only feature with negative influence on 
CR (OR 30.2, 95% CI 3.6-248.8), LFS (3.3, 1.4-
8.0) and OS (2.2, 1.1-4.7). 

Conclusion. The preliminary results of 
PETHEMA ALL-93 are encouraging. Up to 
now there are no differences in LFS for 
HRALL patients treated with allogeneic 
BMT, autologous BMT and intensive chemo
therapy. Slow response to induction therapy 
is the main prognostic factor. 

Indroduction 

Recent clinical trials have shown that 65-
85% of adults with acute lymphoblastic leu
kemia (ALL) may achieve complete remis
sion (CR) using four or five cytotoxic drugs 
in the remission induction phase [ 1-10). 
However, these remissions have been disap
pointingly short, and there is agreement that 
postremission is a critical and still open is
sue in the therapy of adult ALL [11-13). The 
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Table 1. PEIHAEMA ALL-93. Inclusion criteria 

Children (age< 15 yr): One or more of the following: 
Age< 1yr 
WBC count> 100 x 10911 and I-cell phenotype 
WBC Count> 300 x 10911 
t(9;22) or bcr-abl rearrangement 
t(4;11) 
t(1;19) 

Adults (age? 15 yr). One or more of the following: 
Age 30-50yr 
WBC count >25 x 109/1 
t(9;22) or bcr-abl rearrangement 
t(4;11) 
t(ll;19) 

attempts to eliminate residual disease in CR 
patients include allogeneic or autologous 
transplantation of hematopoietic progeni
tors (THP) and intensive postremission 
therapy. Ongoing multicenter trials are cur
rently testing and comparing these three ap
proaches, especially in adult ALL patients 
with adverse prognostic factors. 

We report the preliminary results of the 
ongoing prospective multicenter random
ized trial, PETHEMA ALL-93, designed to 
evaluate and compare the results of inten
sification chemotherapy, allogeneic and au
tologous BMT in high -risk ALL patients. 

Patients and Methods 

Patients and Diagnostic Criteria 

From June 1993 to January 1997,81 previ
ously untreated ALL patients from 20 Span-

Table 2. PEIHEMA ALL 93. Chemotherapy schedule 

Phase Week Route 
no. 

Induction 
Vincristine 1-4 IV 
Daunorubicin 1-4 IV 

ish centers were prospectively included in 
the PETHEMA (Program for the Study and 
Treatment of Malignant Hemopathies, 
Spanish Society of Hematology) ALL-93 
protocol. Diagnosis of ALL was made ac
cording to morphologic (FAB classification) 
[14, 15], immunologic and cytogenetic crite
ria. Four immunologic subtypes of ALL were 
considered. For the B lineage: early pre-B 
(CDI9+, CDI0-, intracytoplasmatic Il chain 
[IlIC]-),common (CDI9+, CD20+/-, CDlO+, 
IlIC-) and pre-B (CDI9+, CD20+/-, CD 10+/
, IlIC+ ),and for the T lineage (CD7+,cCD3+, 
CD5+/-, CD2+/-, CD1+/-). The presence of 
myeloid antigens was also evaluated [16-19]. 
Cytogenetic studies were routinely per
formed (short-term culture and G-bands) 
[20]. Inclusion criteria for children and 
adults (age 15yrs) are referred in Table 1. Pa
tients with prior malignancy, previous treat
ment for ALL, ALL-L3 morphology or with 
surface membrane immunoglobulin expres
sion, cardiac, renal or liver failure not due to 
ALL or psychiatric disease or those who did 
not fulfill the inclusion criteria were exclud
ed from the protocol. Patients provided in
formed consent before entering the study. 

Treatment and Criteria for Response 

Treatment of ALL is referred in Table 2. 
Briefly, induction treatment included a 5-
week conventional therapy with vincristine, 
prednisone, L-asparaginase, daunorubicin 
and cyclophosphamide. Patients not acheiv
ing CR received the first intensification cycle 

Dose Days 

2mg 1,8,15,22 
30 mg/m2 1,8,15,22 

Prednisone 1-4 IV/PO 60 mg/m2 1-28 
5 IV/PO 30 mg/m2 29-33 
5-6 IV/PO 15 mg/m2 34-38 

L-asparaginase 3,4 IV/SC 10000IU/m2 16-20,23-27 
Cyclophosphamide 5 IV 1 000 mg/m2 36 

CNS propylaxis 
Methotrexate 1,4,7,11,15 II 15mg 1,28,49,77,105, 

21,25,29,33 175,203,231,259, 
37,41,45 287,315 
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Table 2. PETHEMA ALL 93. Chemotherapy schedule (continued) 

Phase Week Route Dose Days 
no. 

Cytosine arabinoside idem IT 30mg idem 
Hydrocortisone idem IT 20mg idem 

Early intensification-l 
IV Vmcristine 7-8 2mg 1,8 

Dexamethasone 7-8 IV/PO 20 mg/m2 1-5 
IV/PO 10m~/m2 6 
IV/PO 5mg m2 7 
IV/PO 2.5mglm2 8 

Methotrexate 7 IV 3g/m2 1 
Cytosine arabinoside 7 IV 2 glm2/12h 5 
L-asparaginase 7 IV/1M 25000IU/m2 5 
Mercaptopurine 7 PO 100 mg/m2 1-5 

Early intensification -2 
IV 2mg 1,8 Vmcristine 11-12 

Dexamethasone 11-12 IV/PO 20 mg/m2 1-5 
IV/PO lOm~/m2 6 
IV/PO 5mg m2 7 
IV/PO 2.5m¥/m2 8 

Methotrexate 11 IV 3g/m 1 
Cyclophos'phamide 11 IV 150 mg/m2 1-5 
L-asparagmase 11 IV/1M 25000IU/m2 5 
Mitoxantrone 11 IV 12 mg/m2 5 

Early intensification-3 
20mglm2 Dexamethasone 15-16 IV/PO 1-5 

IV/PO 10~m2 6 
IV/PO 5m m2 7 
IV/PO 2.5m¥/m2 8 

Cytosine arabinoside 15 IV 2g/m 112h 1-2 
Teniposide 15 IV 150 mg/m2 3-4 
L-asparaginase 15 IV/1M 25000IU/m2 5 

Delayed intensificaction-l" 
Vincristine 19-20 IV 2mg 1,8 
Dexamethasone 19-20 IV/PO 20 mg/m2 1-5 

IV/PO 10 mg/m2 6 
IV/PO 5 mg/m2 7 
IV/PO 2.5m¥/m2 8 

Methotrexate 19 IV 3g/m 1 
Cytosine arabinoside 19 IV 2 g/m2/12h 5 
L-asparaginase 19 IV/1M 2S000IU/m2 5 
Mercaptopurine 19 PO 100 mg/m2 1-5 

Delayed intensification-2" 
Vincristine 23-24 IV 2mg 1,8 
Dexamethasone 23-24 IV/PO 20 mg/m2 1-5 

IV/PO lOm~/m2 6 
IV/PO 5mg m2 7 
IV/PO 2.5m¥/m2 8 

Methotrexate 23 IV 3g1m 1 
Cyclophos'phamide 23 IV 150 mg/m2 1-5 
L-asparagmase 23 IV/1M 25000IU/m2 5 
Mitoxantrone 23 IV 12 mg/m2 5 

Delayed intensification-3" 
20 mg/m2 Dexamethasone 27-28 IV/PO 1-5 

IV/PO lOm~/m2 6 
IV/PO 5mg m2 7 
IV/PO 2.Sm¥/m2 8 

Cytosine arabinoside 27 IV 2g/m /12h 1-2 
Teniposide 27 IV IS0mglm2 3-4 
L-asparaginase 27 IV/1M 25000IU/m2 5 

Maintenance (until 
24 mo from diagnosis)" 

31-104 PO 60mglm2 Dailk! Mercaptopurme 
Methotrexate 31-104 1M ISmglm2 Wee y 

" Only for patients randomized to receive chemotherapy. 
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(see below) and if no CR was then achieved, 
they were excluded from the protocol. 

HLA study was performed to patients and 
their siblings once CR was achieved. These 
patients received three monthly cycles of ear
ly intensification chemotherapy including 
cytotoxic drugs active against ALL at inter
mediate or high-doses (Table 2). Central ner
vous system (CNS) prophylaxis consisted in 
intrathecal chemotherapy with methotrex
ate, cytosine arabinoside and hydrocortisone 
beginning during the induction phase and 
given throughout the first year of treatment 
in addition to high-dose intravenous me
thotrexate given in the first two cycles of ear
ly intensification therapy. Patients with a his
tocompatible sibling received allogeneic 
bone marrow transplantation (BMT) and the 
remaining were randomized to receive autol
ogous BMT or the same three cycles of chem-
0therapy used in the early intensification 
phase followed by conventional maintenance 
treatment (daily mercaptopurine and weekly 
methotrexate) until two years after CR 
achievement (Table 2). Randomization was 
performed after CR, when the results of the 
HLA study were known. Hematopoietic 
growth factors (G-CSF) were used after each 
intensification cycle [21]. Conditioning regi
mens for BMT consisted in cyclophospha
mide and fractioned total body irradiation 
(TBI) [22], busulfan and cyclophosphamide 
[23], or high-dose etoposide and TBI [24]. 
Methotrexate and cyclosporine were used for 
prophylaxis of GVHD in allogeneic BMT 
[25]. No additional cytotoxic or immunomo
dulatory treatment was given to patients sub
mitted to allogeneic or autologous BMT. The 
use of hospitalization, the prophylaxis and 
management of infections and the transfu
sion policy were not prescribed by the proto
col and were performed according to the spe
cific protocols of each participating hospital. 

Patients were considered to be in CR when 
all the extramedullar disease had resolved, 
the neutrophil count was higher than 1.5 x 
109/1, the platelet count was greater than 100 
x 109/1, and there were fewer than 5% blast 
cells in bone marrow examination. Two pat
terns of response were considered: slow, de
fined as the presence of peripheral blood 
blast cells (PBBC) on the 8th day of therapy 
or > 1 0% blast cells in a bone marrow aspi-
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rate performed at day 14 of treatment, and 
fast, defined as the absence of PBBC on the 
8th day and ::;;10% BM blast cells (BMBC) at 
day 14. Leukemia-free survival (LFS) was de
fined to be the time from achieving CR to re
lapse, death or date oflast follow-up. Overall 
survival (OS) was defined as the time from 
study entry to death or date oflast follow-up. 

Parameters Evaluated 

In each patient the following initial parame
ters were recorded: age, gender, lymphade
nopathy, organomegaly and mediastinal 
mass, CNS or testicular involvement at diag
nosis, Hb, WBC and platelet counts, bio
chemical parameters including liver func
tion tests (AST, ALT, alkaline phosphatase 
and gammaglutamyltranspeptidase), serum 
albumin and serum lactodehydrogenase 
(LDH) levels, as well as morphologic (ALL 
L1, ALL L2) and immunologic (early pre-B, 
common, pre-B, T and ALL with myeloid 
antigens) subtypes of ALL and results of cy
togenetic study. In addition, the pattern of 
response (slow or fast), CR attainment, LFS 
and OS were also evaluated. Analysis was 
based on all the data evaluable as of January 
31,1997 and was performed on the basis of 
intention -to-treat. 

Statistical Methods 

Descriptive statistical study (mean, stan
dard deviation, median, range) was first 
performed. Bivariant tests (Student t-test, 
Mann Whitney U-test, when appropriate) 
were used to compare quantitative variables 
and X2 or Fisher's exact test and variance 
analysis were employed to assess differenc
es in proportions. Actuarial curves for LFS 
and OS were plotted according to the Ka
plan-Meier method [26] and were com
pared by the log-rank test [27]. The statisti
cally significant (p < 0.05) variable or those 
with borderline significance (0.05 < p < 0.1) 
identified in univariate studies were includ
ed in multivariate analyses. A logistic re
gression model was used to identify predic
tive factors for CR attainment, whereas mu
tivariate analyses for LFS and OS were per-



formed using the Cox proportional hazards 
regression model [28]. In multivariate anal
yses a logarithmic transformation of WBC 
count was performed to reduce the influ
ence of extreme values. Ninety-five percent 
confidence intervals for probabilities and 
median survival times were calculated [29]. 
The significance level was fixed at p = 0.05 
and all pvalues were two sided unless other
wise stated. Statistical analyses were carried 
out using the SPSS (Statistical Package for 
Social Sciences) package, version 6.0 for 
Windows. 

Results 

Patient Accrual 

From June 1993 to January 1997 83 patients 
from 20 Spanish hospitals were entered in 
the PETHEMA LAL-93 protocol. Eleven pa
tients were excluded from the study. Causes 
of exclusion were age > 50 yrs in one case 
and no eligibility for the study (after review) 
in the remaining 10. Thus, up to now 72 pa
tients have been found eligible and evalu
able for this report. 

Patient Characteristics 

The 72 patients had a mean (SD) age of 25 
[13] years, with a median age of 24 (range 

0.1-50) years. Fifty-seven patients (79%) 
were adults and 15 children. There were 43 
men (60%) and 29 women (40%). Thirty
three patients (45%) had palpable lymphad
enopathies, 33 (46%) hepatomegaly and 38 
(54%) splenomegaly. Mediastinal mass was 
present in 10 (14%) cases. CNS disease was 
present at diagnosis in 6 cases (8%) and tes
ticular infiltration in 2 (4%). The main he
matological and biochemical characteristics 
as well as the distribution of morphologic, 
immunologic and cytogenetic subtypes of 
ALL are referred in Table 3. There was a pre
dominant L2 morphology (49 cases, 68%), 
and common+pre-B phenotype (28 cases, 
39%). Myeloid markers were present in 36 
cases. Cytogenetic study was performed in 
44 cases. Pseudo diploidy was present in 22 
cases, being Ph ALL in 10. 

Results ofTherapy 

Table 4 summarizes the main results of the 
PETHEMA ALL-93 protocol. Four patients 
died before CR could be ascertained, 8 (11 %) 
were resistant and the remaining 60 (83%) 
attained CR (55 with conventional induction 
therapy and 5 with the addition of the first 
intensification cycle). PBBC on the 8th day of 
treatment were observed in 15 out of 57 cas
es (26%) and BMBC > 10% at day 14 were 
seen in 27 out of 70 (38%). By January 31, 
1997 19 patients (32%) had relapsed (17 in 

Table 3.Main hematologic, biochemical, immunophenotypic and cytogenetic characteristics of ALL patients 

Parameter n(%) Mean (SD) Median Range 

Hemoglobin (gil) 72 (100) 93 (26) 88 35-152 
WBC count (x 109!1) 72 (100) 20 (167) 31 1-822 
Platelets (x 109!1) 72 (100) 67 (62) 39 4-279 
LDH (UIl) 69 (90) 1957 (2177) 1145 119-10037 
ALLLl 23 (32) 
ALLL2 49 (68) 
Earlypre-B 22 (31) 
Common+pre-B 28 (39) 
T 22 (30) 
Myeloid markers 36 (50) 

Cytogenetic stu~ 
Not performe Inot evaluable 28 (38) 
Normal 19 (26) 
Hypoditoidy 3 (5) 
Pseudo iploidy" 22 (31) 

a t(9;22) in 10 patients. 
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Table 4. Main results of therapy 

Patients entered 
Patients eligible 
Induction deaths 
Refractory disease 
Complete remission (CR) 
Patients with a HLA-identical sibling 
Pts randomized to intensification 
chemotherapy 
Pts randomized to autologous BMT 
Total number of relapsed patients 
Dead patients 
Alive in first continuous CR 

83 
72 

4 (6%) 
8(11%) 

60 (83%) 
22 

15 
15 
19 (32%) 
28 (39%) 
7 (51 %) 

the bone marrow, one in the CNS and one in 
the mediastinum) and 28 (39%) had died. 
Median LFS for the whole series was 23 
months, with a projected LFS of 46% at 3 yrs 
(95% CI 28-64%) (Fig. 1). The median fol
low-up of alive patients in first CR was 16 
months. In turn, 44 out of 72 patients are 
alive (37 in first CR). Median OS was 24 
months, with a 3-yr projected OS of 47% 
(95% CI 31-63%) (Fig. 1), being the median 
follow-up of alive patients 17 months. LFS 
and OS for children were not significantly 
different than those for adults. By analysis 

probability 

1 

0.6 

0.6 

based on intention -to-treat, 22 patients were 
assigned to allogeneic BMT, 15 were ran
domized to autologous BMT and 15 to inten
sification and maintenance chemotherapy. 
Up to now there are no differences in LFS 
between patients treated with intensifica
tion therapy, autologous or allogeneic BMT 
(Fig. 2). The 3-yr projected LFS were 54% 
(95%CI 24-84), 31% (95%CI 0-77%) and 
48% (95%CI 22-74%), respectively. 

Prognostic Factors 

Univariate and multivariate analyses of 
prognostic factors for CR attainment 
showed that slow response to the treatment 
(presence of >10% BMBC on the 14th day) 
was the only parameter associated with a 
lower probability of CR (Table 5). 

The results of univariate analysis of pre
dictive factors for LFS showed that the only 
variables with an unfavorable influence on 
LFS were the presence of PBBC on the 8th 

day, BMBC > 1 0% at day 14 of treatment and 
high WBC count. The Cox proportional haz
ard regression model isolated one variable 

-, 

0.4 

0.2 

0 
0 5 10 15 20 25 30 35 40 45 

months 

Fig.l. Actuarial curves of leukemia-free survival (continuous line) and overall survival (dotted line) for the 
whole series 
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Table 5. Multivariate analyses for complete remission attainment, leukemia -free survival and overall survival 

Variable and order of Beta 
entrance in the model coefficient 

CR attainment 
BMBC> 10% 14th day 3.41 

Leukemia-free survival 
BMBC>10% 14th day 1.19 

Overall survival 
BMBC> 10% 14th day 0.81 

BMBC: Bone marrow blast cells. 

associated with a shorter LFS: BMBC > 10% 
at day 14. In turn, the only variable negative
ly influencing the probability of OS in both 
uni and multivariate analyses was BMBC 
> 10% at day 14 (Table 5). 

Discussion 

The results of the PETHEMA ALL-93 proto
col confirm those of the most recent studies 
which have reported high CR rates after in
tensive induction chemotherapy in HRALL, 
with a low rate of refractory disease [1-10, 

probability 

1 

0.8 

0.6 

Odds 
ratio 95% CI P 

30.23 3.6-248.8 0.002 

3.31 1.37-8.Q3 0.008 

2.24 1.07-4.73 0.03 

30-37]. The high CR rate (83%) in this study 
was mainly due to the combination of vin
cristine, prednisone, daunorubicin and 
asparaginase, whereas the influence of cy
clophosphamide was minimal due to the fact 
that it was administered in the fifth week of 
induction therapy. 

There is little doubt about the benefit of 
postremission therapy in ALL. However, the 
optimal postremission regimen remains un
certain [11-13]. The most widely used for 
HRALL patients is multiagent chemothera
py with cytotoxic drugs active against ALL at 
intermediate or high doses given in con-

~-------~----------------------

0.4 

0.2 

0 +----,----,----,----.-----.----.----.----.----.-
o 5 10 15 20 25 30 35 40 45 

months 

Fig.2. Leukemia-free survival actuarial curves for CR patients randomized to receive delayed intensification 
therapy (continuous line), autologous BMT (dotted line) and allogeneic BMT (thick line) 
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junction with the drugs used in the remis
sion induction period. Similar to other re
ports [4,9], high-dose methotrexate, cyto
sine arabinoside and L-asparaginase, com
bined with mercaptopurine, dexametha
sone, vincristine and daunorubicin or mi
toxantrone have been employed in our 
study. 

The main goal of this ongoing prospective 
and randomized study was to compare the 
usefulness of delayed intensification thera
py, allogeneic and autologous BMT in 
HRALL patients. Patients included in this 
trial presented the most common features 
defining HRALL. For children, age < 1 yr, hy
perleukocytosis and cytogenetic abnormal
ities associated to bad prognosis; for adults, 
advanced age, high WBC counts, chromo
somic translocations carrying unfavorable 
prognosis and the presence of myeloid 
markers. The inclusion of the latter feature 
was based on our previous experience [16], 
but it may be questionnable since in recent 
large studies the presence of myeloid mark
ers has not been associated to bad prognosis 
[17-19]. Patients with ALL-L3 were excluded 
from this protocol because of the improve
ment observed in these patients with the use 
of specific therapeutic trials [38,39]. 

To answer the question regarding the best 
postremission treatment several options 
shoud be compared in a prospective, ran
domized study. There are three possible 
types of early post remission therapy. First, 
the administration of improved multiagent 
chemotherapy; second, allogeneic THP ei
ther from related or unrelated donors [40-
42]; and third, autologous THP [43]. The 
prospective randomized study of the French 
BGMT group compared allogeneic and au
tologous BMT performed early after an in
duction chemotherapy based on Berlin
Frankfurt -Mi.inster (BFM) protocols [44]. 
They found allogeneic BMT significantly 
more effective than autologous BMT. In ad
dition, the use of interleukin-2 after autolo
gous BMT did not decrease the relapse rate. 
However, another multicenter prospective 
French study (LALA87) did not find differ
ences in disease-free survival between allog
eneic, autologous and chemotherapy arms 
[5]. Several retrospective studies have 
shown better results with autologous BMT 
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than those reported by the French BGMT 
group [45] and, in fact, the overall results of 
allogeneic and autologous BMT have im
proved over time [46]. Furthermore, the 
similar results of autologous BMT with re
spect to those of allogeneic BMT recently re
ported by the GMALL group [47] are en
couraging and, consequently, this therapy 
deserves further evaluation. Recently, sever
al multicenter trials testing the aforemen
tioned three approaches of postremission 
therapy have been initiated, but the results 
are still pending, due to the large number of 
patients required in each arm. Interpreta
tion of the results of such trials could be dif
ficult due to the fact that there is a tendency 
to treat the different clinicobiologic sub
types of ALL differently. For example, ALL 
L3 is currently treated with specific proto
cols [38, 39] and the results for patients 
transplanted in first CR require comparison 
with modern dose-intensive regimens [48]. 
T -ALL is the subtype with the best prognosis 
in patients treated with chemotherapy and 
the inclusion of these patients (at least those 
oflate stage T-ALL) in these types of trials 
could be questionnable. On the contrary, the 
results of chemotherapy in Philadelphia
positive ALL (Ph ALL) are disappointingly 
bad and there is little doubt about the better 
value of allogeneic TPH over intensification 
chemotherapy in this ALL subtype [49-52]. 
It has been recently suggested that the pres
ence of additional chromosome abnormal
ities in adult patients with Ph ALL may have 
unfavorable prognostic significance [53]. 

The results of our study are preliminary, 
due to the low number of evaluable patients 
and their short follow-up. Based on inten
tion -to-treat analysis, no postremission arm 
has proved to be better than the other. The 
increase in the number of patients and their 
longer follow up will allow the results of pa
tients treated with each specific arm to be 
analyzed as well as subgroups of HRALL 
such as Ph ALL to be studied. 

The only prognostic factor isolated in this 
trial was the slow reponse to treatment, de
fined as the presence of > 10% BMBC at day 
14 of treatment. The effect of high WBC 
counts on LFS has only been evident in uni
variate analysis. On the other hand, no dif
ferences in prognosis were found between 



children and adults. This fact can be ex
plained because only children with very 
high-risk ALL have been included, and, on 
the other hand, adults over 50 yrs (the sub
group with the worst prognosis, with < 10% 
oflong-term survivors [54]) have not been 
entered in this protocol. The speed of re
sponse to therapy influenced CR attainment, 
LFS and OS [SS,S6].BMBConthe 14th day of 
induction treatment was superior to the 
presence of PBBC at day 8 to predict treat
ment failures as can be inferred from the re
sults of multivariate analyses. 

In conclusion, the preliminary results of 
the PETHEMA ALL-93 trial for HRALL pa
tients are encouraging. Up to now, there are 
no differences in LFS for patients treated 
with intensive chemotherapy, allogeneic or 
autologous BMT, but a higher number of pa
tients and a longer follow-up are needed to 
confirm these results. Slow response to in
duction treatment is the only adverse prog
nostic factor. 
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Idarubicin and Ifosfamide in the Treatment of Refractory and Relapsed 
Acute Lymphoblastic Leukemia 

x. THOMAS 1 ,F. BAUDUER2,A. THIEBAUT 1 ,A. BRION3, F. MALOISEL 4, P. FENAUXs, J. F. ROSSI6, 

C. DANAILA I, E. ARCHIMBAUDI, and D. FIERE 1 

Abstract. 22 adult patients with relapsed ALL 
and 2 with refractory ALL were treated in a 
cooperative trial with an association of ida
rubicin, ifosfamide, and dexamethasone. 
Complete remission was achieved in 7 re
lapsed patients (29%, 95% confidence inter
val, [CI] 13% - 51%). Twelve patients (50%) 
did not respond to treatment and 5 (21 %) 
died during induction. All of the patients ex
perienced profound myelosuppression. Me
dian time to recovery of neutrophils > 0.5 X 

109/1 was 28 dars (range 17-52), and of plate
lets> 50 x 10/1 21 days (range 13-58). Al
though gastrointestinal toxicity was common 
(12%), no patient developed severe cardiac, 
hepatic, or renal complications. Sepsis was 
documented in 19 cases, of which 4 developed 
fatal infectious disease. One patient died from 
complications of central nervous system in
volvement. Median time to CR was 38 days. 
We conclude that our schedule combining id
arubicin, ifosfamide and dexamethasone has 
an acceptable toxicity in adult ALL. However, 
a more intensive form of therapy appears 
warranted for pts with poor prognosis ALL. 

Introduction 

Despite substantial progress in the treat
ment of acute lymphoblastic leukemia 

1 H6pital E. Herriot, Lyon 
2 Centre Hospitalier C6te Basque, Bayonne 
3 H6pital J. Minjoz, Besan<;on 
4 H6pital de Hautepierre, Strasbourg 
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6 H6pital Lapeyronie, Montpellier, France 
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(ALL), only 20% to 35% of adults treated 
with chemotherapy alone are long-terms 
leukemia -free survivors [1, 2, 3]. Patients 
who relapse or are resistant to remission in
duction generally have a poor prognosis [4]. 
New drugs or alternative schedules includ
ing conventional agents given alone or in 
combination, and at different dosages, have 
been employed as induction therapy to in
crease complete remission (CR) and dis
ease-free survival (DFS) rates in these pa
tients. Of the newer anthracyclines, idarubi
cin has shown substantial antileukemic ef
fect, and less cardiotoxicity than conven
tional anthracyclines [5]. Furthermore, a po
tential advantage for its effectiveness is that 
its breakdown product idarubicinol reaches 
measurable levels in the central nervous 
system (CNS). Ifosfamide, an alkylating 
agent,has exhibited remission induction po
tential at least comparable to that of cyclo
phosphamide [6], and is now included in 
highly effective B-ALL regimens. Dexameth
asone is used in VAD chemotherapy that has 
allowed complete responses in lymphoid 
blast crisis of chronic myeloid leukemia [7] 
and in refractory ALL [8]. 

We summarize here our experience with 
idarubicin, ifosphamide and dexametha
sone combination chemotherapy III re
lapsed and refractory ALL. 



Material and Methods 

Patient Selection 

Twenty-four adult patients aged more than 
15 years with relapsed (16 first relapses and 
6 second relapses) or refractory (2 patients) 
ALL were treated in this cooperative trial. 
The median of first CR was 6.5 months (
range, 0 to 36 months). Only patients with a 
performance status of 2 or less and no grade 
> 2 organ failure according to the World 
Health Organization (WHO) grading 
system could enter the study. Diagnosis of 
ALL was established on the basis of morpho
logic, cytochemical, and immunologic stud
ies. ALL was classified morphologically into 
3 groups according to the French-American
British (FAB) criteria [9]. Studies of cell-sur
face markers were available for all patients. 
Cytogenetic study was available in 22 pa
tients. 

Treatment Regimen 

The induction phase included idarubicin, 10 
mg/m2/dayon day l,day 3 and day 5,ifosfa
mide,2 g/m2/day from day 1 to day 5, and 
dexamethasone, 40 mg/day from day 1 to 
day 5. In case of persistance of blast cells on 
day 14 bone marrow (BM) aspirate, patients 
who did not experience major complica
tions during aplasia received a fourth infu
sion of idarubicin (l0 mg/m2) at day 14. All 
patients received gastrointestinal decon
tamination and prophylactic red blood cell 
and platelet transfusions. Broad spectrum 
empirical antibiotherapy was initiated as 
soon as the patient became febrile. CNS pro
phylaxis was left to center decision. Consoli
dation therapy consisted in one or two 
courses of chemotherapy combining idaru
bicin 10 mg/m2 on day 1, ifosfamide 2 g/m2 
on day 1, and dexamethasone 40 mg/day 
from day 1 to day 3. Two patients who had a 
suitable familial donor received allogeneic 
bone marrow transplantation (BMT) after 
induction therapy. One patient received au
tologous BMT. 

Response Criteria 

To assess response to therapy, bone marrow 
aspirations were made on day 14 and around 
day 28 of induction therapy. Patients were 
considered to be in CR if they had less than 
5% leukemic blast cells in BM aspirate at 
time of evaluation, no symptoms or physical 
findings suggestive of leukemia, and normal 
blood cell counts [10]. 

Statistical Methods 

95% confidence intervals on proportions of 
CR patients and toxic deaths were calculated 
using the exact binomial formula. Overall 
survival and DFS were estimated by the Ka
plan-Meier method. Patients undergoing 
BMT while in CR were conventionally cen
sored at the time of grafting. 

Results 

Patient Population 

Main clinical and laboratory characteristics 
of patients at diagnosis are shown in Table 1. 
The 24 patients ranged in age from 17 to 66 
years (median age, 48 years). Fourteen pa
tients (58%) were of male and 10 (42%) were 
of female sex. Initial median WBC count was 
3.4 x 109/1 (range, 0.4 to 78.4 x 109/1), median 
granulocyte percentage 32% (range, 0 to 
74%), and median peripheral blood (PB) 
blast percentage 15% (range, 0 to 97%). 
Twenty-two patients could be classified ac
cording to FAB criteria. Fifteen of these pa
tients were 11, and 8 were L2. Immunopheno
typic analysis was available in all cases. Twen
ty patients were diagnosed as B-celliineage 
ALL, and 4 as T-cell lineage ALL. Karyotypes 
were analyzable in 22 cases. Among them, no 
abnormality was seen in 5 cases, while 6 pa
tients presented with Ph+ chromosome. 

Treatment Effectively Received and Efficacy of 
Therapy 

All patients received the full dose of cytotox
ic agents involved in the induction course. 
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Table 1. Clinical and laboratory characteristics of the 24 patients 

Characteristics 

Age (years) 
Sex (male/female) 
Hepatomegaly (yes/no) 
Splenomegaly (yes/no) 
Superficial adenopathy (yes/no) 
Mediastinal adenopathy (yes/no) 
CNS involvement (yes/no) 
White blood cell count (x 109/1) 
Peripheral blood granulocytes (%) 
Peripheral blood blast cells (%) 
Bone marrow blast cells (%) 
FAB classification 11 

L2 
unclassified 

Immunophenotype B-celllineage 
T -cell lineage 

Karyotype normal 
(in 22 cases) monosomy 5 or 7 

t(4; 11) 

LDH (Il/l) 

Ph chromosome 
other translocation 

"Values are median (range) 

Seven patients (29%, 95% CI l3-51%) 
achieved CR: 7 of the 22 relapsed patients 
and none of the 2 refractory patients. Twelve 
patients (50%) did not respond to treat
ment and 5 (21 %) died during induction, of 
whom one died from complications of 
CNS involvement. Six of the 20 pts with 
B-celliineage ALL and 1 of the 4 with T-cell 
lineage ALL responded. Only 1 of the 6 
patients with Ph+ chromosome responded. 
Fifteen patients (62%) presented blast 
cells on day 14 BM aspirate. Among them, 
only 8 patients received an extra dose of 
idarubicine on day 14. The reasons for 
non receiving idarubicin in 7 cases were 
a WHO grade 3 performance status or to
xicity. The median time to CR was 38 days 
(range, 27 to 58 days). Five of the 7 patients 
who achieved CR received consolidation 
therapy: 2 underwent allogeneic bone mar
row transplant (BMT), 1 autologous BMT, 
and 2 consolidation chemotherapy. Two pa
tients did not receive any consolidation ther
apy because of a WHO grade 3 performance 
status after induction. Median DFS was 12 
months. Four patients relapsed at a median 
time of 5 months (range 1 to 13 months), and 
1 patient died while in CR. Median overall 
survival for the entire cohort was 4 months. 
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Toxicity 

48 (17-66)" 
14110 
1/23 
2/22 
4/20 
1/23 
3121 

3.4 (0.4-78.4) 
32 (0-74) 
15 (0-97) 

91 (22-100) 
15124 
8/24 
1/24 
20 
4 
5 
2 
1 
6 
8 

1023 (229-5870) 

Chemotherapy-related toxicity was mainly 
hematologic. All of the patients experienced 
profound myelosuppression. Median time to 
granulocyte recovery to > 0.5 X 109/1 was 28 
days (range 17-52 days). Median time to 
thrombocyte recovery to 50 x 109/1 was 21 
days (range l3-58 days). Sepsis was docu
mented in 19 cases, of which 4 developed fa
tal infectious disease (toxic deaths during in
duction therapy, 16%,95% CI 5-37%). Only 5 
patients (21 %) completed induction without 
becoming febrile. Severe gastrointestinal 
toxicity (grade 3 or more) occurred in 3 pa
tients (12%). No patient developed severe 
cardiac, hepatic, or renal complications. Four 
patients (16%) developed neurotoxicity 
(grade 3 or more): 2 developed fungal CNS 
infections, 1 had optic neuropathy related to 
therapy and 1 had subdural hemorrhage. 

Discussion 

The prognosis of refractory and relapsing 
adult ALL is generally considered to be poor. 
There are few therapeutic experiences based 
on small and heterogeneous patient popula-



tions (reviewed by Welborn [4]). A second 
complete response occurred generally in 25 
to 50% of patients with a median DFS ofless 
than 6 months. In that field, new therapeutic 
agents and new drug combinations must be 
employed with the aim of overcoming drug 
resistance. In the present study, the idarubi
cin, ifosfamide, and dexamethasone combi
nation showed antileukemic efficacy with a 
CR rate of 29%. The predominent side effect 
was profound myelosuppression, which 
caused 4 fatal infections. However, hemato
logic toxicity remained easily manageable, 
and extra-hematologic toxicity was accept
able. 

In refractory or relapsed ALL, the most 
encouraging CR rates were achieved with 
high-dose cytarabine [4], and second line 
treatments are often compared to these regi
mens. Regarding CR rate, our results are low
er than most earlier reports, but all series in
cluded only a small number of patients and 
most of them have excluded patients with 
Ph-positive ALL. However, our trial com
pared more favorably regarding treatment 
toxicity and DFS since Welborn [4] reported 
an average treatment related mortality of 
15%, and an average median DFS of 4.2 
months. 

There were also differences when com
paring our results to those of trials using 
similar drugs. We did not confirm the previ
ous very encouraging study combining ifos
famide and an anthracycline. Indeed, the 
combination of ifosfamide and doxorubicin 
yielded a CR rate of 89% in 9 patients with 
minimal toxicity [11]. Our results were clos
er to those from a study using ifosfamide 
alone at 1200 mg/m2/day for 5 days that re
ported 33% of CR [6]. More recently, a phase 
II study combining ifosfamide with etopo
side and mitoxantrone has reported 73% of 
complete responses [12], but only 11 pa
tients were included in the study of whom 
only 1 was Ph-positive. Idarubicin has been 
used mainly in relapsed ALL in 2 studies 
combining it with high-doses cytarabine 
[13, 14]. They reported respectively 54 and 
64% of CR with 15 and 8% of toxic deaths 
during induction. 

Despite heterogeneous results regarding 
CR rates probably related to the small num
ber of patients in published series and to the 

degre of selection of treated patients, the 
major problem in relapsing ALL remains the 
limited duration of DFS. There is no study 
with markedly different results in this re
spect. We conclude that our schedule com
bining idarubicin, ifosfamide and dexa
methasone has a certain effect on relapsed 
adult ALL and an acceptable toxicity. How
ever, a more intensive form of therapy is 
warranted for patients with poor prognosis 
ALL. 
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Philadelphia Positive Adult ALL 

Introduction 

About 20-25% of adult patients with acute 
lymphoblastic leukemia (ALL) present with 
a Philadelphia chromosome t(9;22) as 
cytogenetic marker and/or on a molecular 
level with the corresponding BCR-ABL
rearrangement [1-4]. The proportion of 
ALL-patients with Ph+/BCR-ABL+ ALL 
increases with age. The median age of pa
tients with BCR-ABL+ ALL in the German 
multicenter adult ALL (GMALL) trials is 45 
years [4]. 

Results of Chemotherapy in BCR-ABL -Positive ALL 

With recent intensive induction regimens 
relative high complete remission rates of ap
proximately 70% as defined with conven
tional morphological criteria can be 
achieved. The prognosis of these patients af
ter intensive conventional chemotherapy re
mains extremely poor. Long-term survival 
ranges between 0-10% [4]. Attempts to im
prove the results, such as intensification of 
chemotherapy by high-dose treatment with 
high-dose AraC (HdAraC), high-dose me
thotrexate (HdMTX) resulted in only minor 
improvements. 

Minimal Residual Disease After Induction/ 
Consolidation Chemotherapy 

Residual BCR-ABL+ cells can be detected in 
bone marrow and in peripheral blood sam
ples by RT -PCR with a high sensitivity of ap
proximately 1:106 [5-6]. In our experience 
residual BCR-ABL+ cells were detectable by 
RT-PCR in remission marrow samples from 
a1l21 patients tested so far. By semiquantita
tive RT -PCR we found a median titer of 4 log 
above limit of detection after induction 
and/or consolidation therapy [6]. 

Allogeneic BMT in BCR-ABL + ALL 

The best outcome is achieved in patients re
ceiving an allogeneic bone marrow trans
plant [7-12]. The group from Stanford 
achieved a 46% event-free survival after al
logeneic BMT in first complete remission 
and 28% for BMT in CR 2 [12]. The Interna
tional Bone Marrow Transplant Registry 
(IBMTR) reported a retrospective analysis 
with an event-free survival of> 38% after 2 
years [10]. Thus, at present, allogeneic BMT 
is accepted as the best first line therapy in pa
tients with an HLA-identical family donor. 

Unrelated Donor Transplants 

Patients without a matched family donor 

1 Medizinische Klinik III, Klinikum der Johann Wolfgang Goethe Universitat Frankfurt, Frankfurt, Germany 
2 Robert Rossle-Klinik, UK RudolfVirchow, Berlin, Germany 
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may receive an autologous marrow or stem 
cell graft, or they are candidates for a 
matched unrelated donor (MUD) trans
plant. The priorities of these options have 
not yet been established. Data on long term 
results after autologous or MUD transplants 
in BCR-ABL-positive ALL are limited. One 
series including 12 children transplanted 
from unrelated donors has been presented 
[13] with a DFS of 68%. 

These encouraging results, however, will 
certainly not translate to patients with a me
dian age of 45 years. In addition, since re
lapse occur early in BCR-ABL-positive ALL
patients this might reflect a patient selec
tion. In contrary the positive results could 
lead to the hypothesis that in unrelated BMT 
in BCR-ABL positive ALL patients a graft 
versus leukemia effect - otherwise not or 
only marginally seen in other ALL subtypes 
- might playa decisive role. 

Autologous Transplantation in BCR-ABL + ALL 

Due to the higher age of patients with BCR
ABL-positive ALL, the still limited availabil
ity of a matched unrelated donor and the 
time required to complete a search, a major
ity of BCR-ABL-positive ALL patients re
main candidates for autologous transplants. 
Some groups reported small autotransplant 
series including 1 to 11 patients [8,9,14,15]. 
The event-free survival (weighted mean) of 
all 36 patients reported by these authors was 
31 %. A series of 25 patients diagnosed and 
initially treated according to GMALL proto
cols have been autografted in Frankfurt or 
cooperating BMT centers [16]. More de
tailed results from the GMALL series are as 
follows: 

Purging of Bone Marrow Autografts. The ra
tionale for in vitro purging is based on the 
relatively high titer of residual BCR-ABL
positive cells as monitored by semiquantita
tive RT-PCR. The median titer in autologous 
bone marrow grafts was 410g above the lim
it of detection. Purging using a cocktail of 
CDI0, CD19 and AB4 monoclonal antibod
ies and two cycles of immunomagnetic 
beads depleted median 3 log of BCR-ABL+ 
cells from autologous bone marrow grafts. 
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None of the purged BM -grafts, however, was 
completely PCR-negative [6]. 

Peripheral Blood Stem Cells (PBS C) for Trans
plantation. After high dose-AraC/mitoxan
trone (part 2 of induction therapy in of the 
GMALL 05/93 high-risk protocol) median 9 
(range 0.8-23) x 106/kg CD34+ cells can be 
collected by one leukaphereses [17]. In non
mobilized peripheral blood samples 1-2 log 
(median 1.7) less residual BCR-ABL+ cells 
were found compared to control bone mar
row samples (n = 6) [18]. The median RT
PCR titer in leukapheresis-derived auto
grafts (n = 8) was median 2 log below the 
median titer of to BM-autografts (n = 14). In 
most patients it is not feasible to further re
duce residual BCR-ABL-positive cells in 
PBSC-autografts by "in vivo purging" using 
additional chemotherapy since the yield of 
CD34+ cells declines rapidly after subse
quent cycles [17]. However, immunomag
netic bead purging yielded completely BCR
ABL-negative PBSC-grafts in 4 of 8 patients 
[17]. 

Outcome After ABMT in BCR-ABL + ALL. The 
event-free survival after ABMT in first CR 
was about 30% after > 2 years, whereas all 
patients autografted beyond CRI relapsed 
within 6 months [16]. Thus relapse remains 
the most frequent adverse event. 

Future Aspects 

At least in a proportion of patients it is pos
sible to achieve apparently BCR-ABL-nega
tive PBSC auto grafts by in vitro purging. 
However, relapse after transplantation re
mains the major cause of treatment failure. 
It is likely that relapses originate from leu
kemic cells resisting the conditioning regi
men in vivo. After collection and purging of 
auto grafts these cells might be eliminated by 
further escalating the cumulative dose of in 
vivo therapy. One option of further intensifi
cation is to sequentially apply cycles of 
myeloablative high-dose therapy with sub
sequent stem cell transplantation. Sequen
tial autotransplant protocols have already 
been pioneered in patients with multiple 
myeloma, metastatic breast cancer and 



small cell lung cancer. In patients with mul
tiple myeloma "tandem" -auto grafts with 
conditioning protocols using high-dose 
melphalan followed by TBI + melphalan are 
feasible with acceptable toxicity. 

A double autograft protocol is now pro
posed for patients with BeR-ABL-positive 
ALL. This intensified autograft protocol is il
lustrated in Fig. 1. Patients with age < 60 
years, WHO-performance status::::; 2 and 
complete or partial morphological remis
sion after the first cycle of induction therapy 
(vincristine, prednisone, daunorubicin, 
asparaginase) arc eligible. 

Transplantation is scheduled in first com
plete remission. Within 3 months patients 
with age < 45 years may opt for a MUD trans
plant. Thus HLA-typing of the patient, his 
siblings and eventually the search for an un
related donor are initiated as soon as pos
sible. Unless an allogeneic/MUD transplant is 
definitively scheduled, patients are treated 
according to the double autograft protocol. 
Peripheral stem cells are collected after the 
second cycle of induction therapy (HdA
raC/Mitox.), since mobilization is likely to be 
impaired after subsequent chemotherapy. At 
least 4 x 106 CD34+ cells/kg should be collect
ed to enable 2 successive transplants. The au
tografts are purged in vitro using immunom
agnetic beads. Subsequently the patients re
ceive consolidation chemotherapy with HD
MTX according to the GMALL protocol while 
PBSCT is scheduled. The first conditioning 
regimen includes thiotepa and melphalan. 
This combination is expected to provide anti
leukemic efficiency with low pulmonary and 
hepatic toxicity. The second conditioning 
regimen consists of hyperfractionated total 
body irradiation (TBI) and etoposide (VP-
16), as used previously in single transplant 
patients. Eight weeks after the second trans
plant patients receive maintenance therapy 
with 6-MP/MTX based on the beneficial ex
perience by the Royal Marsden Group [15]. 

Preliminary Results After Double Autograft
ing. Four patients have completed this dou
ble autograft protocol. Hematopoietic re
covery was rapid in all cases. The most 
prominent toxicity was prolonged muco
sitis. No further unexpected toxicity and no 
mortality was seen so far. Longer follow-up 

Induction I V,P,D,A (week I -4) 

Induction II HdAraC 2 x 3 g/m' x 4 d 
Mobilization Mitox. 10 mg/m2 x 3 d 

... G-CSF 10 Ilg/d 

Leukaphereses > 4x I (1i CD 34+cells 
Purging CDIO + CDI9 MoAbs + 

... immunomagnetic Beads 

Consolidation HD-MTXx2 

... 
Conditioning I Thiotepa 600 mg/m2 

Melphalan 140 mg/m2 
PBSCT-I >2xl(1iCD34+ 

... 8 weeks 

Conditioning II fTBII4,4Gy 
VP-16 45 mglkg 

PBSCT-2 >2x I(1iCD34+ 

• Maintenance 6-MPIMTX 

Fig. 1. Double autografting protocol for patients with 
BCR-ABL-positive ALL 

and more patients are needed to conclude on 
event-free survival. 

Ph+/BCR-ABL+ ALL is a subtype in 
which unfortunately so far - at least by 
chemotherapy - no progress in outcome 
could be achieved. In contrary in adult ALL 
patients with translocation t(4;11) results 
apparently seem to be improvable by inclu
sion of high dose chemotherapy. 

Translocation t(4;11) in Adult ALL 

Introduction 

The translocation t(4;11} (q21;q23) is beside 
t(9;22} the most frequent specific transloca
tion in ALL and occurs in approximately 2-
5% of all childhood ALL with a peak (42-
66%) in infant ALL [19]. In adult ALL the in
cidence of t( 4; II} is slightly higher compared 
to childhood ALL and ranges between 3-6%. 

t(4;11} identifies a subset of ALL with 
characteristic features such as hyperleuko
cytosis, young age, female predominance, 
high incidence of initial CNS involvement, 
organ involvement, early pre-B phenotype 
and lineage heterogeneity [19-22]. 

773 



Molecular Genetics 

t(4;11) (q21;q23) is the most frequent form 
of 11 q23 abnormalities in ALL. The involved 
gene on chromosome 11 was cloned and 
named MLL gene for mixed lineage leuke
mia [23]. Synonyms are ALL-I, HRX and 
HTRXI. Various breakpoints occur and re
sult in the generation of a series of chimeric 
proteins that are thought to play a crucial 
role in leukemogenesis. In t( 4;11) transloca
tions the MLL gene is fused to a gene located 
on chromosome 4 which is named AF-4 
(also referred to as FEL). So far little is 
known about the role of the MLL gene in 
normal hematopoiesis and the role of MLL 
fusions genes in leukemic transformation. 
Interestingly, the molecular breakpoints of 
11q23 are similar in ALL and AML. This 
finding suggests that MLL gene plays a regu
latory role in both lineages [19,20]. 

A great variety of heterogeneous fusion 
transcripts results from alternative splicing 
events and differential exon usage from the 
MLL and AF4 gene. It has been speculated 
that differential fusions genes might be cor
related with prognosis. Seven of 13 adult pa
tients with HRX (MLL) rearrangements 
showed HRX exon 6 fusions compared to 1 of 
4 infants. HRX exon 7 fusions were more 
common in infant ALL (3 of 4) compared to 
adults (6 of 13). In a literature review these 
results appeared to be confirmed since in a 
total of 30 infants exon 6 was involved in 23% 
compared to 52% in adults [24]. The question 
whether those differences can be confirmed 
in larger patient numbers and may be asso
ciated with different prognosis in infant and 
adult ALL requires further investigation. 

Immunophenotype 

Although some reported cases of t(4;11) 
ALL expressed myelomonocytic character
istics or mixed-lineage markers most pa
tients 71 % (50-94%) show early B-precursor 
phenotype (Table 1). 

In earlier studies the term Null-ALL re
ferred to a heterogenous group ofCDI0 neg
ative B-lineage leukemias without expres
sion of further differentiation markers. In 
more recent trials a relatively homogenous 
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Table 1. Incidence of Pre-pre-B phenotype in ALL 
with t(4;1l)IHRX-rearrangement 

HRX Pre-pre B 
rearrangement 
ort(4;1l) or Null ALL 

Pui1991 [25] 33 
Cimino 1995 [26] 25 
Charrin 1996 [22] 16 
Seeker-Walker 1997 [21]10 

Weighted mean 84 

26 (79%) 
14(56%) 
15 (94%) 
5 (50%) 

71% 

definition had been applied to identify early 
B-precursor ALL (also referred to as pre
pre-B-ALL, B-1, pro-B-ALL, early B-ALL). It 
is generally characterised by the expression 
for HLA-DR and CDl9 and the lack of CD 1 O. 
The EGIL group has recently proposed an 
uniform definition for immunologic sub
types of ALL. Pre-pre-B-ALL was named B-1 
(pro-B) ALL and defined by the expression 
of at least two of early B-Cell markers (CD 19, 
CD79a or CD22) without expression of fur
ther differentiation antigens [27]. 

It became evident that pre-pre B-ALL oc
curs more frequently in adult ALL (11-12%) 
compared to childhood ALL (5-6%) [28-30] 
and the incidence is highest in infant ALL 
(43%) [28]. 

Pre-pre B-ALL is associated with a high 
incidence of HRX rearrangements and of 
myeloid coexpression (50%) compared oth
er immunophenotypic subgroups in chil
dren (10%) and adults (20%) [31]. The most 
commonly expressed myeloid antigens are 
CD15 and CDw65 whereas the latter may be 
a more discriminative marker. Thus a com
bination of pre-pre-B-ALL with coexpres
sion of CDw65 is highly predictive for t( 4; 11) 
or an HRX rearrangement [24]. 

Molecular Markers for Detection of MRD in t(4;11) 
Positive ALL 

Recently, reverse transcriptase chain reac
tion (RT-PCR) assays have been developed 
for the comfortable identification of chimer
ic m-RNA (HRX-FEL or ALL-lIAF4) result
ing from t( 4; 11) with a sensitivity of 1 in 105 
cells. The RT-PCR assay is successful in de
tection approximately 90% of MLL rear
rangements. 



Althogether there is a good correlation 
between t(4;11) detected by conventional cy
togenetics and MLL rearrangement. In the 
great majority of patients with t( 4;11) an MLL 
rearrangement can be detected by PCR (Table 
2). It fails however to detect fusion genes in 
unusual translocations t(4;11) [32]. These 
cases can only be identified by Southern blot
ting with a far lower sensitivity of about 1 in 
100 cell arrangements (reviewed in [20]). 

Table 2. Correlation of t(4;1l) and MLL rearrange
ments 

Author t( 4;11) MLL rearrangement 

Hilden 1995 [32] 8 
Behm 1996 [33] 181 

Griesinger 1996 [24] 13 

62 (75%) 
18 (100%) 
13 (100%) 

1 Including t(4;11, t(9;11), t(11;19). 
2 MLL not detected in 2 patients with unusual 

t(4;1l). 

Screening for l1q23 abnormalities with PCR 
leads to the identification of a considerable 
number of additional positive cases. Thus in 
infant ALL PCR screening boosts the fre
quency of l1q23 aberrations to 70-80% [19-
20] including many cases that have not been 
detected cytogenetically. 

Only preliminary results are available for 
monitoring of HRX rearrangement for de-

Table 3. Detection of MRD in t( 4; 11) positive ALL 

Janssen 1994 [34] 
Cimino 1996 [35] 
Ida 1997 [36] 

18 
12 
3 

CCR 

7 
5 
2 

tection of minimal disease (MRD). So for 
there is a good correlation between the lack 
of MRD and continuous complete remis
sion. All investigated patients in CCR were 
MRD negative whereas in relapsed or resist
ant cases the rearrangement was consistent
ly present (Table 3). This is in contrast to 
MRD monitoring in other subtypes where in 
a considerable number of patients MRD was 
present despite continuous CR or in few pa
tients relapses occurred in MRD negative 
patients. The findings in t( 4; 11) positive ALL 
have, however, to be confirmed in prospec
tive studies of greater patient numbers. 

Outcome in Patients with t(4;11 )/MLL 
Rearrangements 

The close relationship between t(4;11),MLL
rearrangements and the immature pre-pre
B ALL subtype correlates with similarly poor 
results for both entities. The first reports on 
outcome in t(4;11) positive ALL revealed ex
tremely poor results [1] (Table 4). t(4;11) is 
the major factor accounting for the poor out
come in infant ALL [19]. 

MLL rearrangements as well proved to ex
ert a strong negative prognostic impact. In 5 
studies reviewed by Rubnitz the EFS was 9-
19% in children with MLL rearrangement 

MRD+ 

o 
o 
o 

Rel./Res. 

n.r. 
7 
1 

MRD+ 

n.r. 
7 
1 

Table 4. Outcome in ALL with t(4;11)/MLL rearrangement 

Author Patients N Aberration Survival/CCR 

Bloomfield 1986 [1] Children 9 t(4;1l) 0 
Pui 1991 [25] Children 40 t(4;1l) 16 (40%) 
Janssen 1994 [34] Children 4 ALL-lIAF4 2 (50%) 
Cimino 1996 [35] Infants 7 ALL-lIAF4 3(43%) 
Bloomfield 1986 [1] Adults 9 t(4;1l) 0 
Schardt 1992 [37] Adults 5 t(4;1l) 0 
Janssen 1994 [34] Adults 16 ALL-lIAF4 7 (44%) 
Schoch 1995 [38] Adults 23 t(4;1l) 9 (39%) 
Cimino 1996 [35] Adults 5 ALL-lIAF4 2(40%) 
Charrin 1996 [22] Adults 16 t(4;1l) 0 
Seeker-Walker 1997 [21] Adults 10 t(4;1l) 1 
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compared to 46-100% in those with germ
line configurationt [20]. 

There is some evidence that outcome of 
t( 4; II} ALL may be age related. In a literature 
review by Pui in 100 patients the outcome in 
infants and adolescents (> 10 years) was in
ferior compared to children at intermediate 
age (1-9 years). Twenty adult patients with 
t(4;11} had the worst outcome and all failed 
to achieve remission or relapsed within the 
first year [25, 39]. Two recently published 
trials in adult t(4;11} ALL also showed poor 
results [21,22]. There is evidence for an infe
rior outcome in Null/pre-pre-B-ALL com
pared to common and T-ALL as well [40] al
though no difference was found by others 
[28, 41]. The majority of the reported pa
tients with poor outcome has, however, been 
treated before 1990. 

In t( 4; II} as well as in pre-pre-B-ALL evi
dence increases that treatment results are 
improving by the introduction of treatment 
intensification. Thus the majority of CCR 
patients (15 of 16) reported by Pui had been 
treated to more contemporary protocols in
itiated after 1987 [42]. In the series reported 
by Schoch 9 of 23 patients with adult de novo 
ALL remained in first CR (10-83 mo), in
cluding eight patients with initial WBC 
> 100000 [38]. Further, 7 of 16 adult patients 
with MLL rearrangements remained in 
long-term CCR [34]. In a preliminary report 
on 67 adult patients with pre-pre-B ALL with 
a high incidence of t(4;11} (48%) outcome 
was improved compared to previously pub
lished Null-ALL. The median remission du
ration and survival were 35 months and 23 
months respectively compared to 15 months 
of median remission duration in the earlier 
trial [31,40]. The majority of these patients 
have been treated according to the high risk 
arm of the intensive risk-adapted GMALL 
protocol comprising intensified consolida
tion with high dose cytosine-arabino
side/mitoxantrone or high dose methotrex
ate/asparaginase. Furthermore, allogeneic 
BMT in first complete remission was sched
uled for all t( 4; II} positive patients with sib
ling donor. The improved outcome of t( 4; II} 
ALL is underlined by the above-mentioned 
findings of MRD analyses since in contrast 
to Ph/bcr-abl positive ALL in all CCR pa
tients MRD was not detectable [34]. 
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Conclusions and Future Perspectives for t(4;11) 
Positive ALL 

• t(4;11} identifies a subgroup of ALL with 
distinct clinical and biologic features. 

• Pre-pre-B-ALL phenotype with myeloid 
coexpression (CDI5, CDw65) is highly 
predictive for t( 4; 11 }. 

• PCR screening for MLL rearrangements 
identifies a considerable number of addi
tional t(4;11} positive cases compared to 
conventional cytogenetics alone. Prospec
tive studies are ongoing therefore in the 
GMALL study group. 

• In a subgroup with formerly fatal progno
sis now long-term remissions can be 
achieved in a considerable proportion of 
patients. 

• MRD evaluation is important in t( 4; 11) 
ALL since negative MRD status is appar
ently highly predictive for low probability 
of relapse in contrast to other ALL sub
types 

• Treatment with high dose cytosine-ara
binoside appears to be effective in t(4;11} 
positive ALL. The application of a second 
cycle of high dose cytosine-arabino
side/mitoxantrone in order to further im
prove results is therefore investigated in 
the ongoing GMALL trial 05/93. 

• Allogeneic bone marrow transplantation 
in first complete remission, although not 
reviewed here appears to be profitable. 

• The identification of additional risk fac
tors within t(4;11} positive ALL e.g. addi
tional aberrations, differential splice vari
ants may lead to the definition of unfa
vourable subgroups for selection of 
matched unrelated BMT. 
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Leukemia 

E. LERMA, L. CELESTI, A. DEJANA, and A. M. CARELLA 

Introduction 

Allografting is the only recognized therapy 
able to cure adult acute lymphoblastic leuke
mia patients with Ph-chromosome. Unfor
tunately, suitable HLA-matched related or 
unrelated donors are not available for the 
majority of leukemic patients. Transplanta
tion of stem cells derived from the patient's 
own marrow (autografting) avoids the need 
of an HLA-matched donor, but relapses are 
extremely frequent [1-5]. In our depart
ment, none of the Ph-positive adult patients 
with early pre B or pre-B cell treated with in
tensive chemotherapy were alive after 2 
years. In analogy to the encouraging results 
achieved by our team with mobilization of 
PhI-negative PBPC and autografting in pa
tients with Ph-positive chronic myeloge
nous leukaemia [6-8], we have used the same 
approach on patients with Ph-positive acute 
lymphoblastic leukemia. 

Methods 

Twelve patients were enrolled in this pilot 
study. Eight patients were male whose ages 
ranged from 17 to 59 years (median 38 
years). Six patients were in first relapse, four 
in second relapse and two patients in first 
hematologic remission but not in cytogenet
ic remission. The median time from diagno
sis to mobilizing therapy was 10 months 
(range 4-16 months). All patients had previ-

ously received conventional chemotherapy 
according to the German protocol [4] or to 
the Memorial Hospital protocol [9]. Patients 
relapsed at a median time of 5 months 
(range 4-11 months) from remission 
achievement (Table 1). 

Mobilizing Therapy. All patients received a 
regimen of idarubicin 8 mg/m2/d on days 1-
5, arabinosylcytosine at 800 mg/m2 2 h infu
sion daily on days 1-5, etoposide at 150 
mg/m2 2 h infusion daily on days 1-3 [6-8]. 
Recombinant G-CSF was given daily at 5 
jJg/kg until the total neutrophil count was 
over 1 x 109/1 for three consecutive days. Pe
ripheral blood counts were monitored daily 
and leukaphereses were begun as soon as 
WBC exceeded> 0.8 x 109/1. The next leuka
pheresis was done when the WBC reached> 
1 x 109/1 and leukaphereses were subse
quently performed daily until WBC exceed
ed 3.0 x 109/1. The collected cells were count
ed and studied for chromosome analysis, 
bcr-abl m-RNA transcripts, in vitro culture 
and phenotypic characteristics. The total 
product was frozen using Planer R-203. 
When peripheral blood counts had fully re
covered, a sample of bone marrow was taken 
for cytogenetic analysis. 

Cytogenetic Analysis. Cytogenetic studies 
were carried out on blood cells and on bone 
marrow (BM) using short-term (24-48 h) 
cultures without the addition of mitogens. 
Chromosomes were analysed using G and Q 
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Table 1. Clinical characteristics and outcome 

Patient Agel WBCx Length Pre- PBSC BMafter Clinical Outcome 
Sex 109/1 of first chemo collec- mobili- response 

atdia- CR BM tion zation after 
gnosis (months) Ph+ Ph+1 Ph+1 mobili-

metas (%) metas metas zation 

1 (RLP-I) 201M 410 5 100 0/48 20/50 CR PBSCTD/L 
2 (RLP-2) 171M 9 4 100 50/50 50/50 NR D/L 
3 (RLP-2) 37/F 380 10 100 36/36 42/42 NR D/L 
4 (RLP-1) 59/M 390 4 100 38/38 ND NR D/L 
5 (RLP-I) 47/M 180 5 100 42/42 48/48 NR D/L 
6 (RLP-1) 381M 280 5 100 0/38 10/48 CR PBSCT AIR 

(CCR + 18) 
7 (RLP-2) 361M 435 11 100 30/30 36/36 CR D/L 
8 (RLP-I) 391M 65 5 100 0128 0/40 CR PBSCTD/L 
9 (RLP-2) 40/F 220 6 100 0/36 10126 CR PBSCTD/L 

10 (RLP-2) 44/M 540 4 100 0/40 20/54 CR PBSCTD/L 
11 (CHR) 23/F 10 30 100 0170 ND CR PBSCT A/W (+9) 
12 (CHR) 58/F 16 1 100 0/67 0/80 CR A/W* 

RLP1: first relapse; RLP2: second relapse; CHR: complete hematologic remission; CR: complete remission; 
BM: bone marrow; PBSC: peripheral blood stem cell; Ph+: Philadelphia chromosome positive; PBSCT: auto-
grafting with peripheral blood stem cell; D/L: died of leukemia; AIR: alive in relapse; A/W: alive and well; 
ND: not done; * auto grafting ongoing. 

banding techniques and classified according 
to ISCN [10]. Karyotype studies were done 
on bone marrow before therapy, on blood 
stem cells collected by leukapheresis and on 
bone marrow after mobilizing therapy. At 
least 20 metaphases were analysed when 
available. When a lower number of meta
phases was found in a particular analysis, a 
second analysis was done in 2-4 weeks, and 
the results of the two specimens were 
pooled. All Ph-negative patients were evalu
ated by PCR amplification for bcr-abl tran
scripts. The method used consisted of two 
round "nested" PCR [11]. 

Results 

In 7/12 (58%) patients cytogenetic analysis 
failed to reveal Ph-positive translocation in 
peripheral blood stem cells and one of them 
(patient 6) also became bcr/abl negative (Ta
ble 1). Only one patient had complete Phl
negative hematopoiesis in the bone marrow. 
Complete hematological remission was 
achieved in 8/12 patients. One remitting pa
tient relapsed and died of leukemia before 
transplantation (patient 7, Table 1). The me
dian numbers of mononuclear cells, CFU
GM, CD34+ and CD34+/DR-cells collected 
were 3 X 108/kg (range, 0.8-7.6), 2.1 x 104/kg 
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(range, 0-21), 3.4 x 104/kg (range, 1.4-28.1) 
and 0.8 x 106/kg (range, 0.1-21), respectively 
(Table 2). 

In six patients, so far, the cryopreserved 
Ph-negative peripheral blood stem cells 
have been used as autotransplants. The con
ditioning regimen consisted of etoposide 
800 mg/m2/d for 2 days, cyclophosphamide 
60 mg/kg/d for 2 days or idarubicin (50 mg 
in single dose in 3 h infusion) and total body 
irradiation (8.5 Gy) at a single dose rate of 
16-18 cGy/min. Within 48 h of radiation, the 

Table 2. Details of biological results on peripheral 
blood stem cells collected 

MNC CD34+ CD34+/DR- GM-CFU 
x lOBlkg x 106/kg x 106/kg x 104/kg 

1.8 3.6 0.5 2.8 
2.1 4.4 0.1 0 
2.9 3.2 0.8 2 
3.8 2.8 0.8 2.2 
7.6 6.4 2 21 
4.1 3.1 0.9 3.8 
3.8 3.8 1.1 2 
1.8 2.6 1 0.9 
2.8 1.4 0.3 0.6 
2.9 1.9 0.4 1.3 
5.9 28.1 4.8 9.6 
3.1 5 0.3 9.3 

Median 3 3.4 0.8 2.1 
range (1.8-7.6) (1.4-28.1)(0.1-4.8) (0-21) 



cryopreserved Ph-negative peripheral 
blood stem cells were thawed and reinfused. 
Recombinant G-CSF was given after cell in
fusion at 5 Ilg/kg/d until neutrophil counts 
reached > 1 x 10911 for 3 consecutive days. 
The median time to ANC count recovery 
> 0.5 x 10911 and to platelet recover of> 20 x 
109 II after auto grafting was 24 days (range, 
18-36 days) and 45 days (range, 29-65 days), 
respectively. All patients showed substained 
engraftment. Two patients are alive; one in 
relapse after 18 months of complete cytoge
netic remission and another patient is in 
complete cytogenetic remission 9 months 
after autografting (Table 1). Both these pa
tients were maintained after transplantation 
with IFN-AAA/low doses IL-2. Molecular 
studies to detect bcr-abl transcripts were 
performed on one Ph-negative patient and 
were negative for the first 3 months but, sub
sequently, became positive. 

Discussion 

Philadelphia-chromo some-positive ALL is a 
subgroup of ALL having a dire prognosis in 
children and adults which almost invariably 
leads to death. On more than 200 ALL pa
tients recently analysed, survival was worse 
in patients with bcr-abl transcripts com
pared to the brc-abl negative group [12,13]. 
A possible cure has been recently reported 
in four patients (three adolescents and one 
child) treated with extensively reinforced, 
early chemotherapy followed by rotational 
treatment with pairs of non-cross-resistant 
drugs. The median duration of leukaemia
free-survival in this subgroup was 6 years 
(range, 6-8 years) [14]. The same results have 
been recently confirmed in Italy in a small 
number of patients [15]. A part from these 
results, there is no doubt that conventional 
chemotherapy is inadequate to maintain a 
durable remission. Allogeneic bone marrow 
transplantation remains the only procedure 
capable of curing this group of patients and 
therefore is mandatory for patients with 
compatible donors. A review of BMT results 
revealed a 2 years leukemia-free-survival 
probability of 38, 41 and 25% for patients 
transplanted in first remission, after relapse 
and after failure to achieve initial remission, 

respectively [16]. Similar results were 
achieved in Stanford [17]. Patients without 
compatible donors have been offered auto
grafts, but this procedure does not seem 
very promising [9, 18-20]. The main prob
lem is to be able to purge marrow of Ph -pos
itive leukemic cells. Concerning the first 
point, one possible solution might come 
from the development of techniques able to 
induce an overshoot of diploid hemopoietic 
progenitor cells which can be used as "res
cue" after intensive high-dose therapy. Using 
this approach, we were able to confirm the 
presence of diploid cells during early recov
ery of hemopoietic function after intensive 
conventional chemotherapy in chronic mye
logenous leukaemia [6-8]. Likewise, we have 
employed the same technique in 12 patients 
with Ph-positive ALL, mainly during their 
first or second relapse. The results were very 
interesting in terms of kariotypical conver
sion especially considering that this group 
of patients was at high risk. In seven out of 12 
patients the cytogenetic analysis on periph
eral blood cells demonstrated the absence of 
Ph-chromosome. The bone marrow evalua
tion analyzed in the same days revealed 
Philadelphia-chromosome translocation in 
variable amount and only in two cases the 
complete absence of it. 

The proposed mechanism of the "normal" 
haemopoietic rebound during early recov
ery phase following intensive conventional 
chemotherapy is uncertain. The basic mech
anism underlying the achievement of remis
sion probably lies in the fact that normal 
cells regrow faster than the leukemic ones 
[21]; therefore, the overshoot of "normal" 
haemopoietic progenitor cells in the blood 
during early recovery represents a process 
that is occurring in the bone marrow, and 
this might be amplified by the use of growth 
factors. The reason why very primitive he
mopoietic progenitors cells enter the blood, 
reflects a homeostatic mechanism aimed to 
re-establish the hemopoietic progenitors 
and to repopulate homogenously all hemo
poietic sites. 

Finally, the quality and quantity of stem 
cells detected in each patient and in each 
apheresis might depend upon the combina
tion of different features, such as the degree 
of residual normal bone marrow, the de-
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bulking of Ph-positive cells, and - last but 
not least - whether such a debulking reaches 
the same degree in each haemopoietic site. 

In conclusion, further work is needed to 
confirm these preliminary results but it is 
possible that if we could mobilize these pa
tients in earlier phases of their disease we 
could satisfy two different aims: 
1. the achievement of more diploid hemo

poietic progenitor cells, as we are now ob
serving in chronic myelogenous leukae
mia mobilized at diagnosis and 

2. to achieve more cures after high-dose 
therapy followed by autografting with 
these normal cells. 
More patients and more time, can confirm 

the place of this procedure in the treatment 
of high-risk acute leukemias. 
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Abstract. Thirty-four adults with B-ALL (n = 
23) and advanced-stage Burkitt's lymphoma 
(n = 11) received their primary treatment 
with one of five consecutive regimens devel
oped for adult ALL over a IS-year period. 
The complete remission rate was 62%, with 
median duration 1.6 years and 2-13 years 
probability 0.46. Factors associated with 
higher probability of response were a diag
nosis of B-ALL, normal serum creatinine, 
uninvolved central nervous system, and use 
of idarubicin-containing regimens. Remis
sion duration was favourably affected by 
blast cell count < 1 x 109/1 and/or age < 50 
years (59% after 5 years, p < 0.025 by the log
rank test) and the most recent consolidation 
programmes employing very high-dose 
chemotherapy supported by autotran
splants. Further improvement in poor-risk 
subgroups is expected by more aggressive 
and timely prevention of neuromeningeal 
spread and increased-dose consolidation 
with blood cell autograft. 

Introduction 

B-ALL (acute lymphoblastic leukaemia) ac
counts for less than 5% of adult ALL. This 
discrete ALL syndrome exhibits a so-called 
L3 or Burkitt-like blast cell morphology, 
nonrandom translocations of chromo-

somes 14, 18,2, and 8, and a mature B-cell 
phenotype with monoclonal surface immu
noglobulin. Until very recently, B-ALL was 
considered a very aggressive disease asso
ciated with an extremely bad prognosis. In a 
recent German Multicenter Acute Lympho
blastic leukemia (GMALL) study [1], the re
mission rate and leukaemia-free survival 
increased from 44 and 0%, obtained with 
ALL-type treatment, to 74 and 71 % using an 
intensive regimen for childhood B-ALL and 
the strictly related entity Burkitt's lympho
ma (B-NHL). Prior studies with ALL-direct
ed chemotherapy, reviewed by Hoelzer [1], 
involved less than 10 total patients and re
ported remission rates between 0-67% (me
dian 35%) and leukaemia-free survival 
between 0-33%. From 1979-1995 we con
ducted five subsequent chemotherapy trials 
for adult ALL, enrolling 346 total patients 
aged 15-78 years and including B/L3-ALL as 
well as B-NHL. We review retrospectively 
initial response rate and long-term outcome 
of 34 adults with B/LrALL and advanced B
NHL, homogenously treated with these 
adult ALL-type protocols. To the best of our 
knowledge this is the largest series of its 
kind to be compared with smaller ones re
viewed by Hoelzer and the GMALL study re
sults. The present report is the 1997 update 
of a previously published study [2]. 

Haematology/Bone Marrow Transplant Units of I Ospedali Riuniti di Bergamo, 2 Ospedale Civile di Vicenza, 
3 Spedali Civili di Brescia, 4 Ospedale San Gerardo di Monza, and 5 Biostatistics Unit, Istituto M. Negri, Milan, 
Italy 
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Materials and Methods 

Diagnosis 

B-ALL was diagnosed when > 30% bone 
marrow cells were lymphoid blasts express
ing mature B-lineage differentiation mark
ers with surface light chain immunoglobulin 
(SIg+) of either the kappa or lambda type. 
An L3 blast cell morphology according to the 
French -American-British subclassification 
was not mandatory in cases with SIg+ phe
notype, but it was necessary in those without 
the immunophenotype study. Cases with L3 
morphology and non-SIg+ phenotype were 
excluded. Advanced-stage B-NHL was de
fined as clinical stage III/IV by the Ann Ar
bor and st. Jude's staging systems or C/D by 
the National Cancer Institute staging clas
sification for B-NHL, with bone marrow in
volvement < 30% to rule out a diagnosis of 
B-ALL [2]. 

Treatment 

Details on adult ALL protocols between 
1979-1995 were published [2]. A schematic 
overview of induction and consolidation 
phases is reported in Table 1. Note that pro
phylactic cranial irradiation was given at 

Table 1. Treatment regimens 

end of early consolidation in 4 programmes, 
after a median of 3 months from remission 
achieved, or was not included in the protocol 
containing high-dose cytosine arabinoside 
(ara-C). 

At presentation all cases underwent a di
agnostic lumbar puncture an were put on 
oral allopurinol 300-600 mg/die and hyper
ydration/urine alkalinization to correct or 
prevent uric acid nephropathy and kidney 
failure. If serum creatinine or uric acid were 
> 1.6 g/dl or > 8 mg/dl, respectively, chemo
therapy was deferred for 24-72 hours with 
the exception of corticosteroids 0.5-1 
mg/kg/die. Management of anaemia, neu
tropenia, thrombocytopenia and related 
complications was as for ALL patients at 
time of study. Prevention of neutropenic in
fectious complications was with oral paro
momycin-nystatin or ciprofloxacin-nystatin 
or ciprofloxacin-fluconazole depending on 
study period. 

Definitions and Statistics 

A complete remission (CR) was defined as 
the disappearance from the bone marrow 
and other involved tissues and the cerebro
spinal fluid of lymphoblastic/L3 cells with a 
normocellular or moderately hypocellular 

Program Induction Consolidation Autograft Maintenance 
CNS phase 

HEAV'D A,V,As,P 
OPAL-HDara-C A,V,As,P 

HEAV'D-2 A,V,P,C 

IVAP I,V,As,P 

07/93 I,V,As,P 

A,V,C/it MTX,RT 
A,V,HDaraC/it MTX 
+araC 
A,V,C,araC,T/ 
itMTX,RT 
I,V,As,C,araC,T/ 
it MTX +araC,RT 
I, V,E,araC,C,Dx/it 
araC+MTX,RT 

MP,MTX,C 
MP,MTX 

MP,MTXa 

MP,MTXC 

Definitions: A, adriamycin; V, vincristine; As, L-asparaginase; P, prednisone; C, cyclophosphamide; RT, crani
al radioprophylaxis; MP, 6-mercaptopurine; MTX, methotrexate; it, intrathecal; HD, high-dose; araC, cyto
sine arabinoside; T, teniposide; I, idarubicin; B, BCNU; E, etoposide; M, melphalan. 
CNS: central nervous system. 
Maintenance: 3 years unless otherwise indicated. 
a 2 years. 
b High-dose therapy with bone marrow autograft (marrow harvest at end of early consolidation, unpurged). 
C 6 months (post-autograft) or 12 months (no autograft). 
d High-dose therapy with blood cell autograft (leucapheresis after first consolidation +G-CSF, unmanipulat

ed) 
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bone marrow showing normal trilineage 
haematopoiesis. In B-NHL patients, CR was 
confirmed by ultrasound scan, computed to
mography, or nuclear magnetic resonance as 
indicated. A recurrence was defined as the 
detection of > 5% SIg+ L3/blast cells in the 
bone marrow, L3/SIg+ blasts in the spinal 
fluid, or biopsy-proven B-NHL in swollen 
lymphodes or other clinically suspect tis
sues. The comparison of treatment outcome 
among different patient groups was by 
means of the Fisher exact text and the log
rank test. Multivariate analysis was by 
means of logistic regression and the Cox 
proportional hazard model. Survival was 
taken from date of diagnosis to death or last 
follow-up. Disease-free survival (DFS) was 
calculated from date of CR to recurrence, 
death in CR, or time oflast follow-up in CR. 
Survival and CR estimates were calculated 
and plotted by the method of Kaplan -Meier. 

Results 

Patients 

As of December, 1995, 23 out of our 346 
adult ALL patients had B/L3-ALL (7%). Im
munophenotype was diagnostic in 18 out of 
19 cases studied (one technical failure). 
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Fig. 1. Overall survival (OS) and DFS 

Four SIg+ B-ALL were not L3. Five cases not 
immunophenotyped were included on the 
basis of L3 morphology. Altogether, 18 out 
of 23 patients (78%) were immunopheno
typically SIg+ B-ALL. Median age of BALL 
patients was 43 years (range 15-65) and me
dian blast count was 0.9 x 109/1 (range 0-31). 
Two had overt CNS disease. Stated inclusion 
criteria were met by 11 out of 18 patients 
with histologically proven B-NHL. Median 
B-NHL patient age was 51 years (range 17-
70). Six patients (54%) had bone marrow in
volved with < 30% blast cells, 7 had exten
sive gastrointestinal disease (64%) and 8 
had involvement of other extranodal sites 
including CNS (73%). Median follow-up 
from diagnosis to longest follow-up was 5 
years (range 14 months-l3.1 years). No pa
tient had HIV-related disease. 

Treatment Outcome 

The number of patients entered into each 
of 5 subsequent treatment regimens and 
their respective outcomes are detailed in 
Table 2. 

A CR was achieved in 21 patients overall 
(62%), l3 patients died early of refractory 
disease (n = 6, 18%), pancytopenic compli
cations (n = 5, 15%), and kidney failure (n = 

8 

YEARS 

10 

DFS (n=21) 

as (n=34) 

12 14 
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Table 2.Response to treatment by protocol 

Treatment No. CR Recurrence 
of patients (% ) (% ) 

HEAV'D 7 ALL, 1 NHL 6 (75) 3 (50) 

OPAL-HDara-C 2ALL 1 (50) -

HEAV'D-2 lALL,9NHL 2 (20) -

IVAP 6 ALL 5 (83) 4 (80) 

07193 7 ALL, 1 NHL 6 (87) 2 (33) 

2,6%). Median survival from diagnosis was 
6.7 months, and projected overall survival 
between 4-13 years was 30%. Eleven patients 
are alive, 10 of whom in first CR (32%). For 
CR patients, median DFS was 1.6 years and 
projected DFS between 2-13 years was 49%. 
Overall survival and DFS curves are shown 
in Fig. I. 

Two patients, one of whom in program 
07/93, died in CR of invasive fungal infection 

and pulmonary thromboembolism asso
ciated with septic complications and acute 
renal failure, respectively. Nine CR patients 
had a recurrence in the bone marrow (n = 5), 
bone marrow plus central nervous system 
(CNS,n = 1), and CNS (n = 3) after a median 
of 4 months (range 1.2-19 months), and 
within 6 months in 7 out of 9 cases. Median 
survival from relapse was only 22 days 
(range 4 days-l,4 years). One patient who 
underwent an allogeneic bone marrow 
transplant at relapse remains well after 12 
months. All eligible patients in protocols 
IVAP (n = 1) and 07/93 (n = 5) underwent an 
autograft. All engrafted promptly and none 
relapsed. 

Role of Prognostic Variables 

Early response rates and long-term DFS and 
survival rates by prognostic factors and se-

Table 3. Presentation features and outcome (CR, complete remission; DFS, disease-free survival of patients; 
as, overall survival) 

CR DFS as 

Variable No. of cases no. (%) Median (yr) 5-yr % Median (yr) 5-yr% 

Age (yr), 
<50 20 12 (60) NR 56 1.6 36 
>50 14 9 (64) 0.3 33 (4-yr) 0.3 21 
L3 cells (x 109/1), 
<1 23 13 (56) NR 60' 1 37 
>1 11 8 (73) 0.2 25 (2-yr) 0.4 18 (2-yr) 
LDH (U/1) 
<500 6 3 (50) 1 33 1.5 25 
>500 20 13 (65) NR 51 0.4 33 
Creatinine (mg/dl), 

36b < 1.6 18 12 (66) NR 56 1.5 
> 1.6 4 1 (25) 1.1 100 (l-yr) 0.1 25 (I-yr) 
CNS(no.), 
Negative 30 20 (67) 1.6 43 0.6 30 
Positive 4 1 (25) 3.7 100 (3-yr) 0.1 25 (3-yr) 
Diagnosis (no.), 
B/LrALL 23 18 (78)' 1.5 43 0.7 37 
B-NHL 11 3 (27) NR 67 0.5 18 
Anthracycline (no.), 
Adriamycin 20 9 (45) NR 55 0.6 25 
Idarubicin 14 12 (86)d 1.5 37 (3-yr) 1.5 37 (3-yr) 
Programme (no.), 
07193 8 7 (87) 1.6 47 (3-yr) 1.5 42 (3-yr) 
Others 26 14 (54) 1 43 0.5 26 

NR, not reached. 
a p < 0.05 by univariate and multivariate. 
b p < 0.025 by univariate. 
'p = 0.005 by univariate and 0.007 by multivariate. 
d p = 0.0018 by univariate. 
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Fig.2.DFS by age> 50 years and blast count> 1 x 109/1. Group 1: no or single feature; Group 2: both features. 
P < 0.025 by the log-rank test 

lected treatment variables are presented in 
Table 3. 

CR rates were lower in patients with ele
vated serum creatinine, CNS disease, and B
NHL. Three BNHL patients were refractory 
(27%). The incidence of refractory disease in 
B/L3-ALL was 13%. All refractory patients 
received adriamycin-based regimens, while 
use of idarubicin was apparently correlated 
with lack of induction resistance. DFS was 
positively affected by age < 50 years, a low 
tumoral burden as expressed by a peripheral 
blast cell count < 1 X 10911 and, in view of re
duced relapse rates (Table 2), by programme 
07193 where only 2 patients aged> 60 years 
developed a recurrence. By combining age 
and blast count (Fig. 2), long-term DFS 
probability of patients aged < 50 years 
andlor with < 1 X 10911 blasts was 0.59 (me
dian not reached), but only 0.17 at 1 year 
(median 1.8 months) in those aged> 50 
years and with higher blast count (p < 
0.025). 

Discussion 

What we obtained in B/L3-ALL and ad
vanced-stage B-NHL of adults usingALL-di-

rected regimens was better than previously 
reported by others and must be discussed in 
the light of state-of-the-art results from 
GMALL trials [1]. Median patient age was 
higher in our series than in GMALL studies 
(44 vs. 34 years), as was the incidence of doc
umented CNS involvement (17 vs.12%). The 
number of cases with L3 morphology with
out confirmatory immunophenotype was 
quite similar (22 vs. 19%). On the contrary 
the peripheral blood cell count was lower in 
our cases, but while we referred to absolute 
blast cell count and included B-NHL pa
tients who necessarily did not have a periph
eral blood contamination by tumoural cells, 
GMALL studies considered total white cell 
counts. Sometimes both mature and imma
ture circulating myeloid cells are increased 
in B-ALL patients, so that evaluation of true 
blast cells instead of total white cells seems 
advisable for adequate inter-series compari
son. Altogether, we had more patients with 
renal failure and an overall 7% incidence of 
B-ALLlL3 among adult ALL. In GMALL 
study 01/81 the incidence ofB-ALL was only 
2% (3) and is not reported for the most re
cent trials [1]. We suspect either an aug
mented incidence ofB/L3-ALL in our region 
or, rather, a very low exclusion rate at diag-
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nosis, considered our patient age range and 
incidence of renal insufficiency. 

Our results support separate conclusions 
for the remission induction and postremis
sion consolidation phases. During induc
tion, we found that refractory disease was 
associated with the adriamycin regimens 
(9/20 cases or 30%) but not with idarubicin 
regimens (none of 14 patients), an intri
guing observation since other drugs and 
drug scheduling were basically the same. 
Theoretically, a greater therapeutic index of 
idarubicin over adriamycin in B-ALL could 
be explained by two synergistic pharmaco
logic effects. First, the idarubicin metabolite 
idarubicinol, that is cytotoxic even at low 
concentrations and exhibits a long plasmat
ic half-life in excess of 50 h [4], might inhibit, 
by virtue of this peculiarity, B-ALL cell pro
liferation during the 48-72 hours estimated 
for every B-ALL cell to transverse the cell cy
cle [5]. Second, idarubicin appears from in 
vitro studies to be less vulnerable to cellular 
drug efflux mediated by P170 membrane-as
sociated glycoprotein [6], a multidrug resis
tance mechanism frequently expressed by B
ALL [7]. GMALL induction trials with dau
norubicin confirmed a relatively high re
fractoriness rate (44% in study ALL 01/81 to 
17% in study B-NHL 86) [1,3]. The exact 
place of idarubicin in B-ALL requires fur
ther clinical and experimental in vitro eval
uation. 

In selected circumstances, represented by 
patient age < 50 years and/or nearly absent 
leukaemic blood contamination, our ALL
type protocols induced DFS rates close to 
GMALL B-NHL 83/86 results [1]. Our fa
vourable group, with long-term DFS 59%, 
included 71 % of all CR patients. In the 
GMALL experience, all patients with < 50 X 
109/l white blood cells (83% of evaluable cas
es) fared very well (DFS 71 %). This probably 
means that outcome of several high-risk pa
tients, as those with higher B-ALL cell count 
and older age, can be significantly improved 
by GMALL B-NHL regimens, whilst the ad
vantage would probably not be as clear in 
low-risk patients. 

The analysis of postremission chemo
therapy indicated a possible benefit by pro
tocol 07/93. This consisted of six short pulses 
alternating idarubicin -vincristine-cyclo-
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phosphamide with idarubicin-vincristine
etoposide-ara-C, along which cranial irradi
ation, medicated lumbar punctures, and an 
autologous unmanipulated peripheral 
blood cell graft. The efficacy of this pro
gramme and the safety of the peripheral 
blood autograft, in terms of blood cell recov
ery and disease contamination, would be 
preliminarily confirmed since none of 5 au
tografted patients relapsed after a minimum 
follow-up of 18 months. It was therefore re
grettable that one of these few patients died 
in CR causing a drop of actuarial DFS esti
mate. Additionally, the fact that 07/93 was 
not as promising for other ALL subtypes 
(unpublished data) is another argument, in 
line with GMALL indications [1], for the 
adoption of specific treatment schedules in 
adult B-ALL. 

Analysis of recurrence indicated a very 
short time to relapse with high incidence of 
neuromeningeal progression, greater than 
that observed in GMALL studies (I9 vs. 
13%). This difference can be partially ex
plained by a delayed cranial radio-prophy
laxis, starting 8-12 weeks from remission 
achieved. Retrospectively, this was not unex
pected since it is now well recognized that 
spread to CNS can occur very early in B
ALL, contrary to other ALL types. In GMALL 
trials skull irradiation was delivered after 
the first two chemotherapy courses, that is a 
minimum of one month earlier than in our 
study [1]. Nevertheless, CNS progression 
rates remain the highest among ALL sub
sets, to underline the difficulty of obtaining 
an adequate CNS sterilization in patients 
whose bone marrow can be rendered dis
ease-free. Our current programme is de
rived from 07/93 and considers, immediate
ly after the induction course, early brain ir
radiation plus increased-dose intrathecal 
ara-C (75 mg) and methotrexate (IS mg). 
Systemic high-dose treatment including cy
clophosphamide, ara-C and methotrexate in 
a tight sequence is given thereafter. 

In view of recent GMALL data the mean
ing of our report is mainly historical but, at 
variance with prior studies, it contributes to 
define the prognostic heterogeneity of B
ALL and generates some speculations of po
tential interest. Such are the use of idarubi
cin during induction, the enforcement of 



early chemo-radioprevention of eNS dis
ease, and the administration of high-dose 
chemotherapy with autologous blood cell 
rescue. 
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Abstract. Among 200 BMT procedures per
formed since 1991, ABMT was carried out in 
34 high-risk ALL patients aged 15-50 y, me
dian 27 y; 22 pts in CRI and 12 pts in CR2 or 
> 2. The mean number of 1.74 x 108 nuclea
ted cells/kg (1.61 x 106 CD34+ cells/kg) was 
transplanted after myeloablative regimen 
consisting of Cyclophospamide, Ara-C and 
Etoposide (CAV). The mean regeneration 
time of granulocytes up to > 0.5 G/L and G > 
1.0 G/L equaled 15 and 19 days, respectively. 
The recovery of platelets> 50 G/L occurred 
on day 14, and> 100G/L on day 17. Two pts 
died (5.8%) in the early post-transplant pe
riod. 6/22 pts in CRl and 9/12 pts in CR ~ 2 
relapsed 2-26 months after ABMT. DFS sur
vival was significantly longer in patients 
who had obtained a full dose remission in
duction treatment and high dose consolida
tion compared to those who received a 
time/dose reduced therapy (p < 0.01). DFS 
was also significantly longer in CRl patients 
than in patients transplanted in CR2 or 
beyond (p < O.OI). 

Introduction 

A remarkable improvement in the treatment 
results of acute lymphoblastic leukaemia 
(ALL) has been observed during the last two 
decades with complete remission rate about 
75% (64 to 85%) in adult patients. However, 
despite of intensive remission induction and 

consolidation therapy, most patients relapse 
and long-term remission are achieved only 
in approximately 33% (18 to 40%) of adult 
patients [1]. The further progress has been 
achieved by the use of bone marrow trans
plantation (BMT). The allogeneic bone mar
row transplantation (alloBMT) may result in 
40%-60% disease free survival (DFS) with 
an actuarial relapse rate of 10%-40% and 
90% of the recurrences occurring within the 
first 2 years [2]. There is no doubt that allo
geneic BMT is an effective antileukemic tre
atment, specially in acute and chronic my
elogenous leukaemia. However, the risk of 
complications related to transplantation rai
ses the question whether it should be perfor
med in ALL patients in first or in subsequent 
remission [3,4,5,6] 

The lack of an optimal sibling donor in 
80% of patients in need as well as the uncer
tainty concerning the indications for alloge
neic transplantation in ALL patients in first 
remission, cause a growing interest in va
rious forms of autologous transplantation. 
Their value in the treatment of ALL is still 
not finally established, but there are several 
proofs indicating that this procedure is ef
fective. 

The aim of the study was to determine di
rect and long-term results of autologous 
bone marrow transplantation (ABMT) in 
the ALL patients. 

University Department of Haematology, Silesian Medical Academy, Katowice, Poland. 
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Materials and Methods 

Among 200 BMT procedures performed in 
our department since April 1991,ABMT was 
done in 34 ALL patients (24 males and 10 fe
males aged 15-50 years, median 26 years); 22 
high risk patients in CRI and 12 patients in 
CR20r>2. 

There was no significant difference in the 
age between CRI and CR ::::: 2 group (28.6 + 
18 versus 24.1 + 8.6 years, p = 0.18). The dis
tribution of particular ALL subtypes in the 
CRI and CR2 groups was following: pre-pre 
B; 7/22 and 4/12, "common"; 3/22 and 5/12, T
type; 7/22 and 2/12, undetermined; 5/22 and 
1/12 respectively. Two patients in the CRI 
group expressed bcr/abl rearrangement. 
The mean observation times after ABMT 
equaled 789 ± 644 days in the CRI group and 
896 ± 586 days in the CR ::::: 2 group. 

The conditioning regimen consisted of 
Cyclophosphamide 60 mg per kg body 
weight on day -3 and -2, Ara-C 1000 mg/m2 

every 12 h on days -3, -2, -1 and Etoposide 
700 mg/m2 on day -3, -2, -1. Bone marrow 
was transplanted on day 0 through a central 
vein catether. In 4 patients growth factors 
were administered after ABMT: GM-CSF 
(Leucomax-Sandoz) in 3 patients and G-CSF 
(Neupogen-Roche) in 1 patient. 

The number of CD34+ cells and the mini
mal residual disease were determined using 
flow fluorometry (FACS-STAR plus, Becton
Dickinson). The method was controlled wit
hin the international standardisation sy
stem [8]. 

The primary end points were survival and 
disease free survival (DFS), calculated with 

800 1200 1600 2000 
Survival Time [days] 

Kaplan-Meier product limit estimate and 
compared by paired log-rank test and Cox's 
test. Multiple regression analysis was used to 
test the correlations between both the trans
planted cell numbers and the duration of 
last complete remission and the DFS. 

Results 

Table 1 presents data concerning the trans
planted cell numbers and the regeneration 
times after ABMT. 

Two of 34 patients (5.9%) died in the early 
post-transplant period < 100 days because 
of sepsis. Both the survival (Fig. 1) and the 
DFS (Fig. 2) were significantly longer in pati
ents autografted in CRI than in CR ::::: 2. The 
3-year probabilities of survival equaled 70% 
for autotransplantations done in CRI and 

Table 1. Transplanted cell numbers and the recovery 
time after ABMT in ALL patients. 

Mean Range 

Transplanted 
cell 

number 
Nucleated cells (x lOB/kg) 1.74 + 1.12 0.48-4.7 
CD34+ cells (x 106/kg) 1.61 + 1.23 0.44-3.9 

Regeneration 
Neutro~hils (day) 15 12-26 
> 0.5 gl 
Neutrophils (day) 19 13 -29 
> 1.0 gIl 
Platelets 
> 50 gIl 

(day) 14 9-22 

Platelets (day) 17 12 - 27 
> 100 gIl 
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Fig.2. DFS in CRI (22 patients, median observation time 341 days) versus CR;:O:: 2 (12 pts,med.observ. time 545 ) 

23% for patients auto grafted in CR ;:::: 2 (p < 
0.05), while the coresponding DFS probabili
ties accounted for 60% and 21 %, respectively 
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(p = 0.04). In CRI patients (Fig. 3) the DFS 
was longer (78%) in 14 patients who obtai
ned a full dose induction and a high dose 
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Fig.3. DFS in CRI patients who obtained before ABMT a full dose induction and consolidation (14 patients, 
med. observ. time 750 days) versus treated with postponed or time/dose reduced cycles (8 pts, med. observ. 
time 404 days) 
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Fig. 4. Correlation between 
transplanted nucleated cell 
(NC) number and DFS 

Fig. S. Correlation between 
transplanted CD34+ cell 
number and DFS 

Fig. 6. Correlation between 
the duration of the last CR 
before ABMT and DFS 
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consolidation before ABMT if compared to 8 
patients treated with delayed or dose/time 
reduced cycles (38%) p = 0.026. 

A tendency toward a negative correlation 
was observed between the number of trans-
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planted nucleated cells (Fig 4) as well as the 
number of CD34+ cells (Fig 5), and the durati
on of D FS, but the results are not significant. 

A positive correlation was found between 
the duration of the last complete remission 
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before ABMT and the time to relapse after 
ABMT, p < 0.05 (Fig. 6). In the whole group 
of patients (CRI + CR 2: 2) a better outcome 
in terms of DFS was found in those autograf
ted after a complete remission lasting one 
year or longer if compared to patients auto
grafted earlier in complete remission, p < 
0.002 (Fig. 7). 

Discussion 

Combination chemotherapy of adult ALL 
including vincristine, prednisone, anthracy
clines, L-asparaginase, cytosine arabinoside 
and cyclophosphamide results in a relatively 
high complete remission rate ranging 60-
80% but the leukaemia free survival remains 
low at 13-44% with majority of patients dy
ing from relapsed disease [9,10]. 

Intensive consolidation treatment ap
pears to play an essential part in prolonged 
leukaemia free survival, but the optimal 
strategy is as yet not established. The role of 
BMT in first remission, either for all patients 
or for defined high-risk groups is still belong 
investigeted. Some particular subgroups of 
adult ALL such as those with the t(9:22) or a 
t( 4: 11) are virtually incurable by chemo
therapy alone, and there are reports demon
strating the potential of allogeneic BMT in 
producing a cure in these subtypes. 

Allogeneic BMT from HLA identical do
nor allows to achieve long-term DFS in 45-
60% of adult patients with ALL in CRI [9J 
and 22-36% in CR 2: 2 [11]. This is confir-
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med by IBMTR data from 1996; 3 year pro
babilities of LFS: 54 ± 4% for CRI patients, 
40 ± 13% for CR 2: 2, and 20 ± 5% for pati
ents in relapse. The results obtained in first 
CR by ABMT are surprisingly similar, whe
reas those in CR 2: 2 are inferior. According 
to the ABMTR data (1996) the 3 year LFS af
ter ABMT in CR1, CR > 2 and in relapse 
equalled 43 ± 12%,25 ± 6% and 17 ± 7%, re
spectively. The wider application of alloge
neic BMT is restricted by the biologically 
low probability of possessing a compatible 
donors. The results observed after unrelated 
donor BMT are promissing in comparison 
to ABMT only for patients in CR2 or > 2; LFS 
in CR1- 37 ± 14% in CR 2: 2 - 36 + 6% (IBM
TR 1996). There are some reports aiming to 
compare the results of allogeneic BMT to 
those of chemotherapy given alone, as well 
as to compare the results of allogeneic to au
tologous BMT [6,9]. No significant superio
rity of allogeneic over the autologous BMT 
has been shown in adult patients with high 
risk ALL [12J. 

The success of ABMT appears to depend 
on the following factors: (1) a good quality of 
remission at the time of harvesting cells for 
transplantation, confirmed by the absence 
of minimal residual disease [13]; (2) an 
effective conditioning therapy, potent to 
eliminate cloister sites of neoplasmatic 
growth; (3) a proper function of the bone 
marrow stroma; and (4) a satisfactory gene
ral condition of the patient. 

Failures following the ABMT are caused 
mainly by the leukaemia relapse. In our ma-



terial 2 patients from the CRI group died 
during the posttransplantation period and 
only one patient died due to the relapse after 
ABMT. In CR ~ 2 group 9 patients relapsed 
after ABMT and 8 of them died. 

Our results indicate that a better outcome 
was achieved if ABMT was performed in 
first remission, confirming the data repor
ted by other authors [13]. The results of 
ABMT in ALL patients in CR ~ 2 are better 
when compared to chemotherapy given alo
ne [3]. According to Herve at al. [10] the 3 
year LFS in ALL patients in CR2 or beyond 
treated with chemotherapy, ABMT and allo
BMT equaled; < 5, 20 and 25-30%, respec
tively. 

Our single institution results confirm the 
utility of ABMT in high risk ALL in CRI [15]. 
The results in CR2 and beyond were signifi
cantly inferior and correspond to the values 
reported by ABMTR and some other authors 
[14]. It appears however that further impro
vements of pretransplant, transplant and 
posttransplant procedures are necessary. 
Our observations indicate that a consequent 
and radical pre transplant chemotherapy 
and a rather longer duration of CR before 
ABMT correspond with better results after 
ABMT. This is probably due to a more effec
tive elimination of the residual leukaemia as 
a result of the so called biological purging. In 
our experience also a lower number of 
transplanted cells seems to correlate with a 
longer DFS, suggesting the potential negati
ve role of proportionally higher number of 
residual leukaemic cells in cell rich trans
plant. It has to be determined whether ex 
vivo purging would be effective in such ca
ses. 

ALL consists of few distinct subgroups 
and a properly adjusted regimens should be 
evaluated in prospective trials. Our observa
tions suggest that ABMT is an effective post 
remission treatment in high risk adult ALL 
patients in first CR. A full dose induction 
and high dose consolidation appears to be 
important for achieving a high DFS rate. For 
CR ~ 2 patients lacking a matched donor, 
ABMT offers a salvage therapy that needs 
further improvement. 
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Cranial Computed Tomographic Scans at Diagnosis in Children 
with Leukemia 

T. JACKOWSKA, E. WAGIEL, and R. ROKICKA - MILEWSKA 

Abstract. The cranial computed tomograph
ic scan (CT) was performed in 68 leukemia 
children aged from 3 month to 15.6 years. 
The CT scan had been taken before chemo
therapy started. Out of 21 (31%) patients 
with changes on the CT scan: 16 had a cere
bral atrophy, 6 ventricular dilatation, 2 hypo
dense areas of white matter and septum pel
lucidum cysts, in one case asymmetry of 
ventricular width and quadrilocular hydro
cephalus was found. In some of the children 
more than one abnormality was noted. We 
did not observe any abnormalities on the ex
amination of cerebrospinal fluid in the chil
dren with abnormal CT scan. It is impossible 
to determine if the abnormal CT scan was 
related to the basic disease. Even normal CT 
taken in the early phase of disease did not 
exclude brain involvement. Routine CT scan 
in early state of leukemia can be useful for 
comparison with CT scan following therapy 
in order to assess the late side effects of the
rapy or possible central nervous system 
(CNS) involvement. 

Introduction 

The significant improvement in the treat
ment results of children with leukemia has 
been observed in the last few years due to in
tensive therapy in some cases, combined 
with cranial irradiation [1-3]. 

The central nervous system (CNS) pro
phylaxis, performed to eliminate the residu
al disease in this area, constitutes one of the 
treatment methods of childhood leukemia. 
However, the long-term results of new meth
ods of effective CNS prophylaxis have to be 
taken into consideration. The majority of 
retrospective studies evaluates computed 
tomography (CT) findings in CNS after CNS 
prophylaxis [4-9]. The relationships be
tween the results of intensive chemotherapy, 
CNS irradiation, CNS metastases and the CT 
findings on brain images are not exactly de
fined [7,8]. The aim of this study was to eval
uate the CNS in children with leukemia us
ing CT scan before chemotherapy and corre
late these findings with CNS disease. 

Materials and Methods 

The study included 68 patients (37 boys and 
31 girls, mean age 6.2 years, range from 3 
months to 15 years and 6 months). All chil
dren were treated between 1989 and 1996 in 
the Department of Pediatrics, Hematology 
and Oncology in Warsaw. Fifty-five of them 
were diagnosed with ALL, 12 and 1 with 
AML and CML respectively (Table O. 

During the first few days of chemotherapy 
with steroids, diagnostic lumbar puncture 
and CT of the cranium were performed in all 
children to define CNS disease. Spinal fluid 
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Table 1. Characteristics of patients 

No. of patients 

Boys 
Girls 

Age at diagnosis 
Mean 
Diagnosis: 

ALL 
AML 
CML 

68 

37 (54%) 
31 (46%) 

3 months-15.6 years 
6.2 

55 (81%) 
12 (17.6%) 
1 (1.4%) 

was analyzed for glucose, protein content 
and WBC count. The CNS disease was diag
nosed on the basis of the WBC count above 
5/mm3 and presence of leukemic cells in 
the spinal fluid. CT scan was performed us
ing Picker 1200 Expert or Somaton appara
tus. 

The section thickness was from 5 to 10 
mm. In the majority of patients CT scan was 
performed with and without contrast en
hancement. Ventricular dilatation, cerebral 
atrophy, thickening of menninges and hypo
or hyperdensity areas were assessed on the 
CTscan. 

Results 

with cerebral palsy. In 6 children more than 
one CT scan abnormality was detected. 

None of children with CT findings had 
spinal fluid abnormalities. WBC count from 
11 to 643 cells/mm3 was found in children 
with CNS disease. The CT scan of the brain 
of these children was normal (Table 3). 

Fifty-three of total 68 children are still 
alive. Treatment was completed in 24 of 
them. Twenty of 21 children with CT abnor
malities are alive and in none of them CNS 

Forty-seven of 68 children had the normal Fig. 1. Cerebral atrophy 
CT scan. In the 21 remaining children a va
riety of abnormalities was detected (Table 2). 

Cerebral atrophy (Fig. 1) and ventricular 
dilatation were observed in 16 and 6 chil
dren, respectively. In 2 children with septum 
pellucidum cyst and hypodensity areas in 
the white matter (Fig. 2) contrast injection 
did not cause disappearance of these find
ings. Hydrocephalus and asymmetry of ven
tricles (Fig. 3) were detected in one child 

Table2.Changes in cranial CT scan findings 

CT changes in 21 children No. of %" 
patients" 

Cerebral atrophy 16 76.2 
Ventricular dilatation 6 28.6 
Septum pellucidum cyst 2 9.5 
Hypodense area of white matter 2 9.5 
Asymmetry of ventriculi width 4 7 
Quadrilocular hydrocephalus 1 4.7 

"In 6 children more than one changed was observed. Fig.2. Hypodense area of white matter 
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Fig.3.Asymmetry of ventriculi width 

Table 3.Changes in cranial CT scan findings and cere-
brospinal fluid 

No.of Normal Changes Total 
patients CT in cranial CT 

Normal 43 21 64 
cerebrospinal fluid 

Abnormal 4 0 4 
cerebrospinal fluid 

Total 47 21 68 

Table 4. Clinical follow-up 

No.of 0/0 
patients 

Total group 68 100 
Remain alive in remission 53 78 
After treatment cessation 24 45.3 
Death 15 22 
Abnormal CT brain scan 21 31 
Remain alive in remission 20 95 
After treatment cessation 13 65 
Death 1 4.8 
Abnormal cerebrospinal fluid 4 6 
Remain alive in remission 2 50 
After treatment cessation 0 0 
Death 2 50 

disease was diagnosed. Treatment was com
pleted in 13 of these patients. Two of 4 chil
dren with spinal fluid abnormalities are 
alive and are on a maintenance therapy. Two 
remaining children died in the course of the 
disease (Table 4). 

Discussion 

CNS leukemia produces minimal signs and 
symptoms in the majority of cases. Neuro
logic examination, spinal puncture and CT 
scan or magnetic resonance imaging (MRI) 
are done routinely at the moment of diagno
sis ofleukemia [10]. 

CNS abnormalities on CT scan are detect
ed in 18% to 62% of children with leukemia 
at this time [5, 11-15]. In our studies CT ab
normalities of the brain were detected in 
31 % of patients and most of them presented 
as cerebral atrophy. Numerous studies have 
been published on the relationship between 
CT abnormalities and CNS disease and poor 
outcome [11]. Not all the studies confirm 
these findings [13,17] . In our patients a cor
relation between CT and spinal fluid abnor
malities was not found. During the course of 
the disease none of children with initial CT 
abnormalities developed CNS relapse. In the 
course of the disease CNS relapse occurred 
in two children with normal CT scan at the 
time of diagnosis. 

CT is not a reliable method for CNS dis
ease diagnosis in leukemia. Performing CT 
before starting chemotherapy may be useful 
for late event evaluation in the course ofleu
kemia treatment (CNS irradiation, chemo
therapy). It allows avoiding diagnosis of 
poststeroidal cerebral atrophy in children 
with primary ventricular dilatation [16,17]. 

Irradiation and chemotherapy affect 
mainly the white matter of the brain. This is 
why MRI would be a more accurate and sen
sitive modality for CNS disease detection 
compared to CT imaging [18-20]. 
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Abstract 

Background. The reported results of autolo
gous bone marrow transplantation (ABMT) 
in childhood AML differ widely. The event 
free survival (EFS) in different pediatric 
studies ranges from 21 to 87%. In two CCG 
trials (USA) the EFS worsened from 51 % in 
1993 to 36% in 1996. In a short series of Bo
netti (l995), all 10 patients are alive relapse
free after ABMT. We here report on the re
sults of the East German cooperative AML 
trial 1987-1992. 

Patients and Methods. In a nonrandomized 
fashion 41 patients with high risk AML in 
first CR were treated with maintenance 
chemotherapy (l2 pts.), alloBMT (8 pts.) or 
ABMT (21 pts.) respectively, after BFM 
based induction/consolidation therapy, an 
8-week course ofIDMTX (1 g MTX/ 36 h x 4) 
and a 5-day intensification. Bone marrow for 
ABMT was harvested at various times of re
mission (3 to 62 wks.). The conditioning reg
imen consisted of busulfan (16 mg/kg) and 
cyclophosphamide (50 mg/kg x 4). After he
matologic recovery auto grafted patients re
ceived a maintenance therapy (thioguanine, 
MTX) for 1 year. 

Results. The pEFS after 5 years is 45% in the 
chemotherapy group, 63% in the alloBMT 
groups and 71 % in the ABMT group, respec
tively. There was no transplantation related 

mortality in the ABMT group. In 11 patients 
bone marrow was harvested after 3 to 15 
wks. of remission. In this group 5 pts. re
lapsed. In 10 pts. bone marrow was harvest
ed after 30 wks. of remission with only one 
relapse. 

Conclusions 
1. The results of ABMT in patients with high 

risk AML in first CR in our group are en
couraging. 

2. Bone marrow should not be harvested in 
early remission (in vivo purging effect). 

3. Because of the different pretreatment the 
results of ABMT in first CR of various in
vestigators are not comparable. 

4. If the event free interval in the high risk 
group of the current BFM AML 93 proto
col does not exceed 50%, our BFM AML 83 
based results should be confirmed in a 
prospective randomized manner in the 
next BFM AML protocol. 

Introduction 

Acute myeloid leukemia (AML) in children 
requires intensive, almost myeloablative in
duction therapy for achieving a remission. 
Improvement in both remission rate and 
long term survival has been slow and not as 
impressive as in acute lymphoblastic leuke
mia. More aggressive induction chemother
apy has led to remission rates of 70 to 90% of 
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patients (1-5). However, many children in 
complete remission (CR) experience relapse 
of disease so that the survival rate is approx
imately 40 to 50% at 5 years. 

Several strategies have been explored to 
avoid the leukemic relapse, including inten
sive postremission therapy/maintenance 
therapy and allogeneic or autologous bone 
marrow transplantation. Among these strat
egies' allogeneic bone marrow transplanta
tion (alloBMT) is associated with a consider
able procedure related morbidity and mor
tality, but has a maximal antileukemic effect. 
Therefore alloBMT in first CR is regarded as 
the treatment of choice for young patients 
with AML who have an HLA -compatible sib
ling donor. However, only one third of pa
tients with AML who achieve CR will have a 
suitable matched donor. So autologous BMT 
(ABMT) is frequently proposed as "mega
dose" therapy with stem cell rescue for chil
dren who lack a histocompatible donor. 

The reported results of autologous bone 
marrow transplantation in childhood AML 
are extremely different. The event free survi
val (EFS) in different pediatric studies rang
es from 21% [6] to 61% [7],63% [8],75% [9] 
and 87% [10]. In two CCG trials (USA) the 
EFS worsened from 51 % in 1993 to 36% in 
1996 [11, 3]. In a shot series of Bonetti [12] 
all 10 patients are alive and free from relapse 
after ABMT. 

In 1987 the East German Pediatric Coop
erative AML group started the second AML 
protocol (AML III87). In this protocol pa
tients with high risk for relapse (see Table 1) 
with a suitable donor received an alloBMT in 
first CR. Patients without donor were offered 
autologous BMT or further chemotherapy 
in a nonrandomized fashion. 

We here briefly report the results of the 
chemotherapy and BMT groups with special 
regard for the results of autologous BMT. 

Patients and Methods 

Diagnosis 

The diagnosis of de novo AML was based on 
the criteria of the French-American-British 
(FAB) cooperative group [13-15]. According 
to slightly modified BFM 83 criteria [16] pa-
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Table 1. Acute myeloid leukemia. Risk factors: AML 
II/87 

FAB 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
Ml,2 + 4 

Auer neg. + leucocytes > 20 x 10911 
Auer neg. + leucocytes > 20 x 10911 
? 
Eo < 3%. + leucocytes > 20 x 10911 
All patients 
All patients 
All patients 
> 80 days till first remission 

tients were assigned to standard or high risk 
group for relapse (see Table 1). 

Chemotherapy 

All patients received an intensive BFM 83 
based induction and consolidation therapy 
as previously described [1]. Briefly, patients 
with more than 20 x 109!1 leucocytes re
ceived a pretreatment with low doses of thi
oguanine and ara-C for up to 7 days. 

Induction therapy consisted of a seven 
day course of prednisolone, thioguanine, 
ara-C, adriamycin and VPI6. The 6-week 
consolidation protocol started between day 
21 and 28 and consisted of prednisolone, 
vincristin, adriamycine, thioguanine and 
ara-C. After 2 weeks rest the patients re
ceived thioguanine and four times interme
diate dose MTX (1 g MTX/m2 over 36 h with 
leucovorin rescue) over 8 weeks. After an
other 2 weeks rest the patients received a 5-
day reinduction with adriamycin, ara-C and 
thioguanine. Patients in the chemotherapy 
group received a maintenance therapy with 
thioguanine daily and 4 days ara-C monthly 
and CNS irradiation (18 Gy). Patients with 
alloBMT received no further chemotherapy. 
After ABMT a 12-months maintenance ther
apy with thioguanine and weekly MTX for 1 
year was started after complete hematologi
cal recovery. 

Response Criteria 

CR was defined as disappearance of clinical 
signs ofleukemia, marrow showing matura
tion of all cell lines and fewer than 5% blast 
cells. Relapse was defined as more than 5% 
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Fig. 1. Pediatric AML-Study I1187 - East Germany. EFI. BMT vs. Chemotherapy (HR; 182 d in Remission) 

blasts in the bone marrow or the presence of 
extramedullary disease. 

Patients 

From January 1987 to December 1992 out of 
41 patients with high risk criteria 12 patients 
were treated with chemotherapy and eNS ir
radiation (I8 Gy), 8 patients with HLA 
matched siblings received an alloBMT. In the 
group of 21 ABMT patients were included 2 
patients with AML as a second malignancy, 1 
patient with incomplete AML therapy and 2 
patients with a longer or insufficient pre
treatment. 

Bone Marrow Harvest 

Bone marrow was collected at various times 
in remission. The earliest time was two 
weeks after the end of the first consolidation 
therapy. 

Bone marrow was obtained by aspiration 
from the dorsal iliac crests under general an
esthesia. For both allogeneic and autologous 
BMT we collected 3 to 5 X 108 mononuclear 
cells I kg body weight of the recipient. For al
logeneic BMT the marrow was infused im
mediatly after harvesting. Bone marrow 
processing and cryopreservation for autolo
gous BMT was described elsewhere 117,18). 

All patients were autografted with unpurged 
marrow. 

Supportive Care 

All transplanted patients were nursed in 
laminar air flow rooms and received total 
decontamination. Trimethopriml sulfamer
acin therapy to prevent Pneumocystis cari
nii pneumonitis was given from day - 14 to 
day + 180. 

Conditioning Regimen and GVHD Prophylaxis 

Cytoreduction for BMT in first CR was simi
lar for patients transplanted allogeneic or 
autologous and consisted of busulfan 4 mg I 
kg x 4 days and cyclophosphamide 50 mg I 
kg x 4 days. Prophylaxis for graft versus host 
disease in patients with allogeneic BMT con
sisted of MTX and prednisolone, since 1989 
of cyclosporine A, MTX and prednisolone. 

Statistical Analysis 

Event free interval (EFI) in the chemothera
py group and event-free survival (EFS) after 
BMT were calculated by the product limit es
timates of Kaplan and Meier [19). 
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Table 2. Results of allogeneic and autologous BMT 

Allogeneic Autologous 

No. of patients 

BMTrelated 
deaths 

Relapses after 
BMT 
Time to relapse Range 
(months) 
Time to relapse Median 

In CR after BMT 
In CR after BMT Range 
(months) 
In CR after BMT Median 

pCCR 

Results 

BMT BMT 

8 21 

2 o 

6 

10 2-26 

10 7 

5(=63%) l3(=62%) 
42-95 45-101 

83 73 

0.63 0.71 

The overall results of chemotherapy (high 
risk group), allogeneic and autologous BMT 
are illustrated in Fig. 1. Table 2 summarizes 
the results of allogeneic and autologous 
BMT. 

Chemotherapy group 

In the chemotherapy group, 6 of 11 high risk 
patients relapsed and died. 5 patients are in 
CCR 33 to 81 months after remission (me
dian: 59 months). The event free interval 
(EFI) in this group is 0.45 (SD = 0.15). 

I I 

Table 3. Characteristics of transplanted bone marrow 

Allogeneic Median 
BMT Range 

Autologous Median 
BMT Range 

Allogeneic BMT 

MNC CFU-GM 
x lOB/kg x 104/kg 

body weight body weight 

4.47 
0.90-7.62 

2.08 
0.18-4.86 

57.50 
1.50-186.0 

1.46 
0.10-18.38 

Eight patients received an allogeneic BMT in 
first CR. The numbers of transplanted 
mononuclear cells and CFU -GM, respective
ly, are shown in Table 3. Of these 8 patients 2 
died of transplantation related complica
tions. One patient relapsed 10 months after 
transplantation,S patients are living in com
plete remission 42 to 95 months after BMT 
(median: 83 months). The EFS in this group 
is 0.63 (SD = 0.17). The Kaplan-Meier plot of 
this group is illustrated in Fig. 1. 

Autologous BMT 

Twenty one children received an autologous 
BMT in first CR. The numbers of reinfused 
mononuclear cell and CFU -GM, respective
ly, are shown in Table 3. 

Time of Bone Marrow Collection and Relapse 
Rate. In 11 children bone marrow was 
harvested between 3 and 15 weeks in remis-

o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 

BM·HARVEST (WEEKS AFTER 1CR) 

CR1 ~ PATIENTS IN CR AFTER ABMT 

, PATIENTS WITH RELAPSE AFTER ABMT 

Fig.2. AML-Study II/87: Correlation of duration of CCR; bone marrow harvesting and probability of relapse 
after ABMT 
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sion (early harvest). In this group 5 patients 
relapsed and 6 are in CCR. In 10 patients 
bone marrow was harvested between 30 
and 70 weeks in remission (late harvest). 
Only one patient in this group relapsed 
(Fig.2). 

Because the date of remission is often not 
exactly to define, we analysed in a second 
step the correlation between the time from 
diagnosis to bone marrow collection and re
lapse rate (Figs. 3 and 4). In 11 children the 
bone marrow was harvested between 12 and 
30 weeks from diagnosis (early harvest). 
Five of these patients relapsed. In the group 
of 10 patients in whom bone marrow was 

harvested more than 38 weeks after diagno
sis there was only one relapse. 

Late Effects of Autologous BMT. None of the 
autografted patients experienced late cardiac 
or pulmonary complications. Two patients 
suffer from diffuse alopecia as a consequence 
of busulfan therapy. Late endocrinological 
sequelae are under investigation. 

Discussion 

In contrast to childhood ALL the results of 
chemotherapy in children with AML only 
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slightly improved in the past 20 years. It is 
generally agreed that early intensive chemo
therapy is necessary to achieve high com
plete remission rates in AML patients. The 
relative roles of intensive continuation ther
apy, allogeneic and autologous BMT in chil
dren with AML in first CR remain controver
sial. 

In this report we give a short update of our 
results with chemotherapy, allogeneic and 
autologous unpurged bone marrow trans
plantation in children with high risk AML in 
first CR and focus on the results of autolo
gousBMT. 

According to the results of the AML-BFM 
83 protocol Creutzig et al. [16] could identify 
two risk groups. The risk group I had an EFS 
of more than 80% and the risk group II an 
EFS of less than 45%. The East German AML 
protocol I1187 is based on this protocol. 
Therefore we adopted this risk definition 
with only slight modifications (Table 1). 
BMT was only offered to patients with high 
risk for relapse. In other series [8,10,11] all 
patients with AML were included in the re
spective transplantation programs. 

The EFS from the time of remission in the 
chemotherapy group is 0.42 (SD = 0.14). To 
make this group comparable to the trans
plantation groups we only evaluated pa
tients who were 6 months in CR. The EFS of 
these patients is 0.45 (SD = 0.15). 

Of the 8 patients with allogeneic BMT 5 are 
in CCR with an EFS of 0.63 (SD = 0.17). Cur
rent results of other groups show that 50-
70% of young patients with AML who under
go allogeneic BMT in first CR experience 
prolonged EFS and may be cured [21-23]. 

In our study, ABMT results were remark
ably good. The EFS for 21 children is 0.71 
(SD = 0.10). It is noteworthy that none of our 
autografted patients died of ABMT compli
cations. In contrast to most other groups our 
autologous transplanted children received 
maintenance therapy with thioguanine and 
MTX for 1 year as an equivalent for a theo
retical graft versus leukemia effect in allo
grafted patients. 

Six patients relapsed after ABMT, at a me
dian time of7 months (range 2 to 26). We an
alyzed the correlation between the time 
from diagnosis to bone marrow harvest and 
the relapse rate. In five of 6 children who re-
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lapsed the bone marrow was collected in the 
first 6 months of therapy. After this time only 
one out of 10 children relapsed. This obser
vation was previously made by other investi
gators too [8, 24] and has been defined as in 
vivo marrow purging. It is uncertain as to 
whether any ex vivo bone marrow purging 
may be avoided with this approach. In most 
series ex vivo purging was associated with 
impaired hematopoietic reconstitution [8, 
10]. It also is unknown if the good results 
with ABMT could be reproduced with autol
ogous peripheral blood stem cells. 

Conclusions 

The reasons for the extremely different re
sults of ABMT are different pretreatment 
characteristics. Therefore the results are not 
comparable. In contrast to other investiga
tors our encouraging results of ABMT are 
based on a patients' population with a bad 
prognosis. 

Our results are based on a AML-BFM 83 
derived protocol in a nonrandomized study. 
They should be confirmed in a prospective 
randomized manner in the next BFM AML 
protocol. 
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Risk Factors for Survival in Children with Refractory AML Treated 
According to AML Relapse Strategies 
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and K. STAHNKE3 

Abstract. About one third of the children 
treated within the national studies for AML 
in Germany (BFM studies) experience re
currence of their disease. In order to esti
mate the value of intensive salvage therapy 
for children with AML, we analysed the re
lapse regimens of the BFM study group for 
outcome and risk factors. 

Patients and Treatment. 102 patients (pts.) 
with first relapse of AML were treated ac
cording to BFM relapse strategies: study 
REZ91 with double induction (mitoxan
trone [MITOXj/vP-16 twice, 15 pts.), study 
REZ93 with induction MITOX/vP-16 plus 
HD-Ara-C/MITOX (HAM, 28 pts.) followed 
by a 6-week consolidation and either alloge
neic or autologous bone marrow transplan
tation (BMT). Another 59 patients received 
either elements of these protocols or other 
intensive salvage therapy. 

Results. Time to relapse was in median 1.1 
years, range 0-15 years. Fifty-two of 102 pa
tients (51 %) achieved 2nd remission (CR), 10 
(10%) partial remission, 37 (36%) were non
responders, and 3 (3%) died early during sal
vage therapy. Twenty-seven were alive, in 
median 2.5 years, range 0.4-7.0 years after re
lapse, overall survival was 21 %, SE 5% after 5 
years. The response and survival rate was 
similar in all treatment groups. MITOX/VP-
16 induction was well tolerated: 6 of 26 pa-

1 University Children's Hospital Miinster, Germany 
2 University Children's Hospital Miinchen, Germany 
3 University Children's Hospital Ulm, Germany 
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tients in study REZ93 suffered severe infec
tions after 1st induction, compared to 9 of 12 
patients after HAM. Fifty patients were 
transplanted,43 in 2nd CR, and 7 with resid
ual blasts; 27 patients received an allograft: 
Twenty-one from a matched sibling (MSD), 1 
from a haploid and 5 from a matched unre
lated donor (MUD); 23 received an autograft. 
Results were poor for patients in partial re
mission, however, promising for autologous 
BMT in 2nd CR with 10 of22 patients surviv
ing. Seven of 16 were alive after MSD in 2nd 
CR and 1 after haploid BMT, 4 of 5 patients 
died after MUD BMT. Multivariate risk factor 
analysis for survival after relapse revealed 
duration until relapse to be the most impor
tant factor. The maximum risk-ratio was ob
tained with a threshhold value of 1.5 years af
ter diagnosis resulting in a 5-year survival of 
10%, SE 4% for early relapse, and 40%, SE 
10% for late relapse, p logrank 0.0001. 

Conclusion. Second CR can be achieved in 
half of the patients, however, only children 
with late relapse (> 1.5 years after diagnosis) 
have a realistic chance to be cured. 

Introduction 

About 20% of children with de novo AML do 
not achieve remission and nearly 30% re
lapse. Relapse in AML is in itself the most 



important factor indicating an unfavorable 
outcome. However, with intensive salvage 
therapy these patients can achieve remis
sion again, and at least some of them have a 
second chance of cure [1]. 

The aims of our study were to analyse 
prognosis after intensive salvage therapy 
and the influence of the factors leukocyte
and thrombocyte count, hemoglobin, pe
ripheral blasts, FAB type (all factors initially 
and during relapse) and duration until re
lapse on outcome of children with first re
lapse of AML. 

Patients and Methods 

From February 1988 until July 1996, 134 chil
dren suffering from first relapse of AML 
were reported to the study center of the 
AML-BFM group in Miinster. Twenty-eight 
of 134 patients relapsing were treated pallia
tively and 4 transplanted without attempt
ing to induce a 2nd remission prior to bone 
marrow transplantation (BMT). These chil
dren were excluded from the analysis. 

Treatment During Relapse (Fig.l) 

Treatment in relapse study 91(REZ-91) con
sisted of double induction with mitoxan-

I 
~ 
~ 

trone (MITOX), VP-16 (MITOX lOmglm 2/d 
day 1 and 2 + VP-16 100 mglm 2/12h days 
1-6). In relapse study 93 (REZ-93) first in
duction with MITOXIVP-16 was followed by 
high dose Ara-C/MITOX (HAM) with Ara-C 
3 g/m2 112h, days 1-3 + MITOX lOmglm 2/d, 
day 3 and 4. In both studies a subsequent 
6-week consolidation and either allogeneic 
or autologous BMT or maintenance therapy 
was added. The conditioning regimen for 
autologous BMT consisted of busulfan (16 
mg/kg) together with VP-16 (50 mg/kg). 

Fifty-five of the patients evaluated re
ceived elements of these protocols, e.g. HAM 
twice or high dose Ara-CIVP-16 or similar 
intensive induction regimens, like IDA
FLAG [2]. 

Statistics 

Survival was calculated from date of diagno
sis to death of any cause or last follow-up. 
The Kaplan-Meier method [3] was used to 
estimate survival rates with comparisons 
based on the two-sided log-rank test. Time 
to relapse was measured from diagnosis and 
not from the date of 1st remission (CR). The 
day of CR was often difficult to specify since 
chemotherapy was continued even if the 
neutrophils criterion of peripheral remis
sion (> 1500lfll neutrophils) was not ful-

EJ Consolidation Autolog. 
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Maintenance 
Therapy 1 year 

BMA! 
CSFtap BMA 
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Fig.l. Treatment plan of relapse study AML BFM REZ-93; autolog. autologous; allog. allogeneic; BMA bone 
marrow aspiration; BMTbone marrow transplantation; CSF tap cerebral spinal fluid tap; lND induction 

811 



filled. For analysis of risk factors a CART
(Classification And Regression Trees) analy
sis was performed [4,5]. All quantitative var
iables suspected to have an influence on sur
vival where scanned for a threshhold value 
which divided the 102 intensively treated pa
tients into two subgroups with the highest 
risk-ratio, a minimum p-value below 0.01 
and a minimum group size of 20 patients. 

Results 

Patient Data 

The FAB types of the 102 children treated in
tensively according to our relapse strategies 
are shown in Table 1. Their distribution in 
patients with relapse was different com
pared to de novo AML, mainly due to the 
higher percentage of M5 types (31% com
pared to 23% in de novo AML), reflecting the 
relatively high risk of relapse in the FAB 
types of the high risk group [6,7]. 

The median age was 8.1 years, range 1 to 
19 years. Initially most of the children had 
been treated according to study BFM-87 [8] 
(71 patients) or study BFM-93[9] (26 pa
tients), and 5 patients with other intensive 
induction regimens. 

Table 1. Patients treated after relapse 

~tiffib n 
Total 102 

Age (years) median 
range 

FABtypes 

First -line treatment 

Time to relapse 
since diagnosis 
(years) 

812 

8.1 
1-19 

MO 
M1 
M2 
M3 
M4 
M5 
M6 
M7 

BFM87 
BFM93 
other 

<0.5 
0.5-l.0 
l.0-1.5 
l.5-2.0 
2:2.0 

3 
11 
28 
3 

19 
31 

2 
5 

71 
26 
5 

9 
36 
18 
16 
23 

% 

3 
11 
28 

3 
19 
30 
2 
5 

70 
25 
5 

9 
35 
18 
16 
23 

Table 2. Results after relapse treatment 

Therapy n ED NR PR CR Alive 

Intensive 59 21 5 32 13 
(54%) (22%) 

REZ1 15 6 2 6 5 
( 40%) (33%) 

REZ93 28 10 3 14 9 
(50%) (32%) 

Total 102 3 37 10 52 27 
(51 %) (26%) 

Abbreviations: ED = early death, NR = nonresponse, 
PR = partial remission, CR = complete remission. 

Treatment Results (Table 2) 

Fifty-two of 102 (51 %) patients achieved re
mission (CR) after one or two induction 
courses. Three (3%) patients died early dur
ing induction. Thirty-seven were nonre
sponders (36%) and 10 (10%) achieved par
tial remission. Overall 27 of 102 patients 
(26%) were alive in median 2.5 years (range 
0.4 -7.0 years) after relapse. Overall survival 
was 21 %, SE 5% after 5 years (Fig. 2). 

Efficacy of Various Therapeutic Regimens 

All of the different treatment modalities in
duced similar response and survival rates 
(estimated probability of 5-year survival: 
REZ-91 0.24, SE l3%; REZ-93 0.28, SE 0.9%, 
other intensive regimens 0.20, SE 0.6%). 

A total of 50 patients had been transplant
ed, mainly in 2nd CR (Table 3). All of the 7 
patients transplanted in partial remission 
died from BMT-related complications or re
lapse. Seven of 16 patients transplanted 
from a matched sibling donor in 2nd CR 
were still alive, with a longer duration of 2nd 
remission than initially. In contrast only 1 of 
5 patients survived after unrelated BMT. Ten 
of 22 patients receiving an autologous trans
plantation in 2nd CR stayed alive, 4 of them 
with a longer 2nd remission. Another 7 pa
tients remained in CCR without BMT after 
intensive chemotherapy, with 4 of them ex
periencing a longer duration of 2nd remis
sion than initially. 



All Patients (N=102, 75 events) 
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0.6 
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0.1 
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Fig.2. Probability of survival after first relapse of 102 patients with AML receiving intensive treatment. Slash 
indicates patients alive 

Table 3. Results after BMT and chemotherapy only 

BMT n TRD 2. Alive 
Relapse 

MSD 2.CR 16 3 6 7 (7)a 
PR 5 1 4 

MUD 2.CR 1 
Haploid. BMT 2.CR 1(1)" 

Autolog. BMT 2.CR 22 2 lO 10 (4)a 
PR 1 1 

TotalBMT 50 8 23 19 (12)a 

Chemotherapy only 2.CR 10 3 7 (4)a 

a Indicates the number of patients with a longer du
ration of second remission than initially. 
Abbreviations: BMT = bone marrow transplanta
tion, CR = complete remission, PR = partial remis
sion, MUD = matched unrelated donor, MSD = 
matched sibling donor, haploid. = haploidentical, 
TRD = treatment related death. 

Risk Factors 

Risk factor analysis for survival after relapse 
revealed the duration until relapse to be the 
most important factor. The best threshhold 
value was 1.5 years after diagnosis, resulting 
in a 5-year survival of 10%, SE 4% for early 
relapses and 40%, SE 10% for late relapses 
(p-logrank test O.OOOI,Fig. 3). Most of the re
lapses occurred during the first 18 months 
(N = 63,62%). Time to relapse was in median 
1.1 years, range 0-15 years. 

The influence of time to relapse on the CR 
rate is shown in Fig. 4. A significant rise in 
CR rate can be noted with increasing dura
tion of first remission. Overall, the CR rate 
was 50%. In children relapsing after more 
than one year the CR rate exceeded 70%. Fig
ure 5 demonstrates the increase in the survi
val rate depending on the duration until re
lapse. 

813 



p 

0,8 

0,7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

. 
" . 
'. 

" , , , 

--- Diag.-Rel. <1.5 Y. 
-----. Diag.-Rel. ~115 Y. 

(N= 63, 
(N= 39, 

55 events) 
20 events} 

, -'~../J, 
" 

VL 
: ___ ~L_L.~~./ ____ ../.. __ , 40 SE 10 , . , =. 

:_L ____ L L _____ ../ 

Log-Rank p = .0001 .10, SE=.04 
0.0'r---~ ............. ~..........,-~ ........... -~.......,...--........,......~---....---.....,. 

o 2 3 4 5 6 7 
years 

Fig.3.Probability of survival of 63 patients with early relapse « 1.5 years after diagnosis) compared to 39 pa
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Toxicity 

Three patients died during induction from 
measles related pneumonia (1 pt.) or sepsis 
in aplasia. 

Severe infections occurred in study REZ-
93 in 6 of 22 patients during first induction 
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with MITOX/VP-16, and more often (9 of 
12 patients) after the 2nd induction with 
HAM therapy. The incidence and severity of 
toxicity during first induction was compar
able to that ob-served during induction 
treatment of study AML BFM -93 for de novo 
AML. 

2 3 Fig.4. Influence oftime to re-
lapse on the probability of 

time to relapse (years) achieving remission 
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Fig.5. Influence of time to re
lapse on the probability of 
survival 

Discussion 
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Although results of first-line treatment in 
children with AML have substantially im
proved during the last 15 years, nearly half of 
the patients achieving CR still relapse [10]. 
Prognosis after relapse is generally poor due 
to the development of drug resistance [11]. 
Therefore, mainly different and more toxic 
therapy elements including new agents or 
higher dosages of drugs known to be effec
tive in relapsed AML were given. Further in
tensive therapy necessary to maintain re
mission was often administered as allogene
ic or autologous BMT. 

The aim of our analysis was to evaluate 
not only the outcome after relapse according 
to treatment modalities, but also factors in
fluencing prognosis after relapse. 

These data show: 
1.An overall CR rate of 50% achieved with 

different intensive chemotherapy courses, 
comparing favorably with other studies of 
children with relapse of AML [12, 13]. 
These results may be attributed to the effi
cacy of our two-drug regimen like MI
TOX/vP-16 and HAM. The majority of pa
tients had not been treated with the com
bination of high dose Ara-C/MITOX 
(HAM) during first-line treatment (study 
AML BFM 87). Furthermore, the good re
sponse may be dose-related to the 1000 
nWn 2 VP-16 dosage over 5 days, consid
ering the lower VP-16 dosage applied dur
ing first-line treatment in these patients. 

2. A 5-year survival was seen in 21 % of all 
patients. For those achieving CR, survival 

1 2 3 
time to relapse (years) 

increased to 42% by further treatment 
with allogeneic or autologous BMT or 
continuous chemotherapy. A better out
come compared to the 3- to 5-year survi
val of 10% reported in children [13] and 
adults [14]. 

3. Results after BMT were favorable in pa
tients achieving a confirmed second re
mission, in contrast to the poor results of 
patients with partial response. The 5-year 
survival was similar for allogeneic or au
tologous BMT, which may be explained by 
the higher transplant-related mortality in 
allogeneic BMT (19%) compared to 9% af
ter autologous BMT, thus neutralizing the 
better antileukemic effect of allogeneic 
BMT. In addition patient numbers were 
small in both groups and so far, only in pa
tients allografted, duration of 2nd remis
sion exceeded that of 1st remission (Table 
3). 

4. The most important factor influencing 
survival was the duration until relapse. 
Clearly demonstrating the dependency of 
outcome on the duration of first remis
sion. This finding corresponds with previ
ous reports by Kantarjian et aI., Hidde
mann et aI., and Estey et ai. [14, 15] in 
adults with AML. Recently, Tomas et ai. 
[16] could demonstrate in young adults 
achieving a 2nd remission after relapse, 
that duration of first remission was the 
main factor influencing final outcome af
terBMT. 

Our results in more than 100 children with 
first relapse of AML after similar first-line 
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treatment regimens may influence the clini
cal management of children withAML. Chil
dren with late relapse of AML have a 2nd 
chance of cure with intensive chemotherapy 
either followed by allogeneic or autologous 
BMT or by further intensive chemotherapy. 

Experimental drugs should be used main
ly in the treatment of early relapses since 
70% of patients with late relapses achieve re
mission with most of the intensive induction 
regimens applied by therapy trials. However, 
more intensive induction courses including 
non-cross-resistant drugs may have an im
pact on the quality of remission (eradication 
of residual blasts), and hence influence the 
final outcome after BMT regimens. 

Another interesting finding, which needs 
to be investigated further, is the remarkable 
biology of late relapsed AML, sustaining it's 
disease sensitivity to chemotherapy [15] 
thus contradicting the general hypothesis of 
multidrug resistance of refractory leukemia 
[17]. 

More studies are also necessary to identi
fy patients at high risk for late relapse al
ready during first remission. And, by im
proving first -line chemotherapy eradicating 
the residual leukemic clone during intensifi
cation or maintenance therapy, late relapses 
may be avoided. 
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Abstract. HAM as a combination of high
dose AraC and mitoxantrone produced 53% 
complete remissions in patients with refrac
tory AML according to rigid criteria. Its se
quential version S-HAM even proved suc
cessful in salvage treatment for patients pre
treated with HAM. In first line treatment 
TAD-HAM double induction improved the 
long term remission rate by more than 10% 
over that following conventional induction. 
As part of postremission therapy one single 
course of S-HAM given after TAD consolida
tion exhibited an antileukemic long term ef
fect equivalent to that from prolonged main
tenance treatment. With 38% long-term dis
ease-free survival on the basis of intent to 
treat in patients < 60 years S-HAM ranges 
among the most effective intensification re
gimens. 

The principle of intensified therapy of 
AML has recently found support by demon
strating dose effects of induction [1,2] and 
postremission [3,4] chemotherapy on pati
ents outcome. 

Escalation to high-dose AraC is an ap
proach to overcome cellular resistance 
against this substance and proved active as a 
single drug treatment in refractory AML [5]. 
A similar single drug salvage effect was 
shown for mitoxantrone [6]. The HAM com
bination was designed in order to combine 
both single drug effects. In addition, by its 
special timing the regimen utilizes an accu
mulation ofleukemic cells in S-phase [7] as a 
conditioning effect to subsequently given 

anthracyc1ines. Actually, HAM (AraC 3 g/m2 
q 12 h x 8 + Mitox starting day 2 or 3, 12 
mg/m2/d x 3 escalating to 10 mg/m2/d x 4 
and to x 5) produced complete remissions in 
53% of patients who were refractory to two 
courses of TAD conventional dose induction 
therapy or relapsed within 6 months or re
lapsed later and were resistant to again re
ceiving TAD [8]. 

After proving successful in salvage treat
ment HAM (AraC 3 g/m2 q 12 h x 6 with Mit
ox 10 mg/m2 d 3-5) was introduced into first 
line treatment and incorporated into the 
double induction strategy. Preceding the 
AMLCG specific TAD consolidation and 
prolonged maintenance the sequence of 
TAD-HAM double induction in patients 
aged 16-60 years resulted in a 71 % CR and 
35% 5 year disease-free survival. When ran-

Table 1.Response to double induction TAD-TAD ver
sus TAD-HAM 

TAD-TAD TAD-HAM P 

All patients 360 365 
CR 65% 71% n.s. 
Patients with 33 30 
> 40 % b. m. blasts 
after 1 st course 
CR 25% 45% .03 
Patients with 22 20 
unfavorable 
karyotype 
CR 36% 70% .029 
CCR5Y 0 21 % n.s. 
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Fig. 1. AMLCG study on double induction in patients aged 16-60 years randomly comparing the two sequen
ces TAD-TAD with TAD-HAM. Disease-free survival with tick marks indicating patients alive and in remis
sion 

~ 
.~ 

:::J 
C/) 

Q) 

~ 
u. 
Q) 
II) 

tV 
Q) 
(/) 

(5 
..... 
c:: 

~ 
Q) 
a.. 

100 

75 

50 

25 

Standard : N = 111 
S-HAM : N = 113 

p = .39 

o~------~--------~------~-------,--------, 

o 2 3 4 5 
Years since CR 

Fig. 2. AMLCG study randomly comparing postremission treatment by TAD consolidation and prolonged 
maintenance (standard) with TAD consolidation followed by one course of S-HAM instead of maintenance. 
Disease-free survival in patients aged 16-60 years with tick marks indicating patients alive and in remission 

822 



domly compared with the TAD-TAD se
quence TAD-HAM was superior in patients 
with> 40% residual bone marrow blasts af
ter the first induction course [1] and in pati
ents with unfavorable karyotype [9] (Table 
1). While more patients - especially in high 
risk groups - went into remission after TAD
HAM the overall disease-free survival was 
not clearly different between TAD-HAM and 
TAD-TAD with 32% patients alive and in re
mission at five years (Fig. 1). 

Based upon AraC selfpotentiating effects 
[10, 11] HAM was further modified in a time 
sequential fashion (S-HAM, AraC day 1-2 
and 8-9 + Mitox day 3-4 and 10-11) where it 
produced 64% CR in patients with relapsed 
and refractory AML half of them pretreated 
by non -sequential HAM [12]. 

Incorporated into first line treatment s
HAM has been administered as second con
solidation course instead of prolonged 
maintenance. In patients aged < 60 years the 
three year disease-free survival is similarly 
35% in the S-HAM and in the maintenance 
arm suggesting equivalent long-term effects 
[13] (Fig. 2). On the other hand, S-HAM in 
this position was followed by a long lasting 
myelosuppression with a median recovery 
time of neutrophils and platelets as long as 
six weeks from the end of S-HAM. Thus, s
HAM intensified consolidation after TAD
HAM induction and TAD consolidation re
quires support by autologous stem cell rein
fusion in order to improving its practicabili
ty. 

In summary, HAM and his modification 
S-HAM have been increasingly established 
as regimens with high antileukemic activity 
non-cross resistant with standard dose com
binations. A new trial by AMLCG will inves
tigate S-HAM as part of an escalating conso
lidation strategy with autologous stem cell 
transplantation. 

References 

1. Buchner T, Hiddemann W, Li:iffler H, et al. (1994) 
Double induction in AML comparing high with 
standard dose Ara-C. Hematotoxicity and anti
leukemic efficacy. Blood 84 (suppll):232a 

2. Bishop JF, Matthews JP, Young GA, et al. (1996) A 
randomized study of high-dose cytarabine in 
induction in acute myeloid leukemia. Blood 
87:1710-1717 

3. Buchner T, Urbanitz D, Hiddemann W, et al. 
(1985) Intensified induction and consolidation 
with or without maintenance chemotherapy for 
acute myeloid leukemia (AML): two multicenter 
studies of the German AML Cooperative Group. 
J Clin Oncol,3:1583-1589 

4. Mayer RJ,Davis RB, Schiffer CA, et al. (1994) In
tensive postremission chemotherapy in adults 
with acute myeloid leukemia. N Engl J Med, 
331 :896-942 

5. Willemze R, Zwaan FE, Colpin G, et al. (1982) 
High-dose cytosine arabinoside in the manage
ment of refractory acute leukemia. Scand J Hae
mato129:414 

6. Estey EH, Keating MJ, McCredie KB, et al. (1983) 
Phase II trial of mitoxantrone in refractory acu
te leukemia. Cancer Treat Rep 67:389 

7. Buchner Th,Barlogie B,Asseburg U,et al. (1974) 
Accumulation of S-phase cells in the bone mar
row of patients with acute leukemia by cytosine 
arabinoside. Blut 28:299 

8. Hiddemann W, Kreutzmann H, Straif, K et al. 
(1987) High-dose cytosine arabinoside and mit-
0xantrone: a highly effective regimen in refrac
tory acute myeloid leukemia. Blood 69:744-749 

9. Hiddemann W, Fonatsch C, Wi:irmann B, et al. 
(1995) Cytogenetic subgroups of AML and out
come from high dose versus conventional dose 
ARA-C as part of double induction therapy. 
Blood 86 (suppll): 267a 

10. Capizzi RL, Yang JI, Cheng E,et al. (1983) Altera
tion of the pharmacokinetics of high-dose Ara
C by its metabolite, high Ara-U in patients with 
acute leukemia.J Clin Oncoll:763-771 

11. Burke PJ,Karp JE, Braine HG,et al. (1977) Timed 
sequential therapy of human leukemias based 
upon the response of leukemic cells to humoral 
growth factors. Cancer Res 37:2138-2146 

12. Kern W, Schleyer E, Unterhalt M, et al. (1997) 
High antileukemic activity of sequential high 
dose cytosine arabinoside and mitoxantrone in 
patients with refractory acute leukemias: results 
of a clinical phase II study. Cancer 79:59-68 

13. Buchner Th, Hiddemann W, Wi:irmann B, et al. 
(1996) Intensive consolidation versus pro
longed maintenance following intensive in
duction and conventional consolidation in 
primary AML: a study by AMLCG. Blood 88 
(suppll):214a 

823 



Acute Leukemias VII 
Experimental Approaches and Novel Therapies 
Hiddemann et aI. (eds) 
© Springer-Verlag Berlin Heidelberg 1998 

Recent Studies in AML, RAEB-t, and RAEB at M. D. Anderson Hospital 

E. ESTEY, M. BERAN, H. KANTARJIAN, S. O'BRIEN, C. KOLLER, J. CORTES, S. KORNBLAU, 

C. DAVID, M. ANDREEFF, and M. KEATING 

Introduction 

This chapter will describe M. D. Anderson 
trials, conducted since 1995, in newly diag
nosed AML or MDS. The background for 
these trials were studies conducted between 
1991 and 1995 using (1) idarubicin (12 
mg/m2 daily days 1-3) + continuous infusion 
high-dose ara-C (1.5 g/m2 daily days 1-4), 
called lA, (2) IA + G-CSF given 1 day before, 
during, and for 3 days after completion of IA 
(IA + G), (3) Fludarabine (30 mg/m2 daily 
days 1-5) + ara-C (2 g/m2 daily days 1-5), 
called FA, (4) FA + G-CSF given 1 day before 
FA and continuing until recovery of the neu
trophil count to > 1000/IlL [FLAG], and (5) 
FLAG + idarubicin (FLAG + ida) in which 
fludarabine and ara-C were each adminis
tered for 4 days, idarubicin was given at 12 
mg/m2 daily in days 2-4, and G-CSF was giv
en as in FLAG but continued only until 8 
days after the start of chemotherapy. Pa
tients were assigned to these regimens ac
cording to their leukemia cell cytogenetics. 
Patients with an inv(16), t{8;21), or normal 
karyotype were considered as being in a 
"better" prognostic group, and those with 
abnormalities of chromosomes 5 and/or 7 or 
+ 8 in a "worse" group. Other patients were 
classified as better it they had no document
ed abnormality of blood count for 2:: 1 
month before M. D. Anderson presentation 
(AHD) and worse if they had an AHD. Pa
tients with APL were treated separately. Reg
imens given the better group were, succes-

sively, lA, FA, FLAG, and IA + G while the 
worse group successively received FA, FLAG, 
and FLAG + ida. We analyzed outcome in 
520 patients. Cox analyses indicated that, as 
previously, karyotype, AHD status, perfor
mance status, age etc were determinants of 
event-free survival, and survival. After ac
counting for these covariates IA,IA + G, and 
FLAG gave equivalent results while FA and 
FLAG + ida were worse than lA, IA + G, or 
FLAG. Of note, diagnosis, i.e.,AML, RAEB-t, 
or RAEB, had no effect on outcome with the 
possible exception that patients with RAEB
t did better [1]. At any rate, it appears that if 
patients with RAEB or RAEB-t have a poor 
prognosis if untreated, as those we treated 
did, there is no more reason not to give them 
AML-type chemotherapy than there would 
if they had AML, rather than RAEB or 
RAEB-t. 

Patients and Methods 

The 1995 studies are exploring 2 principal 
modalities, lisofylline (LSF) and all-trans 
retinoic acid (ATRA). Since IA and IA + G 
were identical, LSF is being combined with 
IA. Patients are eligible for this study if they 
have AML, RAEB-t, or RAEB, are under age 
71, have no AHD, have not received chemo
therapy, e.g., for another malignancy, and 
have normal kidney and liver function. This 
definition of a "better" prognosis group is 
thus at variance with our prior definition 
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based on cytogenetics. One advantage of the 
new definition is that patients in the lisofyl
line study are largely identical and thus easily 
comparable, to those treated on most coop
erative groups protocols. In reality given the 
close association between age andAHD stat
us on the one hand, and karyotype on the 
other, the two systems identify similar pa
tients as "better" (and therefore "worse") 
prognosis. For example, 86% of inv16 pa
tients fall into the better group with the cur
rent system and 75% of the -5, -7 patients 
into the worse group. Patients eligible for the 
LSF study are randomized to receive IA + 
LSF or IA + placebo. In CR they are separate
ly randomized to continue ara-C alternat
ing, with IA either ± ATRA. The worse group 
of patients (age> 70, with an AHD or secon
dary AML or MDS, or abnormal organ func
tion) are randomized to receive either 
a) chemotherapy alone (fludarabine + ara

C + idarubicin, as previously describe, = 
FA!), 

b) FAI + G-CSF starting 1 day before 
chemotherapy and continuing until neu
trophil recovery, 

c) FAI + ATRA 45 g/m2 daily beginning, 2 
days before, and continuing 3 days after 
completion of, FAI or 

d) FAI + G-CSF + ATRA. 

Once in CR patients continue to receive, for 6 
months, the arm assigned initially. Patients 
with APL are ineligible for the LSF or FAI ± 
G-CSF and ATRA studies. 

The rationale for use of LSF are data ob
tained in recipients of allogeneic transplants 
that, compared to placebo, LSF decreased 
major infection rate and improved 100-day 
survival rate [2]. ATRA is being used be
cause it can decrease concentrations ofBCL-
2 and BCL-XL in cultured AML cells, thereby 
increasing their sensitivity to ara-C-induced 
apoptosis and perhaps apoptosis induced by 
other drugs [3-5]. Despite its failure to equal 
the results of FLAG in the 1991-1995 experi
ence, we are using FAI + G-CSF again, be
cause we are now giving the G-CSF until 
neutrophil recovery (as with FLAG but un
like the original FLAG + ida regimen). Al
though we have conducted relatively few 
randomized studies before, at least one ob
servation suggests there may be some rea-

son for doing both the lisofylline, and ATRA 
trials in such fashion. While the proportion 
of patients with PS > 2 ranged from 13-18 
between 1991-1994, it fell to 8% in 1995 and 
6% in 1996 (p < 0.01). While it may be that 
the proportion of patients with worse PS has 
decreased, it is also possible that patients 
with PS > 2 as assessed in 1991-1994 are be
ing assessed as PS < 3 currently. Since PS > 2 
is a powerful predictor of outcome, the cur
rent patients could be concluded to be doing 
worse than previous patients if in fact the 
change in PS is artifactual and if trials were 
not being done in randomized fashion. 

Results 

The IA ± LSF and IA ± ATRA trials are cur
rently double-blinded (the former trial) or 
too early (the latter) so the focus will be on 
the "4-arm" study in worse prognosis pa
tients (FAI, FAI + G-CSF, FAI + ATRA, or FAI 
+ G-CSF + ATRA). Table 1 illustrates pre
treatment characteristics of the patients; 
20% have complex abnormalities involving 
chromosomes 5 and/or 7, and 52% have oth
er presumably unfavorable abnormalities 
including simple abnormalities of chromo
somes 5 and/or 7 (-5, -7, 7q-, 5q- as a single 
clone); 69% have an AHD and 31 % have sec
ondary AML. The 4 groups appear balanced 

Table 1 

FAl FAl FAl FAl + G 
+G +ATRA +ATRA 

PTS 27 26 24 27 
Median age 66 65 62 66 
PS>2 2" 3 0 3 
PEb 17 17 16 17 
AHD 20 18 19 15 
Prior chemoc 8 11 4 9 
AML 18 16 16 16 
RAEB-t 4 9 5 11 
RAEB 5 1 3 0 
1 Outside coursd 5 3 3 4 
Complex -5,-7 6 5 5 5 
lNV16 or t(8;21) 0 2 0 1 
Other abnormal 15 12 14 13 
Normal 6 7 5 8 

" Numbers of patients with given characteristic. 
b PE = treated in laminar air flow room. 
C For another malignancy. 
d For AML/MDS. 
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Table 2 

PTS 
CR (%) 

FAl 

27 
10 (37) 

FAl 
+G 

26 
11 (42) 

FAl FAl+G 
+ATRA +ATRA 

24 27 
13 (54) 16 (59) 

with respect to these and other prognostic 
variables. Table 2 indicates the current (as of 
1/29/97) CR rates. The CR rates for FAI + G
CSF (arms 2 and 4) vs. FAI without G-CSF 
(arms 1 and 3) are 51 vs. 45% (p = ns) while 
those for FAI + ATRA (arms 3 and 4) vs. FAI 
without ATRA (arms 1 and 2) are 40% vs. 
57% (p = 0.08, 95% CI for the difference 
[-0.02,0.36]). 

Why the seemingly higher success rate in 
the patients given FAI + ATRA? Table 3 indi
cates the causes of failure. Resistant patients 
are those in whom treatment was changed 
after 1 or 2 courses, who died on courses 2, or 
who died on course 1 with either (a) 20% 
blasts (10% MDS) in a marrow that was 
> 10% cellular on day::::: 28, (b) > 50% blasts 
(> 20% MDS) in a > 10% cellular marrow on 
day::::: 21, (c) a WBC count::::: 1500 with> 
30% blasts on day> 14 or (d) persistent cy
togenetic abnormalities on day 21 of course 
1 since this predicts for failure to respond. A 
similar number of patients eligible for 
course 2 (neither dead nor in CR after course 
1) received course 2 in the arms with and 
without ATRA, with second course CR rates 
being 3/8 in arms with, and 1/11 in arms 
without, ATRA. When recurrences are taken 
into account and resistant patients are con
sidered as those who were resistant during 
induction or whose disease recurred the 
proportion of resistant patients is as illus-

Table 3 

FAl FAl FAl FAl + G 
+G +ATRA +ATRA 

Failures 17 15 11 11 
Died days 1 1 1 4 
Died hypoplastic 1 4 1 3 
Equivocal 4 3 1 2 
"Resistant" 11 7 8 2 

" Resis. after 1 co. 
b Resis. after 2 co. 
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Table 4 

FAl FAl FAl FAl+G 
+G +ATRA +ATRA 

PTS 27 26 24 27 
Eva!. for resis. 21 17 21 18 
Resis. 11 7 8 2 

67% 71% 62% 39% 
Recurred 3 5 5 5 

Eval for resis. = PTS - ED - hypo - equivocal - death 
inCR. 

trated in Table 4. The suggestion is that the 
FAI + G + ATRA is associated with less resis
tance. Current EFS data indicate superiority 
for the arms with ATRA, with p = 0.22. 

Discussion 

We are planning to formally analyze the 
study after 116 induction responses have 
been evaluated. The study design called for 
randomization of 232 patients so as to detect 
with global p = 0.05 and power 0.80 a 20% 
absolute difference in response rate, after co
variate adjusting between the arms with and 
without G-CSF, with and without ATRA, and 
also to test for an interaction effect between 
G-CSF and ATRA. Covariates to be adjusted 
for include those illustrated in Table 1 as well 
as diagnosis, and various CBC and SMA val
ues. 

Although conclusions about the 4-arm 
study are premature, the study raises a ques
tion we are discussing among ourselves: 
should patients not in CR after one course 
get a second course of the same therapy or 
should treatment be changed? As noted 
above, 4 of 19 patients given a second course 
on the 4-arm study entered CR. These 4 dif
fered from the 15 who did not get a CR on 
course 2 in having had a better response to 
the first course (e.g., all 4 had decreases in 
marrow blasts vs. 7 of the 15 second course 
failure), rather than starting the second 
course earlier or later (median start day = 
day 39 of course 1 for the 4, day 43 of course 1 
forthe 15). 

Furthermore, we have observed that the 
CR rate, at least on course 1, does not appear 
to decrease until day 35 or later. Although 
these facts might argue for a delay until at 



least day 35 to starting course 2, we have also 
observed that residual survival after achieve
ment of CR declines dramatically before 
then. This puts a premium on quick achieve
ment of CR, or, identically, using treatment to 
which the AML cells are very sensitive. Under 
these circumstances we plan to give patients 
not in CR by day 28-35 of course 1 alternative 
therapy and suggest this as a matter for fu
ture discussion. It should be noted that al
though double induction strategies have 
seemed useful in children and adults, those 
strategies may be of value only in patients 
with sensitive disease, e.g. no AHD, de novo 
AML, given 3 + 7 type regimens and not in 
patients given high-dose ara-C initially or 
who because they are older or have an AHD 
or secondary AML might be less tolerant of, 
or less responsive to, a second identical 
course beginning on day 21. 
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Abstract. A number of cytogenetic patterns 
have been identified as being disadvanta
geous for response to treatment in AML. In 
addition, the presence of an antecedent he
matologic disorder (AHD) also consistently 
has a negative impact on prognosis being 
closely related with the incidence of myelo
dysplasia. Since 1991, the MDACC has elect
ed to treat patients (pts) with adverse cyto
genetics and/or an AHD (AML, poor risk) 
with a combination of regimens based on 
the synergism between the fludarabine (Flu
dara) and cytosine arabinoside (ara-C). Flu
dara enhances the ara-CTP formation in 
leukemic blast cells. Thus, a combination 
regimen of F1udara and ara-C (FA) was de
veloped in 1991. Subsequently, GCSF was 
added being given before, during, and after 
the FA to form the FLAG regimen. In more 
recent times, idarubicin has been added. 
Thus, the FLAG-Ida regimen is Fludara 30 
mg/m2/day for 5 days followed each day 4 
hours later by ara-C 2 g/m2 over 4 h. GCSF at 
a dose of 200 Ilg/m2 is given 1 day before and 
during the therapy. Use following comple
tion of chemotherapy is according to need of 
the patient. Idarubicin is given at a dose of 12 
mg/m2/day for 3 days. Pts treated with prior 
regimens in 1980-1990 had a complete re
mission rate of 38%. The combined results of 
the FA, FLAG, and FLAG-Ida regimens is 66 
CRs of 131 pts (50%). The CR rate to FA was 
12/30 (40%), FLAG 27/49 (55%), and FLAG
Ida 27/52 (52%). There was no increase in 
the mortality during remission induction 

caused by the addition of idarubicin. Com
parison to the historical past of patients 
treated between 1986-1990 demonstrates an 
advantage in CR rate which is not statistical
ly significant for the FA, FLAG, and FLAG
Ida regimens. The CR duration at 2 and 3 
years, however, is substantially higher with 
these regimens than previous experience. A 
multivariate analysis for response and sur
vival will be carried out on this patient pop
ulation to identify risk factors. Age, poor 
performance status, hypoalbuminemia, and 
treatment outside a protected environment 
all appear to be adverse at this time. 

Introduction 

A large number of prognostic factors have 
been identified in acute myelogenous leuke
mia (AML) [1,2]. Consistently, the age of the 
patient, history of a myelodysplastic onset 
or antecedent hematologic disorder (AHD), 
organ dysfunction, and white blood cell 
count have been identified as prognostically 
significant for complete remission (CR). 
However, at our institution, the most impor
tant prognostic factor has been the cytoge
netic pattern of patients [3]. Patients can be 
classifed as having relatively favorable (low 
risk) karyotype which includes patients 
with inv16, t8;21, tl5;17,and a diploid karyo
type (Table 1). Adverse cytogenetic groups 
include those with abnormalities in chro
mosomes #5 and #7 and trisomy chromo-
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some #8. Patients with insufficient meta
phases and other miscellaneous groups have 
relatively favorable or unfavorable progno
sis depending on whether they have an ante
cedent hematologic disorder (AHD) or not. 
This classification assigns patients with 
AML into low risk and high risk. In our his
torical control group from 1980-1990, pa
tients in the high risk group had a probabil
ity of response of 38 vs. 67% for those in the 
low risk group. Thus patients with high risk 
disease are in urgent need of new approach
es to treatment [4). 

Previous laboratory and in vivo studies 
have demonstrated that pretreatment with 
fludarabine enhances the formation of the 
triphosphate form of cytosine arabinoside 
(ara-CTP) in patients withAML [5). This ob
servation gave rise to the concept of fludara
bine/ara-C regimens. Our previous experi
ence with Fludara and ara-C (FA) or Fludara 
+ ara-C combined with GCSF (FLAG) has 
been published [4). The response rate with 
FA was similar to that seen with previous 
combinations of anthracyclines and ara-C 
and the addition of GCSF was associated 
with a favorable but not statistically signifi
cant improvement in response rate [6]. Thus 
the decision was made to build on the FLAG 
experience by the addition of Idarubicin. 
This formed the regimen FLAG-Ida. The re
sults of therapy with FLAG-Ida in frontline 
therapy of high risk AML patients is report
ed in this manuscript. 

Patients and Methods 

Fifty-two previously untreated patients with 
AML were treated with FLAG-Ida between 
July 1993 and May 1995. All patients 
were classified as high risk according to 
Table 1. 

Our past experience with 224 high risk 
patients treated between 1980 and 1990 had 
a CR rate of 38% with 38% patients dying 
during remission induction and 24% of pa
tients being declared resistant. The percent
age of patients who were five year survivors 
was 4% [4]. Immediately preceding the 
FLAG-Ida study, 30 patients were treated 
with FA and 49 patients with FLAG. The FA 
regimen was administered from January 

Table 1. Classification of cytogenetically defined risk 
groups in AML 

Karyotype 

t(8;21) 
t(15;17) 
Inv16 
Diploid 
Miscellaneous 
Insuff. metas. 
+8 
-5,-7 

Good risk 

All 
All 
All 
All 
NoAHD 
NoAHD 

Poor risk 

AHD 
AHD 
All 
All 

1991 to March 1992 and FLAG from March 
1992 until July 1993 prior to the initiation of 
FLAG-Ida. In FA the dose of fludarabine was 
30 mg/m2 i.v. and ara-C 2 g/m2 i.v. on each of 
days 1-5. FLAG added GCSF 4002 Ilg/m i.v. 
subcutaneously daily from day -1 until CR. 
FLAG-Ida added Idarubicin at a dose of 12 
mg/m2 Lv. on days 2, 3, and 4 but Fludara and 
ara-C were only given on days 1-4 and GCSF 
was given only on days -1 through +8. 
Patients in whom the white blood cell count 
was > 50000/lll who were assigned to 
the GCSF containing regimens FLAG or 
FLAG-Ida began the GCSF on the same day 
as chemotherapy rather than on the day 
store. 

Patients were preferentially treated in the 
Protected Environment if they agreed to this 
approach. Second courses of FLAG-Ida were 
administered if patients had more than 20% 
blasts in a bone marrow sample that was 
more than 200/0 cellular on day 21 after the 
first course of chemotherapy. Complete re
mission (CR) was diagnosed when the bone 
marrow had less than 5% blasts and periph
eral blood showed more than 1000/lll of 
granulocytes in more than 100000/lll of 
platelets at the same time [4]. Patients were 
removed from study if they were not in CR 
after two courses. In the FLAG-Ida group, af
ter achieving CR, patients received one 
course of ara-C at a dose of 100 mg/m2 per 
day by continuous infusion on days 1-5. This 
was followed by a course of fludarabine 30 
mg/m2 i.v. and ara-C 1 g/m2 i.v. on days 1 and 
2 and Idarubicin 8 mg/m2 i.v. on day 2. GCSF 
was given during and for the 3 days after 
completion of each course of chemotherapy. 
These conventional ara-C dose courses and 
FLAG-Ida courses were alternated until the 
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Table 2. FLAG-Ida in poor risk AML - characteristics 

Patients 
Age - med. (range) 
Male 
PriorAHD 
Perf. status 2-3 
-5/-7 

52 
63 (26-82) 
29 (56%) 
30 (52%) 
23 (44%) 
28 (54%) 

patients relapsed or until they had been in 
remission for 12 months. 

The patient characteristics are shown in 
Table 2. The median age was 63 years with 10 
patients being over 70 years of age. Forty
four percent of the patients were perfor
mance status 2 or 3. Thirty-six patients 
(69%) were treated in protected environ
ments. The overall CR rate was 27/52 (52%) 
with 16 (31%) dying during remission in
duction, 11 in the first course. Twenty-five 
patients achieved CR after a single course. 
Only 11 patients received a second course of 
treatment and only two of these obtained a 
CR with 5/11 (46%) of patients dying during 
the second course. The CR rate was not sig
nificantly associated with age of the patient 
but strongly correlated with performance 
status, albumin level, serum LDH, and white 
blood cell count levels (Table 3). Analysis by 
cytogenetic subgroup showed favorable re
sponse rates in patients with 11q23 abnor
malities and insufficient metaphases, 
whereas patients with trisomy of chromo
some #8 or abnormalities in chromosomes 
#5 and #7 and other miscellaneous abnor
malities had response rates between 40 and 
45% (Table 3). The major causes of failure to 
respond were deaths due to infections mor-

100 

Table 3. FLAG-Ida response in poor risk AML by 
prognostic group 

Characteristic Value Patients %CR %Died 

Age (yrs) <60 21 62 19 
60-69 21 48 33 
2: 70 10 40 50 

Performance 0-1 29 72 17 
status 2-3 23 26 48 
Albumin <3.5 31 36 42 

2: 3.5 21 76 14 
Protected Yes 36 56 28 
environment No 16 44 38 
LDH Normal 13 85 

Elevated 39 41 41 
WBC <5000 25 72 16 

2: 5000 27 33 44 
Cytogenetics -5/-7 28 43 39 

+8 9 44 22 
llq 2 100 
Misc. 5 40 40 
Insuff. 8 88 13 

tality. Three patients died with documented 
bacterial infections, four with documented 
fungal infections, six with pneumonias of 
unknown pathogen and 11 patients with 
multi-organ dysfunction. Three patients 
had hemorrhage as a significant contribut
ing factor. Many patients had multiple con
tributing causes. 

The remission duration of the patients 
was disappointing. The median CR duration 
was 39 weeks with only 25% of patients pro
jected to still be in remission at one year 
(Fig. 1). The overall survival of the patients 
was a median of 28 weeks with one-third of 
patients living for one year and approxi
mately one in six patients living at two years 
(Fig. 2). No cardiac toxicity was noted. Hy-
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perbilirubinemia (> 2.5 mg%) was noted in 
15 patients and a significant elevation of 
creatinine (> 2.5 mg%) in nine patients. 
Comparison of the results with FLAG-Ida 
with FA and FLAG in comparable patients 
showed that FLAG and FLAG-Ida had simi
lar response rates and similar mortality 
(Table 4). Thus no difference in response 

•• •••••••• + ••• + ..................... +-+ 

104 156 208 260 
WEEKS 

Clt10genetics Pm. Relal!sed 
+8 38 26 
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Weeks 

Clt10genetics Pm. Died 

-+8 22 18 
---. -5, -7 72 57 
·······IM 11 9 
--- Mise 26 16 

-4--+---------+---+---+ ......... ... 

260 

............... _._ .................... o.+- .. .... 

104 156 208 260 
Weeks 

rate, remission duration or survival was not
ed between FLAG and FLAG-Ida. Somewhat 
lower response rates were noted for FA. The 
remission duration and survival by cytoge
netics demonstrated that there was no sig
nificant difference between the cytogenetic 
subcategories (Figs. 3, 4). As demonstrated 
in Figs. 5 and 6, the CR duration and survival 
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of patients during the period 1991-1995 is 
somewhat superior to that noted in the im
mediately proceeding decade 1980-1990 
(Figs. 5,6). 

Discussion 

The fludarabine/ara-C combinations have 
demonstrated that they are able to obtain CR 
rates comparable to anthracycline ara-C 
combinations in high risk patients with 
AML compared to our historical experience. 
The addition of idarubicin to the regimens 
called FLAG-Ida has not been associated 
with an increase in CR rate and CR duration 
or survival. The reasons for this are uncer
tain. FLAG-Ida differs from FLAG in that the 
GCSF is given only until day 8. In addition 
there is one less couplet of fludarabine/ara-C 
as this treatment is only given for four days 
rather than five days in the FLAG. Thus the 
beneficial contribution of idarubicin to the 
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208 260 Fig. 6. Survival poor risk by 
year 

protocol may have been lost by these chang
es in the delivery of the FLAG component. 
The major risks to patients with adverse cy
togenetic subgroups continue to be twofold. 
The mortality during remission induction 
associated with this group is very significant 
usually due to fungal infection. In addition, 
the risk of relapse in patients who achieved 
complete remission remains very high. New 
attempts to improve supportive care and de
velopment of new techniques for post-re
mission therapy are desperately needed in 
this adverse subset of patients. It is of inter
est that while the overall remission duration 
and survival remains disappointing, in the 
FA, FLAG, FLAG-Ida, comparison with our 
historical past with treatments prior to FA, 
the long term CR fraction appears to be 
higher. Therefore we continue to build on 
this approach by the addition of ALL-trans
retinoic acid as reported by Dr. Estey else
where in this publication [6]. Similar ap
proaches of the treatment of patients with de 



novo myelodysplastic syndrome with ad
verse cytogenetic features has been associat
ed with a similar response rate to that re
ported in AML [4]. The difference in re
sponse rate, CR duration, and survival 
between AML and MDS in our experience is 
minimal so that patients with both diagno
sis are being registered on the frontline pro
tocols. 
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Chemotherapy with Idarubicin, Ara-C, VP-16, Amsacrine, Followed by 
G-CSF and Maintenance Immunotherapy with Interleukin-2 for Patients 
with High-Risk Acute Myeloid Leukemia: a 3-Years Follow-Up 
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K. HOFFKEN9,M. KLAUSMANN IO, H. G. FUHRll, K. KOLBE I2,L. BERGMANN!, and D. HOELZERI 

Abstract. To improve the complete remission 
(CR) rate and to prolong CR duration in pa
tients with advanced MDS, AML evolving 
from MDS, and secondary AML, a phase-III 
trial of aggressive chemotherapy followed 
by G-CSF was initiated in January 1992. Pts. 
achieving a CR were randomized to receive 
either high-dose or low-dose IL-2 to evalu
ate the potential of this cytokine to eliminate 
residual leukemic cells and to prolong the 
CR duration. 

A total of 110 pts aged 18 to 76 yrs (me
dian: 58 yrs) were treated with idarubicin 
(Ida, 10 mg/m2 IV, 3 days), Ara-C (100 mg/m2 

CIVI, 7 days), and VP-16 (100 mg/m IV, 5 
days) as induction therapy. Patients in CR af
ter two induction courses (induction 2: Ida 
10 mg/m2 IV, 2 days, Ara-C 100 mg/m2 CIVI, 
5 days, and VP-16 100 mg/m2 N, 5 days) 
received 2 consolidation courses, the first be
ing identical to induction 2, and the 
second consisting of Ara-C 600 mg/m2 twice 
a day, 5 days, and amsacrine 60 mg/m2, 

5 days. G-CSF (5 flg/kg SC) was given from 
the day after the end of chemotherapy until 
neutrophil recovery. 20 CR patients have 
been randomized to start with IL-2 therapy 
within 8 weeks after the end of consolidation 
(9 pts: 9 X 106 U/m W; 11 pts. 0.9 X 106 U/m 
IV; days 1-5, days 8-12; 4 courses). 

Forty nine pts (45%) achieved CR «60 
yrs: 52%; > 60 yrs: 35%; p = 0.06), and 
10 pts (9%) obtained PRo 39 pts (35%) were 
treatment failures. Early death occured in 
12 pts (11%); 9 pts unterwent allo-BMT. 
The median overall survival was 8 mths, 21 
mths for the CR pts (95%-CI: 17-25 mths) 
after a median observation period of 36 
mths (range: 14-56). The median RFS for 
CR pts including those not receiving all con
solidation courses and IL-2 maintenance 
therapy was 12.5 mths «60 yrs: 19 mths; 
>60 yrs: 7 mths).Respectivelymedian RFS is 
19 mths in the high-dose and 13 mths in the 
low-dose IL-2 arm (p = 0.8). 

We conclude that chemotherapy with Ida, 
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Ara-C, and VP-16 followed by G-CSF is effec
tive and well tolerated with a low early death 
rate. IL-2 therapy seems to be of benefit with 
no apparent difference between the two dose 
levels. 

Introduction 

High-risk acute myelogenous leukemia 
(AML, such as AML evolving from myelod
ysplastic syndromes (MDS) or secondary 
AML) and de novo AML are considered to 
differ with regard to response rate and re
mission duration after chemotherapy. Pa
tients suffering from de novo AML can be 
cured by conventional chemotherapy 
whereas those with advanced MDS and sec
ondary AML are considered incurable. 

Treatment of MDS with AML-type chem
otherapeutic regimens is capable of induc
ing complete remission. Because of the age 
of the patients and the individual duration 
of MDS a high rate of early complications 
was reported during the use of standard 
AML cytotoxic regimens [1,2]. Trials in eld
erly AML-patients have demonstrated that 
the rate of infection-related deaths during 
induction therapy can be reduced by using 
hematopoietic growth factors to accelerate 
hematopoietic recovery [3]. Treatment of 
CR-patients after induction chemotherapy 
with interleukin-2 (IL-2) has resulted in the 
induction of an antileukemic immune re
sponse by lymphokine activated killer cells 
(LAK) and elimination of residual leukemic 
cells [4-6]. 

A phase III trial of intensive chemothera
py followed by G-CSF was initiated in pa
tients with high-risk AML. Patients achiev
ing a CR were randomized to receive either 
high-dose or low-dose IL-2 to evaluate the 
potential of this cytokine to eliminate resid
ualleukemic cells and thereby to prolong the 
CR duration. The present report showes the 
feasibility of this therapeutic approach and 
the first results of a 3-year follow up analysis. 

Material and Methods 

A total of 110 patients (Table 1) with refrac
tory anemia with blast excess in transforma-

Table 1. Patients' characteristics 

No. of patients 
Male/female 
Age (years) 
Median 
Range 
Diagnoses 
RAEB-T 
AML after MDS 
Secondary AML 

110 
49/61 

58 
18-76 

18 
86 
6 

tion to acute leukemia (RAEB-T), AML 
evolving from MDS or AML secondary after 
previous cytotoxic chemotherapy or radio
therapy were entered in this study from Jan
uary 1992 until May 1995. The diagnosis was 
established by examination of peripheral 
blood and bone marrow aspirate and tre
phine biopsie. 

The chemotherapy regimen for induction 
consisted of cytosine-arabinoside (ara-c) as 
a continous IV infusion at a daily dose of 100 
rrWn 2/day for 7 days, idarubicin adminis
tered as IV bolus injection at 10 mg/m 2/day 
on days 1,2,and3,andVP-16as I-hinfusion 
atlOOmglm 2/dayon days 3-7. Two early con
solidation courses included ara-c, 100 
rrWn 2/day IV, days 1-5, idarubicin, 10 
rrWn 2/day IV, days 1 and 2, and VP-16 100 
rrWn 2/day IV, days 1-5.A late consolidation 
course within 6 weeks after this therapy con
tained amsacrine, 60 mg/m2/day, adminis
tered by IV short infusion on days 1-5, and 
ara-c at a dose of 600 mg/m2 as 2-h infusion 
every 12 h on days 1-5. After each course of 
chemotherapy, patients received granulo
cyte colony-stimulating factor (G-CSF) 5 
jlg/kg SC until recovery of granulocyte 
counts {Fig. O. Eligible patients (below 55 
years of age, HLA-identical donor) received 
an allogeneic bone marrow transplant after 
achieving complete (CR) or partial (PR) re
mission. 

Starting 4-6 weeks after the late consoli
dation course, patients were randomized to 
four cycles of either high-dose (9X 106 

IU/m2 ,fuy) or low-dose (0.9X 106 

IUIm 2/day) recombinant human interleu
kin-2 (IL-2, provided by Hoffmann-La
Roche, Grenzach-Wyhlen, Germany) as 1-
hour infusion on days 1-5 and 8-12. Cycles 
were repeated at 6-week intervals. 
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According to FAB-criteria CR was defined 
as less than 5% blasts in normocellulare 
bone marrow and normal peripheral diffe
rential counts (absolute neutrophil count 
> 1000/fll, platelets> 100 OOO/fll). Patients 
who did not achieve CR were considered as 
non-responder. Patients who died during 
the induction phase within four weeks of 
starting therapy and who were not evaluable 
for response were considered as early death. 
Remission duration was calculated from the 
time of achieving CR to the date of the date 
of the most recent follow-up or documented 
relapse or death in remission. 

Results 

All of the patients entered into the study 
were assessable for response to the treat
ment. A total of 49 patients (45%) achieved a 
CR, 35 patients after 1dAV I, 14 others re
quired treatment with the second induction 
cycle. 13 patients (12%) obtained a partial 
remission after two induction courses. 41 
patients (38%) were treatment failures. Ear
ly death occured in six patients (5%) during 
induction therapy. Six patients died in CR, 
five of these patients were older than 60 
years. The overall toxic death rate was 10%. 
Nine patients, six in CR and three in PR, 
underwent allogeneic bone marrow trans
plantation (Table 2). 

20 CR patients were randomized to re-
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Table 2. Treatment results 

CR 
PR 
Failure 
Toxic death 
Early (day 28) 
Treatment related 
Overall survival (months) 
Relapse-free survival (months) 
High-dose IL-2 
Low-dose IL-2 

49 (45%) 
13 (12%) 
41 (38%) 
11 (10%) 
5 (5%) 
6 (5%) 
8.3 
12.5 
19 
13 

ceive either high-dose or low-dose 1L-2 as 
maintenance therapy to induce an antileu
kemic immune response and to reduce min
imal residual disease. 

The median overall survival (OS) was 8.3 
months after a median observation period 
of 36 months (range: 14-56), as for CR pa
tients was 21 months. The median relapse 
free survival (RFS) for CR patients including 
those not receiving all consolidation courses 
and 1L-2 maintenance therapy was 12.5 
months. Respectively median RFS is 19 
months in the high-dose and 13 months in 
the low-dose 1L-2 arm (Table 2), the differ
ence is nonsignificant (p = 0.80). 

Discussion 

It is known that a long-term benefit in ad
vanced MDS and high-risk AML, can only be 
achieved by eradication of the abnormal 



clone and restoration of normal hemato
poiesis. The present study was prompted by 
reports that idarubicin is effective in pa
tients with high-riskAML and that the use of 
hematopoietic growth factors, e.g., G-CSF, 
will not only accelerate neutrophil recovery 
but will also reduce the rate of severe infec
tions and early death. Our results in 110 pa
tients illustrate that the combination of ida
rubicin (at a total dose level of SOmglm 2 in 
two induction courses), ara-c, and VP-16 is 
effective for remissions induction and well 
tolerated [7,8,9]. Compared with previous 
studies evaluating intensive therapy (re
viewed in[l, 2] the high median age of 58 
years and the low rate of toxic death in the 
present study deserves notice. The low rate 
of early death in our patients, which was 
even lower than in many trials with younger 
patients treated for de novo AML, could be 
due to the consequent use of G-CSF after 
each chemotherapy cycle [10]. 

With a total of 20 patients treated with ei
ther high-dose or low-dose IL-2, no signifi
cant differences have become apparent 
between both treatment arms with regard to 
relapse free survival. Because of the lower 
rate of side effects the described lower dos
age of 0.9 X 106 IUhn 2 will be evaluated in fu
ture studies. Whether IL-2 is beneficial as a 
maintenance in CR patients and prolongs 
remission duration by the elimination of re
sidualleukemic cells, cannot be decided due 
to the design of our trial, and no randomized 
trial has been finished yet to settle this ques
tion. 

In conclusion the effectiveness with a CR 
rate of 45% and the low early death rate 
makes our protocol a suitable treatment reg
imen for the mainly elderly patients with ad
vanced MDS and high -risk AML. 

References 

1. Kantarjian HM, Estey E, Keating MJ (1993) 
Treatment of therapy-related leukemia and 
myelodysplastic syndrome. HematollOncol 
Clin NorthAm 7: 81-107 

2. Gassmann W, Schmitz N, Laffier H, De Witte T 
(1993) Intensive chemotherapy and bone mar
row transplantation for myelodysplastic syn
dromes. Semin Hematol33: 196-205 

3. DombretH,ChastangC,FenauxP eta!. (1995) A 
controlled study of recombinant human granu
locyte colony-stimulating factor in elderly pa
tients after treatment for acute myelogenous 
leukemia. N Engl J Med 332: 1678-1683 

4. Bergmann L, Heil G, Kolbe K et a!. (1995) Inter
leukin-2 bolus infusion as late consolidation 
therapy in 2nd remission of acute myeloblastic 
leukemia. Leuk Lymphoma 16: 271-279 

5. Meloni G, Foa R, Vignetti M et a!. (1994) Inter
leukin-2 may induce prolonged remissions in 
advanced acute myelogenous leukemia. Blood 
84:2158-2163 

6. Archimbaud E, Bailly M, Dore JF (1991) Indu
cibility of lymphokine activated killer (LAK) 
cells in patients with acute myelogenous leuke
mia in complete remission and its clinical sig
nificance. Br J Haematol77: 328-334 

7. Carella AM, Berman E, Maraone MP, Ganzina F 
(1990) Idarubicin in the treatment of acute leu
kemias. An overview of preclinical and clinical 
studies. Haematologica 75: 159-169 

8. Berman E, Heller G, Santorsa J et a!. (1991) Re
sults of a randomized trial comparing idarubi
cin and cytosine arabinoside with daunorubicin 
and cytosine arabinoside in adult patients with 
newly diagnosed acute myelogenous leukemia. 
Blood 77: 1666-1674 

9. Bishop JF, Lowenthal RM, Joshua D et a!. (1990) 
Etoposide in acute nonlymphocytic leukemia. 
Blood 75: 27 -32 

10. Ganser A, Heil G, Kolbe K et a!. (1993) Aggres
sive chemotherapy combined with G-CSF and 
maintenance therapy with interleukin-2 for pa
tients with advanced myelodysplastic syn
drome, subacute and secondary acute myeloid 
leukemia - initial results. Ann Hematol66: 1234-
1236 

837 



Acute Leukemias VII 
Experimental Approaches and Novel Therapies 
Hiddemann et al. (eds) 
© Springer-Verlag Berlin Heidelberg 1998 

Time Sequential Therapy (TAD-HAM) for Secondary AML 
with and without G-CSF Priming and Support - a Randomized Study 

M.ZOHLSDORp l ,B.WORMANN2,W.HIDDEMANN2,and TH.BOCHNERI 

Abstract. Secondary acute myeloid leukemi- preliminary report deals with 22 patients, 
as are generally treated like primary AML, age 23 to 73, treated since 1994 in two 
yet with inferior remission rates and shorter centers. One patient was excluded after 
remission duration. Unfavorable cytogenet- randomization for co morbidity (G-CSF 
ics and expression of MDR have been identi- arm). The short term results show 6 out 
fied as adverse factors, so far. We have tried of 9 patients in CR in the G-CSF group, 
to extend the concept of double induction 2 death as opposed to the group without 
chemotherapy from the AMLCG study on G-CSF, containing 6 responders, and 4 early 
primary AML towards secondary AML. This deaths 

Table 1. Patient data 

No. Sex Age G-CSPPAB Result CR OS Description 
l:yes 

1 f 53 1 M4 CR 5 5 AlloBMT, t 
2 m 56 0 M2 CR 4 9 Relapse, t 
3 f 65 0 M5 CR 3 3 Death in CR, t 
4 f 23 1 M2 CR 4 13 AlloBMT, relapse, t 
5 m 66 0 M4 ED 0 2 With evidence ofleukemia, t 
6 f 48 0 M5a ED 0 2 Sepsis, t 
7 m 56 1 (excluded) 
8 f 68 1 M2 CR 14 16 
9 m 41 1 (RAEB-T) CR 4 AlloBMT, t 
10 m 72 0 M2 ED 0 1 Sepsis, t 
11 m 70 0 M5a CR 2 5 Relapse, t 
12 m 57 1 M2 CR 9 12 Relapsed MDS 
13 f 47 0 M2 CR 7 9 
14 m 71 0 MO CR 5 8 Relapsed MDS 
15 f 46 1 M2 NR 0 6 AlloBMT 
16 m 71 1 M2 ED 0 2 t 
17 m 68 1 M2 CR 14 17 
18 f 52 0 M2 NR 0 1 Sepsis, t 
19 m 69 0 M4 CR 1 3 Relapse, t 
20 f 68 I Ml CR 3 5 
21 f 69 0 Ml NR 0 1 t 
22 f 59 0 MO ED 0 2 i.e. hemorrage, t 

Patient number 7 was excluded, due to contraindications against aggressive chemotherapy occurring after 
randomization. 

1 Dept. of Hematology and Oncology, University of Munster, Germany 
2 Dept. of Hematology and Oncology, University of Gottingen, Germany 
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Table 2. Statistical summary 

Patients/average age 
Median age 
Complete remission 
Non-responder 
Early death 

G-CSF 

9 
56.9y 
6 
2 
1 

noG-CSF 

12 
62.2y 

6 
2 
4 

Twelve out of 21 patients reached a complete 
remission. The differences between both 
arms are not significant, although the early 
death rate is higher and the CR rate lower 
without G-CSF treatment. No major toxicity 
one to G-CSF was detected. Pretreatment 
with G-CSF seems to have no adverse effects. 
More significant numbers are expected with 
continuation of the study. 

Introduction 

Secondary acute myeloid leukemias are gen
erally treated like primary AML, yet with in
ferior remission rates and shorter remission 
duration [1]. Unfavorable cytogenetics and 
expression of MDR have been identified as 
adverse factors, so far [2,3]. We have tried to 
extend the concept of double induction 
chemotherapy from the AMLCG study on 
primary AML towards secondary AML. 
Pretreatment with r-metHu G-CSF was ran
domized in this study. G-CSF has been em
ployed as supportive measure or concomi-

100 
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iil 70 
rfl 60 

50 
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O~~~~~~~~~~ 
o 2 4 6 8 1012141618 

months 

tant to chemotherapy in previous trials, 
without negative effect [4,5]. 

Materials and Methods 

G-CSF pretreatment for 48 h and continuous 
G-CSF support were added in a randomized 
fashion for half of the patients. Induction 
chemotherapy consisted of ara-C 100 mg/m2 
continuously i.v. for 48 h, 100 mr,/m2 q12h 
day 3 to 8, daunorubicin 60 mg/m /day day 3 
to 5,6-TG p.o. 100 mg/m2 day 3 to 9. For pa
tients under 60 y, this was followed by HAM, 
ara-C 3g/m2 q12h day 1 to 3,mitoxantrone 10 
mg/m2 day 3 to 5 at day 21 of treatment. For 
older patients, HAM was only given when 
bone blasts on day 16 exceeded 5%, and ara
C was reduced to 1 g/m2 q 12h. Consolidation 
was TAD as above. Maintenance therapy 
consisted of ara-C 100 mg/m2 q12h day 1 to 
5, combined with either daunorubicin 45 
mg/m2 day 3 and 4 (first cycle) or 6-TG 100 
mg/m2 day 1 to 5 (second cycle). TAD, HAM 
and maintenance therapy were preceeded by 
48 h r-metHu G-CSF, 5 Ilg/kg qd, with further 
continuation during therapy and thereafter, 
until recovery from aplasia, only for patients 
randomized into the G CSF arm. 

Results 

Patients' characteristics were comparable in 
both groups. The median age was 56.9 y in 
the group with G-CSF versus 62.2 y in the 
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standard group. This preliminary report 
shows a tendency for longer remission dura
tion for the group with G-CSF pretreatment, 
which currently is not significant. The log 
rank-test shows a significance level of p < 
0.02 for a survival difference. However, this 
result is not adjusted for serial testing and 
might still be subject to a sampling error. 

Conclusion 

Due to the small sample sizes, no definitive 
conclusions can be drawn from these data 
yet. However, the current data suggest that 
G-CSF pretreatment and support might im
prove survival, and also the CR rate and the 
remission duration. Further corroboration 
by higher patient numbers is needed for de
finitive results. Positive effects of G-CSF 
have been described in higher patient num
bers for chemotherapy of MDS and AML, al
beit without randomized control group [6]. 

A sequential test is instituted for the earli
est possible detection of statistically signifi
cant criteria for discontinuation of this trial. 

Acknowledgments. The authors wish to 
thank Dr. Heinecke for his expert help in 
biomathematical evaluation. 
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Oral Chemotherapy for Acute Myeloid Leukaemia 

T. RUUTU on behalf of the Finnish Leukaemia Group 

Abstract Two studies have been carried out 
to evaluate the role of a totally oral combi
nation of etoposide, 6-thioguanine, and ida
rubicin (ETl) in the treatment of acute mye
loid leukaemia (AML) in patients with ad
vanced disease or in elderly patients. The 
drug dosages in ETl were: etoposide 80 
mg/m2 and thioguanine 100 mg/m2 twice 
daily on days 1-5, and idarubicin 15 mg/m2 

on days 1-3, all given orally. Sixteen patients 
with advanced AML were given one to six 
ETl cycles. Four patients (25 per cent) 
achieved remission, and in addition clear
ing of the blood of leukaemic cells was seen 
in six other patients. In another study ETl 
was compared with 5-day TAD (thiogua
nine, cytarabine, and daunorubicin) in the 
treatment of patients over 65-years of age 
with newly diagnosed AML. According to 
randomization the patients were given two 
cycles of ETl or TAD, followed by mainte
nance with mercaptopurine and methot
rexate. Fifteen of 25 patients randomized to 
ETl (60%) achieved remission with two ETl 
cycles, compared with 6 of26 patients (23%) 
randomized to receive TAD (p = 0.007). The 
survival was significantly longer in the ETl 
arm. There were no significant differences 
in side effects. In conclusion, the totally oral 
ETl regimen has proven to be an effective 
and useful combination in the treatment of 
AML in patients with advanced disease and 
in elderly patients. 

Introduction 

Chemotherapy for acute myeloid leukemia 
(AML) is usually given intravenously. An al
ternative is oral administration of the drugs. 
This approach has been limited by the fact 
that most of the drugs used for the treatment 
of AML cannot be administered orally. The 
situation changed when idarubicin, a rela
tively new anthracycline which can be given 
by mouth, became available. The main disad
vantage of oral treatment is variable absorp
tion from the gut and therefore a potentially 
unpredictable effect. When the treatment is 
intended to be fully intensive with curative 
aim, the oral route is not the preferred way of 
administration. However, there are situa
tions where oral induction and consolida
tion chemotherapy may have an important 
role. The toxicity of fully intensive treatment 
is considerable, and in some groups of pa
tients this has to be avoided. For example, 
many elderly patients do not tolerate fully in
tensive treatment, and as cure is in those cas
es not a realistic goal, the quality of life be
comes even more important than among 
younger patients who may be cured with 
intensive toxic treatments. The quality of life 
may be improved by avoiding infusions and 
by giving the treatment orally, and by treat
ing the patient as far as possible on an ambu
latory basis. A moderately intensive oral 
treatment might also be useful in the man
agement of patients with advanced acute leu-

Department of Medicine, Helsinki University Central Hospital, Haartmaninkatu 4, FIN-00290 Helsinki, 
Finland 
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Table 1. ETI treatment 

Etoposide 
Thioguanine 
Idarubicin 

80 mg/m2 Twice daily Days 1-5 
100 mg/m2 Twicedaily Days 1-5 

15 mg/m2 Once daily Days 1-3 

All drugs given p.o. 

kaemia when the possibility of cure is re
mote. With these considerations in mind we 
designed a totally oral combination regimen 
consisting of etoposide, 6-thioguanine and 
idarubicin (ETI) (Table 1). We have studied 
the effects of ETI in the treatment of patients 
with advanced leukaemia [1] and elderly pa
tients with newly diagnosed AML [2]. 

Ell forthe Treatment of Advanced AML [1] 

Patients 

Sixteen patients with AML were treated. The 
age range was from 20 to 69 years, median 50 
years. Two patients were in first relapse, 
eight in second relapse, two had primarily 
refractory disease and three refractory re
lapse, and in one case the disease was pre
ceded by myelodysplastic syndrome. The 
FAB subtypes were: Ml 2, M2 8, M3 1, M4 3, 
and M5 1. At diagnosis, 10 patients had a 
normal karyotype, four an abnormal karyo
type, and in two cases the analysis was un
succesful. The patients described as refrac
tory did not respond to standard combina
tions of cytarabine and daunorubicin (7 + 3 
or 9 + 3, daunorubicin in the dose of 50 or 60 
mg/m2). 

Chemotherapy 

ETI treatment was given at 3-week intervals. 
The aim was to give as many ETI cycles as 
needed to achieve remission up to a maxi
mum of six cycles. 

Results 

A total of 51 ETI courses were given. In sev
eral cases the treatment had to be discontin
ued earlier than planned because of pro-
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gressive disease or poor clinical condition. 
In most cases the dosages of the drugs had to 
be reduced in the later courses, usually due 
to cytopenias. 

Four of the 16 patients achieved complete 
remission. Three patients with second re
lapse entered remission after 1-2 ETI cycles. 
One patient judged to have primarily refrac
tory AML achieved remission after six ETI 
cycles. The patients who entered remission 
represented FAB types Ml, M2, M3, and M5, 
one each. The relapse-free survival of the pa
tients who entered remission was 1,3,4, and 7 
months. Three patients relapsed and one died 
of intracerebral haemorrhage in remission. 
In addition to the remissions, marked anti
leukaemic effect, clearing of the blood of leu
kaemic cells, was seen in six other patients. 
The median survival in the whole patient 
group was four months, range 1-11 months. 

The side effects, graded according to the 
WHO scale, are presented in Table 2. 

Table 2. Side effects of ETI treatment 

Percentage of ETI cycles 

Infection grade I -II 19 
grade III -IV 36 

Vomiting grade I-II 37 
grade III -IV 9 

Diarrhoeagrade I-II 32 
grade III-IV 7 

Positive fecal blood test 25 

Infection was clearly the most serious side 
effect. An infection was encountered after 
55 % of the ETI cycles. Severe grade III-IV 
infection was seen after slightly more than a 
third of the cycles. Marked vomiting or diar
rhoea, grade III-IV, was seen after less than 
10% of the courses. Fecal blood was demon
strated after 25% of the cycles, but macro
scopic melena was not observed in any case. 
Congestive heart failure was seen in one pa
tient. It responded well to standard treat
ment. The patient had a major general infec
tion which was probably the main contribut
ing factor. The patient had previously re
ceived daunorubicin 450 mg/m2• No heart 
problems were seen following further ETI 
courses in this patient. No clear liver toxicity 
was observed in any patient. 



The main problem during ETI treatments 
was cytopenias which were largely caused by 
the advanced disease. In cases where granu
locytes and platelets recovered to levels over 
0.5 X 10911 and 50 X 109/1, respectively, this 
occurred after a mean of 17 days from the be
ginning of the treatment for both cell lines. 

Ell for the Treatment of Newly Diagnosed 
AML in Elderly Patients: a Randomized 
Comparison with S-Day TAD [2] 

Based on the promising results with ETI in 
the treatment of advanced AML, the Finnish 
Leukaemia Group launched a randomized 
trial comparing ETI with a conventional 
treatment of moderate intensity, TAD with 5 
days of intravenous cytarabine in standard 
doses and 1 day of daunorubicin, in the in
duction and consolidation treatment of 
newly diagnosed AML in elderly patients 
who were judged not to tolerate full-scale in
tensive treatment. 

Patients 

Patients over the age of 65 years with newly 
diagnosed AML were considered to enter the 
study. If the physician in charge judged the 
patient fit enough to receive moderately in
tensive treatment aiming at remission but 
not able to receive fully intensive standard 
induction and consolidation, the patient was 
eligible for the study. Patients with one or 
more of the following disorders were exclud
ed from this study: 
- Another disease which would essentially 

impair the prognosis 
- Congestive hear failure which would pre

vent the administration of anthracyclines 
- Severe liver or kidney disorder 
- Another serious disease which would pre-

vent the administration of the planned 
treatment 

- Disorders which would prevent oral treat
ment or the absorption of drugs from the 
intestine 

- Gastric or duodenal ulcer 

The randomization was done centrally at the 
coordinating center, separately for each par-

Table 3. Patient characteristics 

ETI TAD 
(n=25) (n=26) 

Age 
Range 65-85 67-87 
Median 72 74 

Sex 
Male 10 14 
Female 15 12 

Performance status 
0 6 5 
1 12 14 
2 2 5 
3 4 2 
4 1 0 

Disease 
NewAML 19 19 
Treatment -related AML 1 1 
AML after myelodysplasia 5 6 

FAB 
M1 7 4 
M2 10 7 
M3 0 1 
M4 5 8 
M5 3 4 
M6 0 1 
Unknown 0 1 

White blood cell count (x10 9/1) 
Median 5.8 5.3 
Range 0.8-305 1.4-206 

Blast cell count (x109/1) 
Median 2.2 1.4 
Range 0.0-295 0.0-206 

ticipating hospital and separately for those 
who had de novo AML and those who had 
preceding chemo-therapy or another hae
matological disorder. 

Fifty-one patients were included in the 
study (Table 3). Their median age was 73 
years, range 65-87 years. There were no sig
nificant differences between the treatment 
arms. Among patients with cytogenetic in
formation, 11 of 21 patients in the ETI group 
and 10 of 23 in the TAD group had a normal 
karyotype. There were no clear differences 
in the presence of poor prognostic karyo
type findings. 

Chemotherapy 

The patients were randomized to receive 
two cycles of either ETI or TAD (thioguanine 
100 mg/m2 p.o. and cytarabine 100 mg/m2 

i.v. twice daily on days 1-5, daunorubicin 60 
mg/m2 i.v. on day 5). If the number of leu-
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kaemic cells had increased after the first cy
cle of treatment or if there was no reduction 
of leukaemic cells after two cycles as com
pared with the original findings, the patient 
was crossed over to receive one cycle of the 
induction treatment of the other arm. If the 
number of leukaemic cells had decreased or 
remained stable after the first cycle of the 
other randomization arm, another cycle of 
the same treatment was given. Thus, the pa
tients could receive a total of two to four in
duction and consolidation treatments. 
Treatments were initiated at three weeks af
ter the beginning of the previous cycle, or, if 
there was no recovery of the marrow at that 
time, immediately after the recovery of the 
marrow had clearly begun. 

After the induction and consolidation 
treatments the patients received mainte
nance with mercaptopurine, 70 mg/m2 oral
ly once daily, and methotrexate, 12 mg/m2 

orally once weekly. The doses were modified 
in case of marked cytopenia. In patients with 
remission in the bone marrow the mainte
nance was initiated when peripheral blood 
cell counts fulfilled the criteria for remis
sion. In patients not in remission, mainte
nance was started as soon as the peripheral 
blood cell counts permitted. Maintenance 
was continued until relapse, progression of 
the disease, or for three years. 

Results 

Twenty-five patients were randomized to re
ceive ETI and 26 to receive TAD. In the ETI 
arm six patients out of the 25 entered remis
sion after the first cycle and nine more pa
tients after the second cycle. A total of 15 pa
tients out of 25 (60%) had achieved remis
sion after two cycles. In the TAD arm four 
patients entered remission after the first cy
cle and two more after the second cycle. A to
tal of six patients out of 26 (23%) achieved 
remission with one or two cycles of TAD. 
One patient randomized to ETI and six ran
domized to TAD died during the first induc
tion cycle. The difference between the two 
arms in the remission rate was significant 
(p=0.007). Three patients originally ran
domized to receive ETI were later crossed 
over to the TAD arm and one of these pa-
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tients entered remission with one cycle of 
TAD. Eight patients were crossed over from 
the TAD arm to the ETI arm, and two of 
these patients entered remission with ETI, 
one with one cycle and the other with two 
cycles. Two patients randomized to the ETI 
arm and one randomized to TAD entered re
mission during the maintenance treatment, 
and one patient originally randomized to 
TAD achieved remission later with another 
treatment. Thus, three patients randomized 
to ETI and four randomized to TAD 
achieved a remission with a treatment other 
than the originally randomized induction
consolidation treatment. 

Figure 1 shows the survival in the two 
arms. The median survival in the ETI arm 
was 9.9 months and in the TAD group 3.7 
months. The survival in the ETI arm was sig
nificantly better (p=0.042). Two patients in 
the ETI arm died in remission of non-leu
kaemic causes, one by suicide and the other 
of another cancer. 
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Fig.t. Survival in the two treatment arms. The black 
circles indicate surviving patients [2] 

Figure 2 shows the relapse-free survival in 
the two arms. The median relapse-free sur
vival was 7.2 months in the ETI arm and 2.7 
months in the TAD arm. The trend towards 
better relapse-free survival among the ETI 
patients was not statistically significant. 

There were no significant differences in 
the toxicity of the two randomized treat
ments. No differences were observed in in
fections, gastrointestinal toxicity, duration 
of neutropenia or thrombocytopenia, days 
with infusions, days in hospital, or numbers 



100 , 
% ~ 

~ 
75 ril, 

II" 

50 

25 

\ , ., 
,-, , 

I 

----- ETI 
--TAD 

1 ________ , 

L-- e ____ , , 
L e_ .. 

o ~----~--~~----~--~~--~ 
o 12 24 36 48 60 

Time (months) 

Fig. 2. Relapse-free survival in the two treatment 
arms. The black circles indicate patients alive and in 
first remission [2] 

of red cell or platelet units transfused (Table 
4). Neither were there any differences in per
formance status, bleeding, nausea or vomit
ing, blood cell nadirs, days with fever, pres
ence of fecal blood, or cardiotoxicity. 

Discussion 

These studies have shown that totally oral 
induction and consolidation treatment of 
AML is a feasible approach. Twenty-five % of 
patients with advanced leukaemia achieved 
a complete remission, and a 60% remission 
rate was observed among patients over 65 
years of age with newly diagnosed AML. The 
latter result compared favourably in a ran
domized study with the results obtained 
with a conventional mainly intravenous 
treatment of moderate intensity. 

The high remission rate in the ETI group 
of the randomized trial was somewhat unex
pected. The patients in the study were select
ed in that patients in poor general condition 
were excluded. On the other hand, patients 
in best condition, between 65 and 70 years of 
age and considered capable of tolerating full 
scale intensive treatment, were also exclud
ed, and therefore the patient population rep
resents elderly patients in relatively good 
condition excluding the most fit ones. 

If the unexpectedly good antileukaemic 
effect of ETI, originally planned to be an 
only moderately intensive treatment for pa
tients who cannot be treated fully intensive
ly, is confirmed in later studies, what might 

Table4. Toxicity of the first cycle 

ETI TAD 

Infectiona 
Grade 0 1 2 
Grade 1 4 3 
Grade 2 9 9 NS 
Grade 3 10 9 
Grade 4 1 3 

Gastrointestinal 
toxicity" 
Grade 0 7 9 
Grade 1 5 6 
Grade 2 11 8 NS 
Grade 3 2 2 
Grade 4 0 1 

Days with neutrophil 
count <0.5 x 10911 

Median 22 21 NS 
Range 13-64 0-52 

Days with platelet count 
<50 x 109/1 
Median 18 15 NS 
Range 0-50 6-47 

Days with infusions 
Median 19 18 NS 
Range 0-52 0-78 

Days in hospital 
Median 26 23 NS 
Range 20-64 15-82 

Red cell transfusions 
(units) 
Median 7 6 NS 
Range 3-11 2-19 

Platelet transfusions 
(units) 
Median 23 24 NS 
Range 0-216 6-68 

aWHOscale 

the good efficacy be due to? Thioguanine has 
been widely used in the induction and con
solidation of AML. Etoposide has also been 
used extensively for this disease, but mainly 
administered intravenously [3]. Idarubicin 
is a relatively new anthracycline that has 
been increasingly used in the treatment of 
AML. Most studies comparing intravenous 
idarubicin with daunorubicin have indicat
ed that idarubicin is more effective in the 
doses used [4-8]. Idarubicin differs in sever
al respects from daunorubicin. Idarubicin is 
more lipophilic and its uptake into cells is 
higher [9]. It seems to pass the blood-brain 
barrier more effectively, although the clini
cal relevance of this is unknown [10]. Its 
main metabolite idarubicinol is present at a 
high concentration, and the cytotoxicity of 
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this metabolite is greater than that of dau
norubicinol [10]. Idarubicinol may have an 
important role in the effect of idarubicin 
treatment [9]. Idarubicin may be less affect
ed by P-glycoprotein mediated multidrug 
resistance than daunorubicin [11]. Mainly 
preclinical evidence indicates that idarubi
cin may be less cardiotoxic than daunorubi
cin in relation to haematopoietic toxicity 
[12]. 

Idarubicin is the first anthracycline that 
can be given orally. Its absorption from the 
gut is variable, the bioavailability being 
about 30% in the average [9]. The pharma
cokinetics of oral idarubicin differs some
what from that after intravenous adminis
tration [9]. Idarubicinol is formed to a con
siderably greater degree after oral than 
intravenous administration [9]. It has been 
suggested that gastrointestinal toxicity 
might be more common after oral adminis
tration [9], but we did not see any increased 
toxicity as compared with a conventional 
intravenous treatment. There is both pre
clinical and clinical evidence that cardiotox
icity might be less after oral than intrave
nous administration of idarubicin [9]. It is 
not clear why this is the case, but the reason 
might be lower plasma peak concentrations 
[13]. The production of high amounts of a 
idarubicinol with its half-life longer than 
that of the parent compound might be one 
explanation for the good efficacy of oral ida
rubicin [9], and therefore also ofETI. 

The toxicity ofETI did not differ from that 
of 5-day TAD. The length of cytopenias was 
similar, and there was no difference in non
haematological toxicity. Therefore the high
er remission rate and better survival were 
not achieved at the cost of increased toxicity. 

Oral idarubicin has been used either 
alone or in combination with other usually 
parenteral drugs, often cytarabine, to treat 
newly diagnosed or relapsed AML [14-21]. 
Oral idarubicin has also been used in the 
treatment of myelodysplastic syndromes 
[17,22-25]. The results have varied accord
ing to the stage of the disease and the combi
nation used (reviewed in [9]. To our knowl
edge there are no reports in addition to our 
studies of the use of oral etoposide and oral 
idarubicin in combination. 

The choice of treatment for AML in elder-
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ly patients is often problematic. AML in this 
age group is characterized by unfavourable 
prognostic features which are related both 
to the patient and the disease [26,27]. The 
patients often tolerate less well intensive 
chemotherapy due to underlying diseases, 
organ dysfunction or age-related modifica
tion of drug pharmacokinetics. AML at ad
vanced age is often preceded by a myelodys
plastic syndrome, and the proportion of pa
tients with unfavourable cytogenetic find
ings is higher than among younger patients 
[27]. For these reasons the results of chemo
therapy in this age group are relatively poor. 
Achieving complete remission is prognosti
cally favourable and should be the aim of the 
treatment [26]. However, the intensity that 
can be applied has to be considered individ
ually. Some elderly patients are in good gen
eral condition and can be given full intensive 
treatment, but in many cases this is not pos
sible, and then a moderately intensive treat
ment protocol is preferable. As cure is in 
these cases not a realistic goal, quality of life 
aspects become especially important, and 
oral treatment becomes attractive. 

The original idea in designing the ETI 
regimen was to have a treatment that could 
be given on an outpatient basis. We wanted 
to compare resource utilization as well as 
quality of life aspects in our randomized 
study. However, this was not successful. The 
first chemotherapy cycle is not optimal for 
the demonstration of potential benefits of 
oral treatment in these respects as the hospi
talization of a patient with fresh acute leu
kaemia is usually necessary regardless of the 
mode of treatment, and there are initially of
ten other causes for intravenous infusions in 
addition to the administration of cytotoxic 
drugs, such as the treatment of infection. 
Comparisons between subsequent cycles in 
the two arms were invalidated by the differ
ence in remission rate after the first cycle. In 
general, an advantage of oral over intrave
nous treatment in the length of the stay at 
hospital and the need for infusions would be 
more likely to appear in the consolidation 
phase than in the induction. 

To study further the possible advantages 
of oral consolidation treatment, the Finnish 
Leukaemia Group has initiated a new study 
of the treatment of AML in patients over 65 



years of age with de novo AML. The inclu
sion criteria are as in the previous random
ized study. To guarantee a uniform first 
treatment and to avoid any variability in the 
absorption of oral drugs, all patients first get 
the same intravenous treatment, cytarabine 
100 mg/m2 twice daily with 12 h intervals on 
days 1-6, and idarubicin 12 mg/m2 on days 4 
and 6. Thereafter the patients are random
ized to receive either two cycles ofETI or two 
cycles of TAl (thioguanine and cytarabine as 
in 5-day TAD, and in addition idarubicin 12 
mg/m2 on day 5). The randomization is 
stratified according to whether the patient is 
in remission after the first cycle or not. 
Maintenance treatment is given with mer
captopurine and methotrexate. In addition 
to parametres reflecting antileukaemic ef
fect, days spent at hospital, days with infu
sions, and toxicity are evaluated. 
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Abstract. The current treatment of Acute 
Myeloid Leukemia (AML) is based on inten
sive chemotherapy at different steps (induc
tion treatment, consolidation, treatment of 
relapse). Since these strategies induce pro
longed and severe myelosuppression, all pa
tients are nursed in specialized units and re
ceive a number of intravenous supportive 
treatments (antibiotics, antifungal treat
ments, red blood cell and platelet transfu
sions, parenteral nutrition, etc.) which are 
administered through a central line. There
fore the place of oral chemotherapy appears 
very limited in the overall management of 
AML. 

However, in some cases, giving an orally 
effective antileukemic drug partly on an 
outpatient basis could be an attractive alter
native. These conditions include palliative 
therapy of relapsed or refractory AML, con
solidation (or maintenance) therapy and in
duction therapy in poor-risk patients. Elder
ly patients represent the most important co
hort in the latter category. 

Treatment Strategies in Elderly Patients 
withAML 

The treatment of AML in patients over the 
age of 60 remains very disappointing [1]. 
While remission rates of 80% are commonly 
achieved in younger patients, complete re-

mission (CR) rates decline with increasing 
age. This is partly due to a lower tolerance of 
infectious and hemorrhagic complications 
and to extrahematologic side-effects of 
chemotherapy [2, 3]. However, the poorer 
prognosis seen in elderly patients is also ex
plained by intrinsic differences in the biolo
gy of leukemia. Unfavorable FAB subtypes, 
unfavorable cytogenetic abnormalities, cy
tological evidence of trilineage abnormal
ities and preexisting myelodysplasia are 
more frequent in the elderly [2,3]. 

Early studies suggested that age had no ef
fect on the duration of remission. However, 
with the increasing use of intensive post-re
mission therapy, increasing age adversely af
fects the duration of remission because eld
erly patients cannot tolerate the repeated 
courses of intensive consolidation therapy 
used in younger patients [3]. 

Thus, while most cases of AML occur in 
patients over the age of 60 [4], the prognosis 
for these patients remains dismal. This ex
plains why many older patients are not in
cluded into clinical trials and why, in a sub
stantial proportion of cases, no treatment is 
offered beyond supportive care [3]. This 
purely palliative approach is justified by an 
unacceptable toxic death rate and by the fact 
that even if a remission is obtained after pro
longed hospitalization and life-threatening 
complications, it is often very short-lived 
and spent mostly in hospital. Economical 
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considerations as well as ethical issues must 
be raised when deciding the type of treat
ment in the elderly. 

A careful analysis of prognostic factors 
should help to make a decision. Beside age, 
these factors include performance status, 
white blood cell count, preexisting myelo
dysplasia, adverse prognosis cytogenetic ab
normalities. 

Three strategies are currently debated. 

Intensive Chemotherapy. The aim of the 
treatment is to achieve and maintain CR 
whatever the risks and the costs. This would 
be the first choice for elderly patients with a 
good performance status and with an ac
ceptable expected cure rate. 

Attenuated Dose Chemotherapy. The aim of 
the treatment is to prolong survival by 
achieving complete or partial remission, but 
with reduced risks and at lower costs. This 
would the first choice for patients in relative
ly good condition but with a poor prognosis. 

Palliative Approach. The aim of the treat
ment is not to induce remissions but to re
duce the time spent in hospital and to favour 
quality of life. This approach would be pref
erable in patients with a poor performance 
status and unable to tolerate any chemother
apy. 

Intensive Induction Chemotherapy in 
Elderly Patients with AML 

The high toxic rate during aplasia following 
intensive chemotherapy partly explains the 
lower remission rates seen in elderly pa
tients [5]. Hematopoietic growth factors (G
CSF or GM-CSF) have been introduced in 
the treatment of elderly patients with AML 
with the objectives of shortening the period 
of chemoinduced neutropenia, reducing the 
incidence and the severity of infections and 
increasing the CR rate. 

At least six placebo-controlled trials [6-
11] have recently addressed the issue of the 
impact of G-CSF or GM-CSF in the induc
tion treatment of AML in the elderly (Table 
1). In all these studies a significant reduction 
of time to neutrophil recovery has been ob-
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served in the groups of patients receiving 
the growth factor. However, in only 2 of them 
was this pharmacodynamic effect associat
ed with a higher CR rate [6,8]. 

The Role of Attenuated-Dose Regimen in the 
Treatment of Elderly Patients with AML 

In an attempt to reduce the early death rate 
observed with intensive induction treat
ments' dosage reduction has been investi
gated in several trials. Fifteen years ago, 
Yates et al. reported a higher remission rate 
and a lower toxic death rate in patients treat
ed with reduced doses of daunorubicin 
(47% and 41% respectively with 30 
mg/m2/day versus 31 and 54%, respectively, 
with 45 mg/m2/day) [12]. Similarly Kahn ob
served a lower incidence of early death with 
an attenuated dose DAT regimen as com
pared to the full dose DAT regimen (15 ver
sus 55%) [13]. 

Low-dose cytarabin (LD-Ara-C) has been 
considered as an attractive approach in the 
treatment of myelodysplastic syndromes 
and of AML in the elderly. In vitro studies 
had shown that LD-Ara-C could induce dif
ferentiation of leukemic cells. Thus, it was 
hoped that CR could be achieved using LD
ARA-C without the life-threatening compli
cations of chemoinduced bone marrow 
aplasia, with less transfusions and shorter 
hospital stays. However, in a meta-analysis 
of 53 publications on the role ofLD-Ara-C in 
AML, Cheson et al. found an overall CR rate 
of only 32% [14]. When focusing on the 
compiled results achieved in elderly pa
tients, Powell et al. found a CR rate of 
35% [15]. Moreover, in a majority of cases, 
LD-Ara-C did not induce differentiation of 
leukemic cells but rather had a cytotoxic 
effect. 

Tilly et al. conducted a randomized multi
center trial comparing LD-Ara-C with an in
tensive conventional chemotherapy [16]. 
Forty one patients over the age of 65 re
ceivedLD-Ara-C (20 mg/m2/dayfor 21 days) 
and 46 received a combination of rubida
zone and conventional dose Ara-C (200 
mg/m2/day for 7 days). The CR rate was 
higher after intensive chemotherapy (52 
versus 32%). However, the toxic death rate 
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was also higher (31 versus 10%) while par
tial remissions were more frequent with LD
Ara-C (22 versus 2%). As a consequence, 
there was no difference in overall survival 
between the two groups. Patients treated 
with LD-Ara-C required fewer transfusions 
and had a shorter hospital stay. 

Rationale for Using Oralldarubicin in Elderly 
Patients with AML 

Anthracyclins are the cornerstone of induc
tion therapy in AML. Intravenous Idarubi
cin (IDR) has proven effective and in three 
randomized studies was superior to dauno
rubicin administered at conventional doses 
[17-19]. 

Idarubicin is the only anthracyclin in cur
rent use that can be orally administered. Ida
rubicin is rapidly absorbed following oral 
administration and peak plasma concentra
tions are achieved between 2 and 4 h after in
gestion [20-22]. 

Although interpatient variability for bio
availability of oral IDR covers a wide range, 
most studies have reported an average bio
availability of around 30% [20-22]. However, 
the actual bioavailability should take into 
consideration both IDR and its active me
tabolite idarubicinol. The active metabolite 
may compensate for reduced bioavailability, 
yielding to an overall cytotoxic activity not 
inferior to that obtained by the i.v.route [22]. 
In a randomized trial on 100 patients with de 
novo AML (median age 41) Bezwoda et al. 
compared oral IDR (20 mg/m2/day for 3 
days) with intravenous doxorubicin (30 
mg/m2/day for 3 days) with identical dosag
es of Ara-C (100 mg/m2/day for 7 days). The 
CR rate was 67% with IDR and 58% with 
doxorubicin. Although the difference was 
not significant, the results were in favour of 
the oral anthracyclin. 

Phase II Studies of Oralldarubicin in Elderly 
Patients with AML 

In a pilot study in poor-risk patients, Lowen
thaI treated 9 patients aged 69-86 with oral 
IDR at a dose of 20-25 mg/m2/day on 3 con
secutive days and obtained only 6% CR [24]. 
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Keldsen treated 18 patients aged 63-86 with 
lower doses (15-20 mg/m2/day for 3 consec
utive days) and obtained 22% CR [25]. Paga
no used a combination of oral IDR (25 
mg/m2/day for 3 consecutive days) plus Ara
C (100 mg/m2/day given subcutaneously for 
7 consecutive days) [26]. Out of 17 patients 
aged 62-86, including 6 patients with re
lapsed AML, 47% achieved CR. 

Finally, we conducted two consecutive 
studies of oral IDR in patients over the age of 
65 [27,28]. 

In the first study, ID R was administered at 
a daily dosage of 30 mg/m2 for 3 consecutive 
days [27]. Twenty patients aged 65 to 79 (me
dian age 72) with previously untreated de 
novo AML were included in this study. Five 
patients whose bone marrow was still blastic 
on day 14 received a second course. Eight pa
tients (40%) achieved CR (6 after a single 
course). There were 1 early death, 4 deaths in 
aplasia and 7 failures. 

Extrahematologic toxicity was mild, with 
6 patients experiencing grade 3-4 WHO nau
sea and vomiting, and only 2 patients suffer
ing from grade 3 mucositis. 

For patients who attained CR the median 
duration of neutropenia was 19 days (range 
12 to 34) and the median duration of throm
bocytopenia was 18 days (4 to 40 days). All 
but one patient had to stay in hospital. 

We concluded that oral IDR was an effec
tive therapy for AML in elderly patients but 
that the total dose of 90 mg/m2 was too toxic 
to be administered safely outside the hospi
tal. 

In the second study, we used a combina
tion of oral IDR at lower doses (20 
mg/m2/dayfor 3 consecutive days) and stan
dard dose Ara-C (100 mg/m2/q 12 h given 
subcutaneously for 10 consecutive days) 
[28]. Thirty-two patients aged 65 to 82 years 
(median 76) with de novo AML were includ
ed in this study. Eight patients whose bone 
marrow was still blastic on day 20 received a 
second course with 3 days of IDR and 5 days 
of Ara-C. Complete remission was achieved 
in 13 cases (40.5%) (12 patients after a single 
course). There were 1 early death, 3 deaths in 
aplasia, 2 partial remissions and 13 failures. 
Again, the extrahematologic toxicity was 
mild with only 1 patient experiencing grade 
3 nausea and vomiting. All but 5 patients 



were entirely managed in hospital. The me
dian duration of neutropenia was 18 days (0-
36) and the median duration of thrombocy
topenia was 7 days (2-40). We concluded that 
these results were comparable to those ob
tained with conventional dose chemothera
py and that this combination could be con
sidered as an effective attenuated dose regi
men. 

Randomized Comparison of a Totally Oral 
Induction Treatment with an Attenuated 
Dose TAD 

Ruutu et al. addressed the issue of the effica
cy of an oral induction and consolidation 
regimen in patients fit enough to receive an 
attenuated dose regimen but not able to re
ceive fully intensive standard induction and 
consolidation [29]. 

Fifty-one patients with a median age of 73 
years (range 65-87) were included in the 
study. They were randomized to receive ei
ther a totally oral ETI regimen (25 patients) 
or conventional 5-day TAD regimen (26 pa
tients). Thirty-eight patients had de novo 
AML, 11 patients had AML subsequent to 
myelodysplastic syndrome and 2 patients 
had therapy-related AML. ETI consisted of 
VP16 (80 mg/m2/day) and thioguanine (100 
mg/m2/day twice dally) on days 1 through 5, 
and IDR 15 mg/m2/day on days 1 through 3. 
TAD consisted of oral thioguanine and IV 
Ara-C, both in the dose of 100 mg/m2 twice 
daily on days 1 through 5, and daunorubicin 
60 mg/m2 on day 5. The two groups were well 
balanced regarding the initial clinical char
acteristics. In the ETI group, CR was 
achieved in 15 patients (60%) (6 after the 
first cycle, 9 after a second identical cycle). In 
the TAD group, only 6 patients (23%) 
achieved CR (4 after the first cycle, 2 after the 
second cycle). The difference between the 
two induction treatments was significant (p 
= 0.007). There were no difference in gas
trointestinal toxicity, duration of neutrope
nia or thrombocytopenia, days in hospital, 
days with IV infusions, number of red cell or 
platelet transfusions. Patients in CR received 
a consolidation with the same treatment. 
The median survival was 9.9 months in the 
ETI arm and 3.7 months in the TAD arm. The 

survival was significantly longer in the ETI 
arm (p= 0.042). 

The authors concluded that the totally 
oral ETI regimen resulted in a significantly 
higher CR and longer survival than the 5-
day TAD regimen with no more toxicity. 

Conclusion 

Some patients with AML are suitable only 
for attenuated chemotherapy regimen. 
Within this group, elderly patients probably 
represent the largest cohort. 

Before deciding the type of treatment to 
use in patients over the age of 60-65, a 
thorough analysis of prognostic factors is 
necessary. These factors include perfor
mance status, FAB classification, preexisting 
myelodysplasia and cytogenetics. They help 
to define which patients are candidate to an 
intensive treatment given with a curative in
tent, which are candidate to an attenuated 
dose chemotherapy, and which are suitable 
only for a palliative approach. If an attenuat
ed regimen is chosen, oral IDR offers the op
portunity to propose an effective and well
tolerated induction therapy and could con
tribuate to a reduction of the time spent in 
hospital. 
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Abstract. We retrospectively analyzed a co
hort of 62 consecutive patients with AML 
aged more than 75, diagnosed between Janu
ary 1986 and December 1995. The median 
age was of 79 (range 76-86). Thirty-nine pa
tients were male and 23 female. In 9 patients 
a myelodysplastic syndrome preceded the 
onset of AML. Trilinear myelodysplasia was 
present in 26 patients (42%). In eleven cases 
(18%) a diagnosis of hypocellular leukemia 
was made. An active infection was found in 
10 patients (16%). Three patients were in PS 
1,24 in PS 2,27 in PS 3, and 8 in PS 4. An ag
gressive chemotherapy regimen, i.e.an an
thracyclin plus cytarabine (ARA-C), was 
given to 22 patients (35%); 7 patients (11 %) 
received low-dose ARA-C (LD-ARA-C) and, 
finally, 33 (53%) were managed with suppor
tive care only and/or hydroxyurea (HU) in 
case of leukocytosis higher than 30 x 109/1 
and/or severe bone pain. Therapeutic choice 
was significantly influenced by PS (p = 0.03), 
absence of infection (p = <0.000l), severe 
co-morbid disease (p = <0.000l), and diag
nosis of hypo cellular AML (p <0.00l). Com
plete remission (CR) was obtained in 7/22 
patients aggressively treated (32%), 0/7 in 
the group receiving LD-ARA-C, and in one 
patient treated with HU. The median survi
val for the whole patient population was of 
14 weeks. There was no significant differ
ence among the three treatment groups (12, 
12 and 15 weeks, respectively, p = 0.23). 
However, the outcome was significantly bet-

ter for patients achieving CR (median survi
val 32 weeks}. All patients managed with ag
gressive induction experienced profound 
cytopenia needing intensive support and 
prolonged hospitalization (median 41 days) 
that is significantly longer as compared to 
the remaining two groups (12 and 7 days, re
spectively,p = 0.0002). We conclude that in
tensive chemotherapy aiming at CR achieve
ment is not appropriate for most of very eld
erly patients with AML being costly, un
pleasant and requiring prolonged hospital
ization. However, a minority of patients 
seems to take advantage from an aggressive 
approach, therefore any effort should be 
made to preliminary identify this subset at 
diagnosis. 

Introduction 

Acute myeloid leukemia (AML) occurs pre
dominantly in the elderly, more than half of 
all cases being diagnosed in patients aged 
over 60 years and more than one third over 
70 [1-5]. The chronological age limits for 
identifying an AML patient as "elderly" are 
still controversial since thresholds of 55 to 
70 years have been adopted in different se
ries [6]. However, even in the absence of a 
general agreement, most investigators 
would agree that is reasonable to consider as 
"elderly" those AML patients aged 60 years 
or more. As matter of fact, most reports deal-
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ing with elderly AML patients adopt a cut
off point of more than 60 years [6, 7]. Given 
the progressive aging of the general popula
tion, the frequency of the disease in the eld
erly is expected to further rise in the future, 
namely in individuals with very advanced 
age, i.e. over 75 years old. In this latter subset, 
although clinical experience suggests that 
hematologists tend to be rather reluctant to 
submit patients to intensive treatment pro
grams, quantitative information concerning 
the rate of inclusion into chemotherapy 
trials as well as the clinical outcome is sub
stantially lacking [8]. Because the proper 
management of these patients is likely to 
gain increasing clinical relevance in the fu
ture, it is important to provide data on the 
clinical characteristics and therapeutic re
sults currently achieved in these extremely 
aged AML patients. Here we report our expe
rience on a series of 62 consecutive AML pa
tients older than 75 years observed at our in
stitutions during the last decade. 

Patients and Methods 

Sixty-two patients aged> 75 were diagnosed 
as having AML between January 1986 and 
December 1995 at our institutions. This fig
ure represents 10% of the whole AML pa
tient population observed during the same 
period. Diagnosis was based on convention
al morphologic and cytochemical FAB crite
ria [9].In 38 cases (61 %),immunophenotyp
ic studies, performed as previously de
scribed [10], were also made. There were 39 
males and 23 females. The median age was 
79.3 years (range 76-86). Thirty-eight pa
tients (61%) were aged between 76 and 80, 
while 24 (39%) over 80. Main clinical and he
matological characteristics at diagnosis are 
summarized in Table 1. Three patients were 
in performance status (PS) 1,24 in PS 2,27 in 
PS 3 and 8 in PS 4, as assessed according to 
WHO criteria. In 9 patients (14%) a previ
ously diagnosed myelodysplastic syndrome 
(MDS) preceded the onset of AML (3 AREB, 
5 AREB-t and 1 CMML, respectively). How
ever, in 26 patients (42%) morphological tri
lineage myelodysplasia (TrMDS), as defined 
according to the criteria of Brito-Bapapulle 
et al [11], was found. Eleven patients (18%) 
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Table 1. Clinical and hematological characteristics at 
diagnosis 

No. 

Sex (M/F) 
Age (years) 
MDS 
TrMDS 
Hypocellular AML 
PS 1 (WHO) 
PS2 
PS3 
PS4 
Active documented infection 
FABMI-M2 
FABM4-M5 
Blasts in PB (x 109!1) 
Hemoglobin (~/dl) 
Platelets (x 10 II) 
Serum albumin < 3 gldl 
Serum creatinine> 2.5 gldl 
Serum LDH (lUll) 

62 

39/23 
79 (76-86) 
9 (14.5%) 
26 (42 %) 
11 (17.7.8%) 
3 (4.8 %) 
24 (38.7 %) 
27 (43.5 %) 
8 (14.8%) 
10 (16.1 %) 
26 (41.9 %) 
36 (58.1 %) 
27 (0.04-240) 
8.5 (5.5-12.2) 
55 (9-580) 
17 (27.4 %) 
4 (6.4 %) 
792 (178-3581) 

had a diagnosis of acute hypo cellular leuke
mia defined by markedly reduced bone mar
row cellularity, pancytopenia and low count 
or absence of blast cells in the peripheral 
blood [12, 13].A decrease in serum albumin 
concentration ( < 3 g/dl) was observed in 17 
patients (27%), while a serum creatinine val
ue > 2.5 mg/dl was found in 4 patients (6%). 
Seventeen patients (27%) presented with 
antecedent chronic disease requiring specif
ic therapeutic intervention, while 10 (16%) 
had a documented active infection. 

Twenty-two out 62 patients (35%) were 
selected for intensive induction therapy. De
pending on the period of observation, i.e., 
before or after June 1991, induction treat
ment consisted of a combination of either 
daunorubicin (DNR) at the dose of 40 
mg/m2 intravenously (i.v.) on day 1 plus cy
tosine-arabinoside (ARA-C) at the dose of 
100 mg/m2 every 12 h from day 1 to 5 in 12 
cases, or of idarubicin (IDA) (10 mg/m2 i.v.) 
days 1 to 3 plus ARA-C in 10 patients, respec
tively. Post-remission treatment was given 
to all patients achieving CR. In patients 
treated with DNR, a second identical induc
tion course was administered, while in the 
group treated with IDA consolidation con
sisted of one course of IDA (10 mg/sqm on 
day I), ARA-C (100 mg/m2 every 12 h from 
day 1 to 5) and etoposide (100 mg/m2 from 
day 1 to 5). Seven patients (11%) received 



Table 2. Clinical and hematological characteristics at 
diagnosis by different therapeutic approach 

inten- LDARA-C Suppor-pvalue 
sive tive 
induc- treat-
tion ment 

No. 22 7 33 

Age 78.8 80.1 79.6 0.74 

PS 1-2 12 2 11 

PS 3 10 4 15 0.03 

PS4 0 1 7 

Severe co- O 0 15 <0.0001 
morbid 
disease 

Active 0 0 10 <0.0001 
infection 

Hypo- 0 0 11 <0.0001 
cellular 
AML 

Blasts in PB 21 34 26 0.15 
(x 109/1) 

SerumLDH 753 721 811 0.24 
(IUIl) 

Days of 40 12 7 <0.0001 
hospita-
lization 

low-dose of ARA-C (LDARA-C) that is 10 
mg/m2 every 12 h for IS-21 days subcutane
ously, and finally 33 patients (S3%) were 
treated by supportive care only and/or hy
droxyurea in the case of leukocytosis higher 
than 30 x 109/1. The reasons for exclusion 
from any treatment including LDARA-C 
were: (a) diagnosis of hypo cellular leukemia 
in 11 patients (18%); (b) severe renal failure 
in 4 (6%); (c) preexisting co-morbid disease 
in 15 (24%); (d) active infection in 10 (16%); 
(e) PS 4 in 8 (13%). More than one of these 
features were simultaneously present in 
some patients. No well established criteria 
were adopted to assign patients to LDARA
C; possibility to administer the treatment in 
a outpatient setting, geographical reasons 
(distance from our institution) and relatives 
attitude were mostly discriminant in select
ing between LDARA-C and supportive care. 
Age did not differ among the three groups 
(78.8 for intensive chemotherapy subset, 
80.1 for LDARA-C patients, and 79.6 for pa
tients receiving supportive treatment only, p 
= 0.84). On the contrary, PS was significantly 

different when the three groups were com
pared (p = 0.03). Table 2 summarizes main 
patient characteristics at diagnosis by differ
ent therapeutic approach. Survival curves 
were calculated according to the method of 
Kaplan and Meier [14], differences between 
survival curves were evaluated by the log
rank test. 

Results 

The median overall survival (OS) of the 
whole patient population was of 14 weeks 
and is depicted in fig 1. Complete remission 
(CR) was obtained in 7 out of 22 patients re
ceiving intensive induction (32%). All pa
tients achieving CR experienced profound 
pancytopenia requiring intensive support in 
terms of both blood and platelet transfu
sions. Among the IS patients who failed to 
achieve a CR, hypoplastic death (death oc
curring during marrow hypoplasia) oc
curred in S cases (33%). Infection was the 
cause of death in 3 patients, while two pa
tients died of cerebral hemorrhage. Primary 
drug resistance (defined either as remission 
induction therapy failing to produce signifi
cant bone marrow hypoplasia in patients 
surviving IS or more days after therapy, or 
leukemic regrowth following aplasia) oc-
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Fig. 1. Overall survival of the whole patient popula
tion (median 14 weeks) 

8S7 



% SURVIVAL 

100, 
i ' I 
II 

I: 
80 -I 

601 

", , 

,_, 

0'------

--

o 6 12 

-- CA-+

CA-

18 24 

MONTHS 

30 36 

Fig. 2. Survival according to CR achievement (p = 
0.009) 

curred in 10 patients (45%). Extrahemato
logical toxicity of grade> 2 occurred in 18 
out of 22 patients and consisted of 15 epi
sodes of mucositis, 13 of infections, 2 of neu
rologic toxicity, 1 of acute fatal renal failure 
and 1 of severe cardiac arrhythmia. The me
dian as and disease free survival (DFS) for 
this group of patients were of 12 and 28 
weeks, respectively. One patient is still alive 
and in first CR at 36 months from diagnosis. 
The median survival for patients achieving 
CR was 32 weeks; CR achievement had a sig
nificant impact on as, as showed in Fig. 2. 
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Fig.3. Survival according to treatment (p = 0.43) 
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No patient treated with LDARA-C achieved 
CR. One died early in induction, while 6 of 
them were refractory. Five out of 7 patients 
were managed as outpatients. Median as for 
LD-ARA-C patients was 12 weeks. Among 
patients receiving only support one patients 
achieved CR while in treatment with hy
droxyurea; the median survival for this 
group was of 15 weeks. No patient with hy
po cellular variety received any kind of 
chemotherapy and median survival was of 8 
months, that is significantly better as com
pared to the remaining patient population 
(p = 0.01). In Fig. 3 survival for different 
therapeutic approach is shown; the differ
ence is not statistically significant (p = 0.43, 
according to the log-rank test). Patients re
ceiving aggressive induction had a median 
hospitalization of 40 days (range 3-83), while 
those treated with LDARA-C or supportive 
therapy were hospitalized for a median of 12 
and 7 days, respectively (range 2-28). The 
difference is highly statistically significant 
(p= 0.0001). 

Discussion 

A number of studies and reviews dealing 
with the management of elderly patients 
with AML have been published in the recent 
years. In these reports elderly is identified as 
age> 55, > 60 or, more rarely, > 70 years and 
no specific information is usually given as 
specifically concerns very elderly patients, 
i.e. those aged over 75 years [8,15]. The inci
dence of AML is increasing in this latter age 
category due to either the progressive aging 
of the general population or to an improved 
referral of elderly patients to hematological 
departments for diagnostic work-up. None
theless, one should also consider that an un
determined number of these patients may 
not be referred to hematological institutions 
because of decisions stemming from either 
the general practitioner, or the family mem
bers (extremely advanced age, critical co
morbid disease, very low-life expectancy). 

In this study, we performed a critical anal
ysis on a series of 62 consecutive AML pa
tients aged more than 75 years observed at 
two different institutions in the south of Ita
ly during the last decade. As concerns the 



clinico-hematological characteristics at di
agnosis, typical features of elderly AML pa
tients were found. As matter of fact, high in
cidence of preceding MDS was present 
(14%) as well as a high frequency of trilinear 
dysplastic abnormalities also in apparently 
de novo cases, suggesting that in some pa
tients a subclinical undiagnosed MDS could 
have preceded the onset of AML. In addition, 
11 patients (14%) presented with hypocellu
lar AML, an AML variety almost exclusively 
seen in individuals older than 50 years [12-
13]. All these patients showed markedly hy
po cellular bone marrow and profound pe
ripheral pancytopenia with low blast cell 
count. Although some authors suggested 
that aggressive treatment may be of benefit 
in selected patients with hypo cellular AML 
[12], in the elderly the clinical behavior 
strictly resembles that of MDS (smoldering 
acute leukemia) rather than of typical AML. 
In our series, no patient with hypo cellular 
variety received any kind of chemotherapy 
and median survival was of 8 months, that is 
significantly better as compared to the re
maining patient population. Hence, we con
firm that a watch and wait approach is prob
ably the treatment of choice for elderly pa
tients with hypo cellular AML. Finally, a con
siderable number of patients presented with 
various degrees of hypoalbuminemia and 
renal failure. The latter in 4 cases (6%) was a 
main reason of exclusion from any aggres
sive treatment. 

Twenty-two of 62 patients (35%) were se
lected for aggressive induction treatment. 
There was no difference as concerns the me
dian age of patients who received intensive 
chemotherapy as compared to those man
aged with LDARA-C or supportive manage
ment. This is not surprising if we consider 
the restricted age range of our patient popu
lation (76-86 years). On the contrary, PS did 
significantly differ between the two groups, 
more than 50% of patients aggressively 
treated being in stage < 3, as compared to 
72% of the remaining patients. The presence 
of co-morbid disease requiring specific 
treatment, namely cardiac or respiratory 
failure, was the additional main criteria ad
dressing the therapeutic choice. Finally, pos
sibility to administer the treatment in an 
outpatient setting, geographical reasons 

(distance from our institution) and 
relatives' attitude were usually discriminant 
for selecting between LDARA-C and sup
portive care. Thus, as usually happens in the 
management of elderly leukemic patients 
[16,17], during our process of clinical deci
sion making, we operated a relevant selec
tion as concerns inclusion into chemothera
py trials, although these had been specifical
ly developed for elderly AML patients. This 
may account for the relatively low rate of in
duction death (22%) observed in this study 
as compared to other series dealing with 
very elderly patients [15]. Notwithstanding, 
the CR rate was low (32%), mainly due to a 
relevant percentage of refractory cases 
(45%), confirming that the unsatisfactory 
therapeutical results usually obtained in 
AML of the elderly, apart from the impaired 
patient capacity to withstand the side effects 
of chemotherapy, are also due to peculiar bi
ologic characteristics of leukemic cells [5, 
18-20]. The median survival for the whole 
patient population was of 14 weeks. Overall, 
patients aggressively treated did not fare 
better than those receiving a less intensive 
approach. However, patients achieving CR 
had a significantly longer survival and one 
patient is still alive and in first CR at the time 
of writing at 36 months from diagnosis. In 
conclusion, while these results seem to con
firm the general feeling that aggressive 
chemotherapy leading to bone marrow apla
sia is not an appropriate therapeutic option 
for the majority of very elderly AML patients 
even though a relevant selection is operated 
at diagnosis, on the other hand they suggest 
that selected patients can take substantial 
advantage from intensive chemotherapy. We 
feel that the adoption of PS and absence of 
co-morbid disease as unique criteria to as
sign patients to intensive regimens is mis
leading. Therefore, any effort should be 
made to precisely identify additional prog
nostic tools useful to select at diagnosis the 
elderly patients in whom chemotherapy 
may result in a true improvement of CR 
achievement and survival. The low number 
of patients treated with intensive induction 
regimens in this series do not allow to draw 
any conclusion as concerns association 
between pretreatment characteristics and 
response. However, in a cohort of patients 
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aged more than 60, we have recently demon
strated that unfavorable karyotype and high 
serum LDH level are significantly related to 
CR achievement and duration in AML [21]. 
Other authors have investigated additional 
parameters resulted as having high predic
tive prognostic value [22-24]. Thus, it seems 
now possible on the basis of pre-treatment 
characteristics at diagnosis to identify a spe
cific subset of elderly AML patients with 
substantially absent chance of achieving CR 
of prolonged duration. Alternative ap
proaches including differentiating agents, 
new drugs able to circumvent the multiple 
drug resistance, growth factors in combina
tion with old drugs [25] should be offered to 
the above patients, because conventional 
chemotherapy is in most cases ineffective as 
well as costly, unpleasant and associated 
with high mortality and morbidity rate. 
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Abstract. In the period 01. 01. 1984-31. 12_ 
1995 a total of 317 adult AML patients were 
diagnosed in the counties of Funen and 
Ribe, corresponding to an annual incidence 
rate of 4.8/105• The median age of these pa
tients was 68 years. Curative chemotherapy 
was administered to 203 patients (64%) with 
a median age of 62 years. The three consecu
tive 4-year periods were characterized by 
somewhat different principles of AML treat
ment. In the periods 1984-1987 and 1988-
1991 most patients received daunorubicin
AraC, and aclarubicin-AraC, respectively, as 
induction therapy. In both periods three 
fourths of CR patients received high-dose 
AraC based post-remission therapy. In the 
period 1991-1995 almost all patients were 
treated with repeated courses of mitoxan
trone and high-dose AraC. The CR rate in
creased from 43% to 77% in the study peri
od. The duration of CR did not change over 
time, whereas a prolongation of survival was 
seen, indicating that around 20% of all pa
tients with AML can now be cured. 

Introduction 

It has been estimated that, using standard 
induction therapy, comprising an anthracy
cline and cytosine arabinoside (AraC), and a 
post-remission regimen including high
dose AraC (HD-AraC),25% of all adults with 
de novo AML will be cured [1]. This estimate 

presumably applies to younger patients in 
particular. Population-based data obtained 
before the introduction ofHD-AraC as post
remission treatment point to much lower 
cure rates [2-4]. Notwithstanding the impor
tance of randomized studies, population
based data from uniformly treated patients 
may contribute valuable background infor
mation regarding distribution of prognostic 
subgroups and outcome of therapy. 

The present study describes the overall re
sults of treatment in three differently treated 
complete cohorts of AML patients diag
nosed in two Danish counties in three con
secutive 4-year periods. 

Material and Methods 

Patients 

We reviewed all cases of AML (de novo and 
non-de novo) diagnosed in the counties of 
Funen and Ribe ( - 550000 inhabitants::::: 15 
years) from 01.01.1984 to 31.12.1995. The 
patient records were retrieved via the files of 
the hospitals and departments of pathology 
in the two counties. 

Diagnosis 

In both counties, AML was diagnosed by 
haemopathologists, often in collaboration 

1 Department of Haematology, Odense University Hospital, Denmark 
2 Department of Internal Medicine, Esbjerg Hospital, Denmark 
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with consultant haematologists. A morpho
logical diagnosis of all patients treated with 
curative intent was made by or in collabora
tion with haemopathologists at Odense Uni
versity Hospital (OUH). 

Referral Pattern and Treatment 

The Department of Haematology, OUH, is a 
tertiary referral center in a teaching hospi
tal, situated in the county of Funen. As ap
plies to the diagnostic evaluation, AML 
treatment of patients from the county of 
Ribe took place in collaboration with the 
Department of Haematology, OUH, which 
took care of all patients undergoing curative 
chemotherapy. 

In the three consecutive 4-year periods 
from 1984 to 1996, we employed three differ
ent principles of chemotherapy: In period I 
(1984-1987) most patients received dauno
rubicin and AraC as induction therapy. In 
period II (1988-1991) most patients received 
aclarubicin and AraC. In both periods the 
majority of patients received HD-AraC 
based post-remission therapy. Almost all 
patients in period III (1992-1995) were treat
ed with repeated courses of mitoxantrone 
and HD-AraC. 

Statistical Evaluation 

Survival curves were drawn according to the 
method of Kaplan-Meier. The log rank test 
and the logrank test for trend were used for 
comparison of survival and continuing 
complete remission times. Comparisons of 
proportions were performed using the Chi
square test. 

Results 

Patient Characteristies 

A total of 317 adult AML patients were diag
nosed in the 12-year period (1984-1996). 
This corresponds to an annual incidence 
rate of 4.8/105• 

De novo AML was seen in 299 cases, non
de novo AML in the remaining 18 patients 

Table 1. Patient's characteristics 

Period I Period II Period III 

Diagnosed patients 
Number 106 106 105 
Median age 67 years 67 years 67 years 
Age range 19-92 15-89 19-90 
Sex (M/F) 1.12 1.26 1.19 

Treated patients 
Number(%) 67 (63%) 66a (62%) 70 (67%) 
Median age 61 years 62 years 62 years 
Age range 19-78 15-77 19-82 
Sex (M/F) 1.03 1.87 1.12 
Median follow-up 
time (months) 127 81 30 

a Excluding two patients treated elsewhere. 
Period I: 01.01.1984-31.12.1987. 
Period II: 01.01.1988-31.12.1991. 
Period III: 01.01.1992-31.12.1995. 

(periods I, II, and III: 5,3, and 10 patients, re
spectively). The patients are further charac
terised in Table 1. 

Treatment 

Overall, 203 patients received chemotherapy 
with curative intent. Except for two patients 
in period II who were treated elsewhere (and 
who died without attaining a CR) these pa
tients make up all intensively treated AML 
patients from the two counties, correspond
ing to 64% of all patients with an AML diag
nosis. The remaining patients received palli
ative treatment with hydroxyurea or suppor
tive care only. 

In period I (1984-1987) two-thirds of the 
treated patients received daunorubicin
AraC as induction therapy, one fourth re
ceived aclarubicin-AraC, and the remaining 
patients received HD-AraC/amsacrinel 
AraC/VP16 in various combinations. HD
AraC based post-remission therapy was ad
ministered to three fourths of CR patients. 

In period II (1988-1991) two-thirds of the 
treated patients received aclarubicin-AraC 
as induction therapy, one fifth received mi
toxantrone-AraC; the remaining patients 
received HD-AraC ± mitoxantrone/amsa
crine. As in period I, three-fourths of the CR 
patients received HD-AraC based post-re
mission therapy. 
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In period III all patients except three re
ceived repeated courses of mitoxantrone 
and HD-AraC (20 mg mitoxantrone/d for 3 
days and AraC 2 g every 12 h for 5 days). The 
remaining three patients received acla
AraC, dauno-AraC, and HD-AraC, respec
tively, as induction therapy. The CR patients 
in period III received on average 3 courses 
(range: 1-5) ofmitoxantrone-HD-AraC. 

Complete Remission Rates 

Period I: 43%; period II: 50%; period III: 
77%. In patients less than 60 years: period I: 
56%; period II: 61 %; period III: 88%. In pa
tients over 60 years: period I: 31 %; period II: 
42%; period III: 68%. The differences 
between the CR rates in period III and those 
of periods I and II are highly significant (p= 
<0.001). 

Toxic Deaths 

Toxic deaths (including early death, death in 
hypoplasia, and therapy-related death in 
CR) were seen in 21, 17, and 9% in periods I, 
II, and III, respectively, the difference 
between period I and period III being statis
tically significant (0.025 < p <0.05). No toxic 
deaths were seen in patients under 60 years 
of age in periods II and III. 

Duration of Complete Remissions 

The CR duration in the three study periods 
are shown in Fig. 1. It can be seen that the 
curves stabilize, corresponding to 30-40% of 
the CR patients being in continuing com
plete remission, with no difference between 
the periods (p = 0.93; logrank test). 

Survival times 

Figure 2 shows the survival curves of the pa
tients receiving curative chemotherapy. Ap
plying the logrank test for trend, a prolonga
tion of survival in the course of the study pe
riod was seen (p = 0.021). The curves of peri
ods II and III did not differ significantly. 

The survival curves corresponding to all 
diagnosed patients are shown in Fig. 3. 
Again, application of the logrank test for 
trend showed prolongation of the survival 
over time. The curves of periods II and III 
did not differ significantly. 

Discussion 

The very few population-based data avail
able suggest that 5-10% of all adult AML pa
tients are cured [2-4]. Treating two-thirds of 
all patients in a well-defined AML popula
tion during three 4-year periods character-
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ized by somewhat different principles of 
AML treatment, we obtained encouraging 
results in the last two periods, indicating 
that around 20% of all patients with AML 
can now be cured. 

In the period 1984-1996, the CR rate in
creased from 43 to 77%. This remission rate 
is higher than expected in an AML popula
tion with a median age of 62 years [3-7]. The 
improved CR rate in period III was due to 
fewer patients with resistant disease and 
fewer toxic deaths. Uncontrolled observa
tions suggesting a higher CR rate in patients 
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treated up-front with HD-AraC [8] have not 
been substantiated by the results of random
ized studies [9,10], and there are no data 
from randomized studies indicating that 
mitoxantrone is associated with a higher CR 
rate than achieved with generally used an
thracyclines. However, a study comparing 
daunorubicin with mitoxantrone showed 
that patients in the mitoxantrone group 
were more likely to achieve CR with one in
duction course [5]. The declining toxic death 
rate in our patients may be a consequence of 
unappreciated changes in supportive care. It 
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is likely, however, that the favourable ex
tramedullary toxicity profile of mitoxan
trone [11] is of greater importance. 

Our fixed AraC dose, roughly correspond
ing to 10 doses of 1.2 g/m2,combines favour
able cellular pharmacology [12] with accept
able toxicity. 

There is reason to suggest that intensified 
induction therapy prolongs remission dura
tion [9]. The unchanged CR duration over 
time in the present study may be a conse
quence of more high risk patients achieving 
a temporary, maybe clonal, remission in pe
riodIII. 

The promising survival rate in period II is 
to some extent a result of successful salvage 
therapy. Thus 45% of patients from period 
II being in CR at the end of the follow- up pe
riod had been salvaged following induction 
failure or relapse. One third of these sal
vaged patients had received an allogeneic 
transplant. Corresponding salvage figures 
in periods I and III were 30 and 12%, respec
tively. 

The effect of patient selection and exclu
sions on remission and survival rates has 
been demonstrated previously [13]. The pat
tern of referral and registration of Danish 
AML patients makes us confident that the 
AML population of the present study is truly 
representative of this disease. This sugges
tion is further supported by the high median 
age of our patients, by the uniformity of pa
tient characteristics over time, and by the 
high annual incidence rate. 
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Abstract. Specific chromosome aberrations 
are one of the most important predictive fac
tors for response rate and remission dura
tion in acute myeloid leukemia (AML). In 
June 1993, we initiated a multicenter treat
ment trial for adult AML (AML HD93) in 
which the karyotype is used for stratifying 
postremission therapy. The patients, except 
those with acute promyelocytic leukemia, 
receive an intensive double induction chem
otherapy consisting of 2 cycles of idarubicin, 
standard-dose cytarabine and etoposide 
(ICE), followed by an early consolidation 
therapy with high-dose cytarabine and mi
toxantrone (HAM). For second consolida
tion, patients::5 55years are stratified into 
three treatment arms: 
1. low-risk, defined by t(8;21), inv(16), 

t(15;17): HAM; 
2. intermediate-risk, normal karyotype: al

logeneic bone marrow transplantation 
(BMT) for patients with an HLA-identi
cal sibling, or S-HAM; and 

3. high-risk, all other chromosome aberra
tions: allogeneic or autologous BMT. 

Patients older than 55 years are treated ac-

cording the low-risk arm. At present, 172 pa
tients (median age: 44 years; range: 16-60 
years) are eligible. Central cytogenetic diag
nosis which included chromosome banding 
analysis and molecular screening by fluores
cence in situ hybridization was successful in 
167 of the 172 (97%) leukemias. Complete 
remission (CR) rates were 98,81 and 56% for 
the low-, intermediate- and high-risk group, 
respectively. The estimated disease-free sur
vival (DFS) at 1.5 years is 67, 58 and 45% for 
the respective groups. In conclusion, the re
sults confirm the high predictive value of the 
karyotype for achieving a CR. Although the 
median follow-up time is short, our prelimi
nary data suggest that intensive double in
duction chemotherapy with ICE and postre
mission therapy that is stratified according 
to the karyotype may improve DFS for the 
intermediate- and high-risk leukemias. 

Introduction 

In acute myeloid leukemia (AML), numer
ous chromosome aberrations have been 
identified that, in part, define distinct bio-

1 Medizinische Klinik and Poliklinik V, University of Heidelberg, Germany 
2 Stiidtisches Krankenhaus, Oldenburg, Germany 
3 Medizinische Klinik, Universitiitskliniken des Saarlandes, Germany 
4 Medizinische Klinik, University of Giessen, Germany 
5 Stiidtisches Klinikum, Karlsruhe, Germany 
6 Medizinische Klinik, University ofWUrzburg, Germany 
7 Robert RossIe Klinik, Berlin, Germany 
8 Krankenhaus der Barmherzigen BrUder, Trier, Germany 
9 Biirgerhospital, Stuttgart, Germany 

10 Stiidtisches Krankenhaus, Saarbriicken, Germany 
II St. Vincentius Krankenhiiuser, Karlsruhe, Germany 
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logical subgroups ofleukemias [1,2]. In ret
rospective and prospective treatment trials, 
it has been shown that these chromosome 
aberrations are one of the most important 
predictive factors for response rates and re
mission durations [2]. Although such prog
nostic factors may highly depend on the 
therapy used, some consistent features have 
emerged over time. Leukemias which carry 
the translocation t(8;21) or the inversion 
inv(16) almost invariably have been shown 
to be associated with high complete remis
sion (CR) rates and long survival times, 
whereas leukemias e.g. with monosomies or 
deletions of chromosomes 5 and 7 have a 
very poor outcome. Furthermore, sub
groups of leukemias defined by specific 
chromosome aberrations may benefit from 
certain chemotherapeutic agents in postre
mission therapy [3]. It therefore seems at
tractive to use these prognostic factors to in
dividualize the treatment of patients with 
AML. This could avoid excessive toxicity re
lated with allogeneic or autologous stem cell 
transplantation in a group of patients which 
has a high probability of being cured by con
ventional chemotherapy. On the other hand, 
patients with leukemias which have poor 
prognosis karyotypes may be assigned to 
more intensified treatment regimens, i.e. 
high -dose chemotherapy with hematopoiet
ic stem cell transplantation. 

In June 1993 we initiated a multicenter 
treatment trial for patients with AML aged 
16 to 60 years, in which postremission thera
py is stratified according the karyotype. The 
objective of this ongoing treatment trial is to 
evaluate whether this strategy will result in 
an improvement of disease-free (DFS) and 
overall survival in genetically defined sub
groups of AML. 

Materials and Methods 

Patients 

Between June 1993 and February 1997, 194 
patients from 11 institutions, 16 to 60 years 
old, with newly diagnosed AML were en
tered. Patients with secondary AML follow
ing a primary malignancy were included, 
while patients with preexisting myelodys-
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plastic or myeloproliferative syndrome were 
excluded from the protocol. Twenty-two pa
tients were ineligible: 7 patients were diag
nosed as having acute lymphoblastic leuke
mia, 8 had a preexisting myelodysplastic or 
myeloproliferative disorder; and there was 
protocol violation in 7 cases. Leukemias 
were diagnosed according to the criteria of 
the French-American-British (FAB) classifi
cation [4]. Of the 172 eligible patients, 158 
had de novo AML and 14 had secondary 
AML. The study was approved by the local 
Ethical Review Committee, and written in
formed consent was obtained from all pa
tients. 

Central Cytogenetic Analysis 

Cytogenetic analysis, including convention
al chromosome banding analysis and inter
phase cytogenetics using fluorescence in 
situ hybridization (FISH), were done cen
trally for all patients as previously described 
[5,6]. 

Treatment Plan 

Double Induction Therapy. The treatment 
plan is shown in Fig. 1. Patients received a 
double induction therapy consisting of 2 cy
cles of ICE (idarubicin 12 mg/m 2, day 1,3,5 
i.v.; cytarabine 100 mg/m 2 continuously i.v., 
day 1-7; etoposide 100 mg/m2, day 1-3 i.v.). 
The second cycle ICE which included the 
administration of R-metHuG-CSF (filgras
tim) (300 flg s.c. daily 24 h after completion 
of chemotherapy) was started on day 28 
provided that at least a partial remission 
was achieved. Patients with leukemias 
which were refractory to the first cycle of 
ICE (i.e., more than 30% blasts in the BM) 
received the second induction cycle accord
ing to the HAM protocol (cytarabine 3 
g/m2/12 h, day 1-3 i.v.; mitoxantrone 12 
mg/m2, day 2-3 i.v.). Patients with acute pro
myelocytic leukemia (APL) received induc
tion therapy according to the AIDA protocol 
(all-trans retinoic acid 45 mg/m p.o., day 1-
28; idarubicin 12 mg/m, day 2, 4, 6, 8 contin
uously i.v.) [7] followed by the second in
duction cycle with ICE. 
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Early Consolidation Therapy and Autologous 
Stem Cell Harvest. All patients in CR or PR af
ter double induction therapy were given a 
first consolidation therapy with HAM sup
ported by G-CSF 24 h after completion of 
chemotherapy. Optional peripheral blood 
progenitor cell aphereses were performed 
during the G-CSF supported hematological 
recovery [8]. Two to 3 weeks after the hemat-
010gical recovery a bone marrow harvest 
from the posterior iliac crest was performed 
in all patients in CR below the age of 56 years 
lacking an HLA-identical sibling. 

Stratification of Late Consolidation Therapy 
according to the Karyotype. Late consolida
tion chemotherapy in patients younger than 
56 years was stratified according to the kar
yotype. The patients aged 56 to 60 years were 
treated in analogy to the low-risk arm of the 
study. The cytogenetically risk groups were 
defined as follows: 
1. Low-risk: t(8;21), inv(l6), t(l5;17) . Pa

tients within this group received a second 
consolidation therapy with HAM sup
ported by G-CSF. 

2. Intermediate-risk: normal karyotype. Pa
tients within this group received either s
HAM (cytarabine 3 g/m2112 h, day 1+2 
and day 8+9 i.v.; mitoxantrone lOmglm 2, 

day 3+4 and day 10+ 11 i. v.) [9], or alloge
neic bone marrow transplantation (BMT) 
if an HLA-identical sibling was available. 

3. High-risk: all other cytogenetic abnor
malities. These patients were assigned to 
either allogeneic or autologous BMT. 

Evaluation of Response 

CR was defined as <5% blasts in a normocel
lular BM, and PR was defined as >5% and 
<30% blasts with >0.5 X 109/1 neutrophils 
and> 100 X 10911 platelets in the blood and 
disappearance of all other signs ofleukemia. 
Relapse was defined as >5% leukemic blasts 
in theBM. 

Statistical Methods 

The data were analyzed with a close-out date 
of March 6, 1997. The remission status of all 
but 3 patients was known at this date. The 
DFS was measured from the date of achiev
ing CR to the date of relapse or the date of 
the last contact. Patients who died in CR 
were included as failures. Overall survival 
was measured from the date of diagnosis to 
the date of death for all patients who died. 

The data were analyzed on an intention
to-treat basis. Leukemias with t(8;21), 
inv(l6) or t(l5;17) and additional chromo
some aberrations initially were classified as 
high-risk leukemias and therefore, between 
June 1993 and April 1995, 5 of these patients 
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had allogeneic or autologous BMT. After the 
meeting of the protocol committee in May 
1995, all leukemias with t(8;21), inv(16) or 
t( 15;17) with or without additional chromo
some aberrations were classified as low-risk 
leukemias and treated with HAM for late 
consolidation. Statistical computations were 
performed using the statistical software 
packages SAS, Version 6.11 (SAS Institute 
Inc., 1995) and S-Plus, Version 3.3 (MathSoft 
Inc., 1995). Survival curves were estimated 
using the Kaplan-Meier product -limit meth-
0d. 

Results 

Central Cytogenetic Analysis 

The cytogenetic analysis was succesful in 
167 of the 172 (97%) leukemias. In five cases, 
no evaluable metaphase spreads were ob
tained on chromosome banding analysis 
and no clonal chromosome aberrations 
were detected by interphase cytogenetics. 
Thus, these five cases could not be assigned 
to one of the cytogenetically defined risk 
groups and they were excluded from further 
considerations. 

Remission Rates 

Complete remission (CR) was achieved in 
126 of the 164 (77%) patients who are evalu
able for response after double induction 
chemotherapy. 102 (81 %) patients achieved 
the CR after one induction cycle, the remain
ing 24 patients after the second cycle. The 
median time interval from day 0 of the first 
induction cycle to the start of the second in
duction cycle was 32 days (range: 19 to 152 
days). 

The response rates for the specific cytoge
netic subgroups are shown in Table 1. The 
CR rates for the low-, intermediate- and 
high-risk leukemias were 98% (39 of 40), 
81% (56 of 69), and 56% (31 of 55), respec
tively. In the low-risk group there were no 
leukemias refractory to induction chemo
therapy, whereas the rate of induction fail
ures was 6% (4 leukemias) and 35% (19 leu
kemias) in the intermediate- and high-risk 
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Table 1.Patient characteristics at diagnosis 

No. of patients 167 

Age (years) Median 44 
Range 16-60 

Sex Male 80 
Female 87 

Morphology (FAB) 
MO 4% 
M1 13% 
M2 26% 
M3 5% 
M4 22% 
M4Eo 7% 
M5 19% 
M6 3% 
M7 1% 

Hematological parameters Median Min Max 

Hemoglobin (g/dl) 8.5 4.3 15.7 
White cell count (x109/l) 13.3 0.6 345.0 
Platelet count (x109/l) 57 7 488 
Lactate dehydrogenase (IU II) 387 89 2992 
% blasts in blood 33 0 100 

group, respectively. Twenty-five of the 31 pa
tients who did not achieve remission upon 
the first cycle received the second induction 
chemotherapy with HAM and 7 (28%) 
achieved a CR. Three patients with leukemi
as refractory to double induction achieved 
the CR after allogeneic BMT. 

Survival Analysis 

Figure 2 shows the overall survival times of 
the patients according to the cytogenetic 
risk groups. The median follow-up time is 18 
months ranging from 0.5 to 45 months. 

Low-Risk. Thirty-one of the 39 patients 
achieving CR received HAM as late consoli
dation. Prior to the protocol revision in May 
1995,5 patients were treated according to the 
high-risk arm, i.e., 3 patients had allogeneic 
and 2 patients had autologous BMT as late 
consolidation. The leukemic cells of these 
patients exhibited secondary chromosome 
aberrations in addition to the specific trans
location or inversion. One other patient had 
allogeneic BMT because the leukemic cells 
of this patient had a normal karyotype on 
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chromosome banding analysis, but were 
later shown by molecular screening to carry 
an inv(16). One patient died during hypo
plasia following the second cycle ICE. 

Six of 18 (33%) patients with inv(16), 1 of 
12 (8%) patients with t(8;21) and 1 of 8 
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(13%) patients with t(15;17) relapsed 
between 6 to 13 months after achieving CR. 
All 6 patients with inv(16) achieved a second 
CR following reinduction therapy contain
ing high-dose cytarabine. One of these pa
tients died from complications of allogeneic 
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Fig.3.Disease-free (DFS) and overall survival (OS) of the 39 complete responders in the low-risk group 
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BMT. The remaining 5 patients are in contin
uous second CR: 3 after autologous blood 
stem cell transplantion (ABSCT), and two 
after repetitive cycles of high-dose cytara
bine. One patient with t(8;21) relapsed 9 
months after autologous BMT and did not 
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achieve a second CR. One patient with 
t( 15;17) had rein duct ion therapy with AIDA 
and is in continuous second CR after ABSCT. 
The DFS and the overall survival at l.5 years 
of the complete responders in the low-risk 
group is 67 and 92 %, respectively (Fig. 3). 



Intermediate-Risk. Of the 56 patients achiev
ing CR, 16 were 56 to 60 years old and re
ceived HAM as late consolidation. Of the re
maining 40 patients younger than 56 years, 
so far 10 received allogeneic BMT, 16 S
HAM, and 5 HAM as late consolidation. 
There were seven deaths in CR. Twelve of the 
56 (21 %) patients within the intermediate
risk group relapsed, one after allogeneic 
BMT, 3 after S-HAM, 6 after HAM and 2 be
fore late consolidation. All 12 patients who 
relapsed died without achieving a second 
CR. The DFS at 1.5 years is 58% for both the 
patients receiving allogeneic BMT and in
tensive chemotherapy (Fig. 4). 

High-Risk. Of the 31 patients achieving CR 
following induction therapy, 8 were 56 to 60 
years old and received HAM as late consoli
dation. Of the 24 patients younger than 56 
years, so far l3 received autologous BMT, 5 
allogeneic BMT and 3 either S-HAM or 
HAM. The three patients who were refracto
ry to induction chemotherapy but achieved 
CR after allogeneic BMT were included in 
the survival analysis. Four patients died in 
CR,2 of them during aplasia after early con
solidation and 2 after autologous BMT. 
Twelve patients relapsed, 11 of them did not 
achieved a second CR, and one patient is 
during reinduction. The DFS at 1.5 years of 
the 34 patients is 46% (Fig. 5). 

Discussion 

The objective of this ongoing multicenter 
treatment trial in AML is to evaluate wheth
er stratification of postremission therapy 
according to cytogenetic risk groups will re
sult in an improvement of disease-free and 
overall survival. 

All patients received an intensive double 
induction chemotherapy consisting of two 
cycles of idarubicin, cytarabine and etopo
side (ICE). The rationale for the use of this 
drug combination was twofold. First, the in
itial randomized trials comparing standard
dose cytarabine plus either daunorubicin or 
idarubicin have uniformly demonstrated a 
higher efficacy of the idarubicin containing 
regimen [11-l3]. A recent meta-analysis of 
randomized trials of idarubicin in AML sug-

gests that this anthracyclin not only im
proves CR rate but also survival compared 
with daunorubicin at least in younger pa
tients with de novo AML [14]. Secondly, the 
Australian Leukaemia Study Group (ALSG) 
has shown that etoposide when given in ad
dition to cytarabine and an anthracyclin in 
induction therapy significantly improves re
mission duration in patients younger than 
55 years [15]. 

The overall remission rate in our study 
was 77%. This rate is similar to the remission 
rates reported by others for idarubicin con
taining induction regimens [11-l3] and 
compares favorably to the CR rates reported 
by large leukemia study groups in which 
daunorubicin was used for induction thera
py [16-19]. In the latter studies, the CR rates 
for similar age groups ranged between 58 
and 71 %. Our study confirms the high pre
dictive value of the karyotype for achieving 
a CR. In the low-risk group, there were no 
leukemias refractory to induction treat
ment. The rate of induction failures was also 
low (6%) in the intermediate-risk group but 
increased to 35% in the high-risk group. 
Within the latter group, the highest CR rate 
was seen in leukemias with translocations 
involving chromosome band 11q23 (80%), 
whereas the CR rates remained low for leu
kemias exhibiting -5/5q- (38%), -7/7q
(31 %),and -17117p- (l3%) (Table 2). 

For postremission therapy, all patients in 
our study first received early consolidation 
with high-dose cytarabine in combination 
with mitoxantrone (HAM), followed by a 
second intensive consolidation therapy 
which was stratified according to the karyo
type. The design of the stratification was pri
marily based on the results of the study of 
the Cancer and Leukemia Study Group B 
(CALGB) reported by Mayer et al. [16] and 
Bloomfield et al. [3]. In this study the CALGB 
could show that the outcome of patients with 
the most favorable chromosome aberra
tions, t(8;21) and inv(l6), as well as of pa
tients with a normal karyotype, but not with 
most other aberrations, can be significantly 
improved by the use of high-dose cytarabine 
consolidation therapy. Accordingly, in our 
study patients within the low- and interme
diate-risk groups received a second cycle 
containing high-dose cytarabine. 
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Table 2.Distribution of patients with complete remission (CR), early death (ED), and refractory disease (RD) 
after two induction cycles according to specific chromosome abnormalities 

No.ofPts. CR ED RD 

Low-risk 40 39 (98%) 1 (2%) 
inv(16) 19 18 (95%) 1 (5%) 
t(8;21) 12 12 (100%) 
t(15;17) 9 9 (100%) 

Intermediate-risk 69 56(81%) 9 (13%) 4 (6%) 

High-risk 55 31 (56%) 5 (9%) 19 (35%) 

t(llq23) 15 12 (80%) 2 (13%) 1 (7%) 
-5/5q- 13" 5 (38%) 1 (8%) 7(54%) 
-7/7q- 16" 5 (31 %) 3 (19%) 8(50%) 
+8/8q+ 13" 7(54%) 2(15%) 4(31%) 
-17/17p- 8" 1 (13%) 1 (13%) 6(75%) 
Others 22 15 (65%) 1 (4%) 7 (31 %) 

164 126 (77%) 15 (9%) 23 (14%) 

a Because of complex karyotypes some leukemias are listed in more than one of these categories. 

The sensitivity of the low-risk leukemias to 
high-dose cytarabine is reflected in a DFS of 
67% at 1.5 years in our study (Fig. 3). This is 
somewhat lower than the 84% DFS at 5 years 
reported by the CALGB in a group of 18 pa
tients who had received four cycles of cyta
rabine (3 gm/m2, q12 h, dl-3) compared to 
only 2 cycles in our study. Interestingly, in 
our study 7 of the 8 patients in the low-risk 
group who relapsed achieved a second CR 
using reinduction therapy with cytarabine. 
One of the complete responders died from 
infectious complications after allogeneic 
BMT, however, the remaining 6 patients are 
in continuous second CR following trans
plantation with autologous blood progeni
tor cells collected in first CR (4 patients) or 
following repetitive cycles of high-dose cy
tarabine (2 patients). The overall survival of 
the low-risk patients is excellent with an es
timated probability of 90% at 1.5 years (Fig. 
3). This is higher than the 71% survival at 5 
years that was reported for the AML-l 0 trial 
of the Medical Research Council (MRC) in 
which allogeneic and autologous BMT was 
part of the postremission therapy in first CR 
[20]. From these preliminary data of our 
study and those of other multicenter trial we 
conclude that consolidation therapy with 
high-dose cytarabine will likely cure the ma
jority of patients with low-risk leukemias. 
High-dose chemotherapy with allogeneic or 
autologous progenitor cell transplantation 
should be reserved for relapsed patients. 
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The 58% DFS of the intermediate-risk 
group in our study compares favorably to all 
published series. Our patients were assigned 
to either allogeneic stem cell transplantation 
or to the S-HAM protocol which had previ
ously been shown to have considerable anti
leukemic activity in refractory leukemias 
[9]. Interestingly, so far we did not find a dif
ference of DFS between the patients who re
ceived allogeneic BMT and those who re
ceived S-HAM (Fig. 4). Our results provide 
further evidence that these leukemias, in 
analogy to the leukemias in the low-risk 
group, may benefit from high-dose cytara
bine consolidation. The reported probabil
ities of DFS for this risk group vary between 
17% and 46% at 3 years [21-27]. In these 
studies, by far not all patients were treated 
with dose intensified cytarabine in postre
mission therapy. In the CALGB study, the pa
tients in the intermediate-risk group who 
received high-dose cytarabine for consoli
dation therapy had a 37% DFS at 5 years [3]. 
This lower DFS may in part be explained by 
the fact that this analysis also included the 
elderly patients (>60 years). In the MRC 
AML-I0 trial [27], 672 of 1613 (42%) chil
dren and adults up to 55 years of age had a 
normal karyotype. The DFS at 5 years in this 
study was 41 %. 

In the CALGB study the outcome of the 
high-risk leukemias remained poor with a 
DFS at 5 years of only 15%, regardless of 
whether they had received cytarabine in a 



dosage of 100 mg, 400 mg or 3 g for consoli
dation [3]. In our group of high -risk patients 
younger than 56 years, 21 of 26 (80%) pa
tients received the intensified postremission 
therapy with either autologous or allogeneic 
BMT. The estimated DFS at 1.5 years of ap
proximately 45% is promising. However, it 
seems that only specific subgroups within 
the high-risk group most likely benefit from 
this intensified consolidation therapy, 
whereas the outcome of the leukemias asso
ciated with, e.g., -5/5q- or -7/7q- remains 
very poor. 

Although the median follow-up period is 
still short, the treatment strategy of our 
study will possibly result in an improvement 
of DFS for the high- and intermediate-risk 
leukemias. A subanalysis of the different ge
netic entities within the high-risk group 
may identify patients who benefit from our 
treatment approach and those who do not. 
New treatment strategies are required for 
leukemias, e.g., associated with abnormal
ities of chromosomes 5 and 7. 
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Introduction 

The treatment of acute myelogenous leuke
mia (AML) has improved over the past two 
decades with the introduction of postremis
sion bone marrow transplantation and bet
ter induction chemotherapy regimens [1,2). 
As the majority of patients for different rea
sons are not eligible for bone marrow trans
plantation many efforts have been taken to 
improve induction and postremission 
chemotherapy resulting in a higher re
sponse rate as well as a longer remission du
ration [2,3]. Cytarabine (Ara-c) has been an 
essential component of combination induc
tion therapy as it first produced long term 
survivors in AML. Recent data suggest that 
high dose cytarabine regimen (HD-Ara-c) 
as initial treatment prolongs remission du
ration and disease-free survival in patients 
with de novo AML [2]. The high antileuke
mic potential of HD-Ara-c in combination 
with Mitoxantrone (HAM) could be demon
strated in several studies [4,5). In an attempt 
to reduce early death rates and nonhemato
logical toxicity a modified HAM protocoll 
(c-HAM) was developed for AML patients. 
In contrast to bolus administration the con
tinuous infusion of mitoxantrone leads to a 
constant high long lasting plasma concen
tration of mitoxantrone up to 15 days after 
initiating therapy, is above a level necessary 
to kill human cells in vitro[6]. Furthermore 
cell kinetic studies revealed a conditioning 
effect of cytosine arabinosid for the subse-

quent administration of daunorubicin or 
mitoxantrone [7,8). 

In a pilot study comprising 23 patients 
promising results concerning response rate 
and early deaths resulting in a high thera
peutic index prompted us to evaluate the c
HAM protocol as induction as well as post
remission chemotherapy regimen in a larger 
cohort of patients with de novo AML [9]. 

Patients and Methods 

The prospective phase II study comprised 66 
consecutive patients (median age 55j range 
18-83 years). Patients who met the following 
criteria were included: (1) patients age> 18 
yrs.j (2) de novo AMLj (3) induction treat
ment with one of the following regimen: Cy
tarabin/Idarubicin (n = 43) or Cytarabin/ 
Daunorubicin/Thioguanine (n = 23). c
HAM was either used as second induction 
cycle(n = 19), consolidation therapy (n = 43) 
or both (n = 4). The age and sex was well bal
anced with 31 < 60 and 35> 60 years of age, 
34 women and 32 men. FAB-subtypes: Ml n 
=9jM2n= 14jM3n=2jM4n =32jM5n= 8j 
M6n= 1 

Treatment Protocols 

Induction therapy consisted of: cytarabine 
200 mg/m2 as continuous infusion on days I
S and idarubicin 12 mg/m2 as bolus infusion 

Klinische Abteilung fiir Hamatologie, Medizinische Universtitatsklinik Graz,Austria 

877 



on day 1-3 or DAT -regimen: daunorubicin 50 
mg/m2 as bolus infusion on days 1-3, cytara
bine 200 mg/m2 as continuous infusion on 
days 1-5 and thioguanine 100 mg/m2 every 
12 h per os on dars 1-5. cHAM consisted of 
HD-AraC 2 g/m for pts. ::0; 60 yrs and 
1 g/m2 for pts. > 60 yrs. given every 12 h by a 3 
h infusion on days 1-3 and mitoxantrone 10 
mg/m2 given by an 18 h infusion on day 1-3. 
CR was defined according to the cooperative 
acute leukemia group B (CALGB) criteria. 

Results 

Complete remission (CR) was achieved in 
92% of pts. ::0; 60 yrs. and in 56% of pts. > 60 
years. After a median observation period of 

10 (3-66) months, seventeen out of 31 pts. 
::0; 60 yrs. are alive, 13 pts. in continuous com
plete remission (CCR), 12 out of 35 pts. >60 
yrs. are alive, 4 of them in CCR. The disease
free-survival rate is shown in Fig. 1 and 2 for 
the different age groups. The overall-survi
val is shown in Fig. 3. 

The main nonhematological side effects 
included diarrhea, vomiting, nausea and 
mucositis. We observed no significant toxic
ity (WHO grade III-IV) concerning kidney, 
liver, CNS or heart, as previously described 
[6]. During the treatment of cHAM we did 
not observe any death. Early deaths were ob
served in 3% of the younger pts. and in 20% 
of the older patients group. There was no ob
jective relation between observed early 
death and application of cHAM regimen. 
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Relapse was the main cause of death in this 
study population(26) followed by infection 
7; bleeding 3; cardiac arrest 1. As previously 
described the cHAM regimen shows a my
eloablative effect comparable to other regi
mens [6]. 

Discussion 

As suggested in our previous study the high 
antileukemic potential of the c-HAM regi
men could again be demonstrated in a larger 
cohort of patients resulting in a total CR rate 
of 74%. Especially for elderly AML patients a 
complete response rate of 56% combined 
with a remarkable low toxicity seems to offer 
some advantages compared to the original 
HAM protocol. Similar, in patients :::; 60 
years a CR rate of 92% compares favorably to 
other conventional treatment regimens. 
However, due to the short mean observation 
period it is at present not possible to asses 
whether or not the excellent response rates 
will result in a improved DFS or increased 
overall survival. 

In contrast to continuous infusion, in vi
tro pharmacokinetic studies reveal evidence 
that bolus administration of mitoxantrone 
leads to plasma concentration below mean 
lethal concentration for human cells 1 h after 
infusion [10]. Furthermore recent data sug
gest that patients achieving CR show higher 
plasma levels of mitoxantrone compared to 
patients with resistant disease [11]. For our 

days 

study we could demonstrate a constant high 
level of mitoxantrone ranging about 200 
ng/ml two weeks after initiating therapy 
[12, 13]. In conclusion we consider the c
HAM regimen to be at least equieffective to 
other standard therapy or the original HAM 
protocol with respect to CR-rates and the 
low toxicity resulting in a high therapeutic 
index especially in elderly patients with de 
novoAML. 

Therapy: c-HAM 

HO-Ara-C 2 g/m2 (for pts. :s 60 yrs.) 1 g/m2 (for 
pts. :s 60 yrs.) every 12 h as 3 h infusion on day 
1-3 combined with Mitoxantrone 10 mg/m2 as 
18 h infusion on day 1-3. 

Properties: constant mitoxantron plasma level 
over a long time, low non hematological tocixity, 
obvious myelosuppression 
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Abstract. In November 1994, the AML Coop
erative Group (AMLCG) started a still ongo
ing trial for treatment of patients with acute 
promyelocytic leukemia (APL). The therapy 
consists of TAD/HAM double induction 
chemotherapy in combination with all
trans retinoic acid (ATRA) until complete 
remission, followed by TAD consolidation 
and monthly maintenance. After starting 
with ATRA alone, the beginning of chemo
therapy is stratified according to the im
provement of coagulopathy and to the level 
of the white blood cell counts. By now, 35 pa
tients are included. Twenty one of 23 (91%) 
of the presently evaluable cases responded 
to induction therapy. Nineteen (83%) pa
tients reached complete remission (CR),one 
(4%) partial remission, one (4%) hypoplasia 
without persistence of blast cells. Two (9%) 
early deaths occurred during induction 
therapy due to bleeding complications. 
Grade 2: 3 bleeding complications and in
fections were 15% and 36%, respectively. 
ATRA syndrome occurred in 3 (13%) pa
tients. In no patient were blast cells resistant 
to therapy. The high antileukemic activity of 
this treatment strategy was further demon
strated by the disappearance of RT-PCR 
positivity for PML/RAR alpha after induc-

tion and by the persistence of negativity (4 
to 24 months) in all 14 patients monitored 
during follow-up. 

Introduction 

Prognosis of acute promyelocytic leukemia 
has impressively improved due to the intro
duction of the differentiating agent all-trans 
retinoic acid (ATRA) [1]. With the combina
tion of ATRA and chemotherapy, a reduc
tion of the relapse rate, an improvement of 
overall survival and a reduction of the early 
mortality rate was observed compared to 
chemotherapy alone [2-6]. Response to 
ATRA is also characterized by an improve
ment of co agulopathy within the first days of 
treatment [7]. The probability of cure, how
ever, seems to depend on the antileukemic 
effectivity of the chemotherapy [8]. Despite 
the advances in treatment of APL, the opti
mal combination of chemotherapy and the 
best timing of ATRA and chemotherapy are 
still unknown. 

From 1985 to 1992 the AML Cooperative 
Group (AMLCG) included patients with 
newly diagnosed APL in their protocol for 
treatment of acute myeloid leukemia with 
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7 Institut flir Medizinische Informatik und Biomathematik, Universitat M iinster, Germany 
8 Medizinische KlinikA, Universitat Miinster 
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TAD/HAM (TAD) double induction, TAD 
consolidation and 3 years monthly mainte
nance (AMLCG 85 study) [9,10]; 39 (74%) of 
50 adult APL patients of all age groups re
sponded to therapy (68% complete (CR), 
and 6% partial remissions). Only 2 patients 
(4%) were nonresponders. Early death rate 
was 22%. Relapse free survival was 55% after 
9 years. 

On the basis of these results suggesting a 
high antileukemic effectivity of the AMLCG 
chemotherapy strategy in newly diagnosed 
APL, the AMLCG decided in November of 
1994 to combine their protocol with ATRA. 
Preliminary results of the still ongoing study 
are presented in this chapter. 

Patients and Methods 

Included are adult patients with newly diag
nosed APL of all age groups. Diagnostic cri
teria are AML M3 morphology, t(15;17) 
and/or positive RT-PCR ofPMLlRAR alpha. 
Induction therapy consists of ATRA (45 
mg/m2/day) until CR in combination with 
TAD/HAM, followed by consolidation and 
maintenance as in the previous study. 

Timing of ATRA and Chemotherapy 

After an initial phase of ATRA alone for 
maximal 14 days to use the positive effect of 
ATRA on coagulopathy, the start of chemo
therapy is stratified according to the nor
malization of significant coagulopathy and 
to the level of the white blood cell counts 
(WBC). In patients with initial WBC counts 
over 5000/I.d, rapidly increasing WBC or M3 
variant, TAD is added immediately to pre
vent ATRA syndrome. 

Chemotherapeutic Regimens 

Drug dosages and combinations are given as 
follows: 

TAD.6-thioguanine (6-TG) 100 mg/m2 q12 h 
day 3 to 9, daunorubicin (DNR) 60 mg/m2 
day 3 to 5, cytosine arabinoside (ara-C) 100 
mg/m2 by continuous i.v. infusion day 1 and 
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2, and 100 mg/m2 q12 h by 30 min i.v. infu
sion day 3 to 8. 

HAM. Ara-C 3 g/m2 q12 h by 3 h i.v. infusion 
day 1 to 3, mitoxantron 10 mg/m2 by 30 min 
i.v. infusion day 3 to 5. 

Monthly Maintenance Courses. Ara-C 100 
mg/m2 s.c. q12 h day 1 to 5, alternatingly 
combined with either DNR 45 mg/m2 day 4 
and 5, or 6-TG 100 mg/m2 q 12 h day 1 to 5, or 
cyclophosphamide 1 g/m2 day 3. 

If there are no contraindications, the 
HAM cycle is started on day 21 after the be
ginning of TAD, independently of neutrope
nia. Patients over 60 years receive a dose re
duced HAM with 1 g/m2 Ara-C instead of 
3 g/m2. In these patients HAM is only given if 
CR was not achieved after TAD. Consolida
tion with TAD is started 4 weeks after CR. 

Salvage Strategies for Patients with High Risk of 
Relapse 

Monitoring of minimal residual disease by 
RT-PCR ofPMLlRAR alpha is performed af
ter the induction and consolidation thera
pies and during the maintenance phase. Pa
tients with persistence or reappearance of 
positive PCR for PMLlRAR alpha receive an 
allogeneic transplant if a family donor is 
available. Otherwise, ATRA 45 mg/m2 day 1 
to 7 is added to the maintenance courses. 

Results 

Until February of 1997,35 patients were re
cruted for the study. One patient died before 
the start of treatment. One patient had con
traindications against the study medication. 
10 patients were not yet evaluable. In the 23 
evaluable patients (median age 43 years, 
range 16 to 46) M3 morphology was seen in 
19 and M3 variant in 4 patients, respectively. 
Translocation t(15;17) and/or PMLlRAR al
pha was found in all but one patient. Mean 
duration of ATRA treatment before the start 
of chemotherapy was 7 days (range 0 to 19). 
At diagnosis 17 of 21 (76%) had significant 
coagulopathy (reduced fibrinogen or pro
thrombine time). 
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ing a disappearance of the initially detect
able PMURAR alpha transcript after 
TAD/HAM (Fig. 1). 

Causes of the two (9%) early deaths were 
bleeding complications during induction 
therapy. ATRA syndrome occurred in 3 pa
tients (13%). No increased toxicities, but a 
reduction of WHO grade;:::: 3 bleeding com
plications (15%) by ATRA plus chemothera
py compared to the historical control group 
with chemotherapy alone (28%) were seen. 
The rate of WHO grade;:::: 3 infectiops was 
reduced from 55 to 36%. 

The preliminary results of overall survi
val and of relapse free survival are shown in 
Figs. 2 and 3. At the present time, the median 
overall survival is 388 days (range 3 to 746) 
and the median relapse free survival 385 
days (range 25 to 707). 

During follow up, in 14 patients the mini
mal residual disease was monitored by RT
PCR (Fig. 1). By now, no patient had a reap
pearance of positive PCR after 4 to 24 
months. 
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Fig.2. Overall survival after ATRA and chemotherapy 

Twenty one patients (91 %) responded to in
duction therapy. CR was achieved in 19 
(83%) patients. Partial remission (4%) and 
hypoplasia without persistence of blast cells 
(4%) were seen in one patient each. In 11 pa
tients CR was confirmed by RT-PCR show-

Discussion 

The main objective of our study is to im
prove the prognosis of patients with newly 
diagnosed APL by combination of ATRA 
with a chemotherapy strategy that proved 
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highly effective when given alone before the 
widespread use of ATRA [9, 10). A second 
goal is to identify patients with a high risk of 
relapse despite the combination with ATRA 
and to cure them by the early application of 
salvage strategies. 

The high antileukemic activity of the 
AMLCG chemotherapy concept alone 
(AMLCG 85 study) has been demonstrated 
by the low rate of nonresponders of 4% and 
by the high rate of patients with relapse free 
survival of 55%. These results are superior to 
the results of most APL studies with chemo
therapy alone achieving median CR dura
tions between 10 and 25 months and relapse 
free survival rates of about 25% after 5 years 
[7, ll). 

Preliminary results of the present study 
show a good practicablity and high antileu
kemic effectivity of ATRA combined with 
double induction therapy. Compared to 
chemotherapy alone, the CR rate was im
proved and the early death rate was impres
sively reduced from 22 to 9% by the combi
nation with ATRA. No increased toxicities 
but a reduction of grade::::: 3 bleeding com
plications and infections were seen. The rate 
of ATRA syndrome of l3% is comparable to 
the rate observed in the presently ongoing 
APL 93 trial, that also combines ATRA and 
chemotherapy for remission induction [12). 

The high sensibility of APL blast cells to 
double induction plus ATRA is also support
ed by the results of RT-PCR. Persistence or 
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reappearance of a posItive PCR for 
PML/RAR alpha after a negative period is 
correlated with a subsequent relapse [l3). By 
now, all patients tested before and after in
duction therapy converted to negativity of 
PML/RAR alpha and remained negative 
during follow up. It should also be empha
sized that in no patient were the blast cells 
resistant to induction therapy. Preliminary 
results of overall and relapse free survival 
predict an improvement by ATRA. 
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Introduction 

Acute promyelocytic leukemia (APL) is a 
distinct subtype of acute myeloid leukemia 
(AML). It is characterized by an arrest of dif
ferentiation at the promyelocytic stage. APL 
is consistently associated with translocation 
between the long arms of chromosomes 15 
and 17 - t(15;17). The translocation leads to 
fusion of the genes for PML (pro myelocytic 
leukemia) on chromosome 15 with the gene 
encoding the retinoic acid receptor a 
(RARa). The fusion protein PMLlRARa is 
believed to cause APL. At initial presentation 
the coagulopathy associated with APL is of
ten present. Standard chemotherapy (Dau
norubicine + ARA-C) increases the risk of 
early fatal hemorrhage by exacerbating co
agulopathy and due to decreases of the 
platelet count. 

All-trans retinoic acid CATRA, Vesanoid) 
is a differentiating agent of APL blasts and 
has been shown to an effective drug, which 
could give complete remission (CR) in 69-
94% of patients without worsening of coag
ulopathy and symptomatic pancytopenia. 
However, ATRA is associated with some ad
verse events, the signs and symptoms of the 
so-called hypervitaminosis A syndrome and 
the retinoic acid syndrome. 

The aim of the study was a retrospective 
evaluation of the influence of ATRA on clini-

cal course, hematological and biochemical 
parameters, and side effects in the group of 
newly diagnosed and resistant APL patients 
in Poland. 

Material and Methods 

Forty patients were included to the study, 
twenty male and twenty female in age from 7 
to 72 with the mean of 43.3. The diagnosis of 
APL was established based on widely accept
ed hematological, immunophenotypic and 
cytogenetic criteria. Eight pts were previ
ously treated by standard induction therapy 
comprizing daunorubicin and ARA-C with
out obtaining a complete hematological re
mission, and 32 pts were newly diagnosed. 
At the presentation patients showed weak
ness C77%),hemorrhage diathesis C75%),in
cluding DIC (17%), fever (32%), infections 
of upper respiratory tract (17%), diaphore
sis (15%), weight loss (7%), headache (7%), 
ostealgia (7%). The FEC showed anemia 
with a mean of 5.30 mmolll (8.22 g/dl), leu
kopenia - median 2.15 X 109/1 and thrombo
cytopenia with a median 29.5 Xl 09 II. Seven 
pts (17%) revealed DIC confirmed by labor
atory data. ATRA was given in doses 10-60 
mg/m2 per os for a median 44 days (range 
16-360 days). The first group of patients (9 
pts.) received ATRA alone as induction ther-

Department of Hematolo?y in 1 Krakow, 2Lublin, 3Poznan, 4Gdansk, 5Katowice, 6Institute of Hemat. in Wars
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apy and after obtaining complete remission 
received induction chemotherapy (dauno
rubicine and ARA-C) with subsequent con
solidation and maintenance. The second 
group (13 pts) following induction with 
ATRA alone and obtaining a CR received 
only standard maintenance therapy_ In the 
third group of patients chemotherapy was 
introduced in 1 patient on day 1 concomi-

tantly with ATRA, 4 patients received che
motherapy because of increased white blood 
count above SOOO/Ill by day Sand 10 OOO/Ill 
by day 10, in 13 pts chemotherapy was start
ed between day 9 and 11. We evaluated com
plete remission rate in three groups of pa
tients, event-free survival (EFS) including as 
events: resistance, relapse and death in CR, 
and long-free survival (LFS) with a mini-
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mum follow up of 24 months after CR 
achievement. 

Results 

Complete remISSIon was obtained in 30 
(75%) out of 40 patients. In the first and sec
ond group of patients (ATRA alone followed 
by 3+ 7 induction schedule and ATRA alone 
followed by maintenance therapy as in 
AML) the 18 (86%) out of 22 pts, achieved 
CR in the third group (ATRA and chemo
therapy concomitantly achieved CR 12 
(66%) out of 18 patients. The analysis 
showed an EFS in group I, II and III 100%,77 
and 44% respectively(p> 0.05,p= 0.019) at2 
years of and LFS of 100,88 and 66%, respec
tively at 2 years, with no statistical signifi
cance (due to the short observation period). 

Discussion 

Two main classes of adverse reactions are 
distinguished after administration of ATRA 
in APL patients: the so-called hypervitamin
osis A syndrome and the retinoic acid syn
drome (RAS). Hypervitamonosis A syn
drome is usually mild and reversible and in
cludes dryness of skin and mucosae of the 
mouth, nose and eyes, erythema, pruritis, 
dermatitis, flaking and peeling, cheilitis, 
rhagades. Moreover, headache, bone pain, 
hypertriglyceridemia, hypercholesterole
mia, transient hepatic dysfunction with ele
vated serum transaminases, alkaline phos
phatase and bilirubin, increased serum crea
tinine are observed. RAS is a more danger
ous event than hypervitaminosis A syn
drome and can lead to death, if left untreat
ed. The incidence of RAS varies from coun
try to country and occurs in an average of 
25% of patients. It is characterized by fever, 
hyperleukocytosis, hypotension, dyspnoea, 
pulmonary infiltrates, acute respiratory dis
tress syndrome (ARDS), multiorgan failure 
especially hepatic and renal. 

In our group of 40 patients we observed 
the following side effects related to ATRA in
cluding: hyperleukocytosis (17.5%), fever 
(12.5%), erythema (10%), dermatitis (10%), 
bone pain (10%), headache (7.5%), dryness 
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of skin and mucosae (5%),flaking (5%),ele
vated serum transaminases (5%), hypertri
glyceridemia and hypercholesterolemia 
(2.5%), hairy loss (2.5%), ulceration of the 
hand's skin (2.5%), ARDS (2.5%), Multior
gan failure in 20 patients (50%) grade I to III 
according to WHO scale were observed, 
making necessary 5-50% reduction of doses 
in 6 pts (15%) or withdraw the drug in 5 pts 
(12.5%). 

Conclusion 

Our clinical retrospective results shows that 
the combination of ATRA and subsequent 
standard induction therapy followed by 
consolidation and maintenance can increase 
the EFS (100%) and the LFS (100%) com
pared to the group treated with ATRA alone 
followed by maintenance - 77% and 88% re
spectively, and companed to the group treat
ed with ATRA with chemotherapy concomi
tantly - 44 and 66% respectively. This should 
be confirmed by randomized, double blind, 
clinical trial. 

The most important advance of ATRA, as 
a differentiating agent, is its safety and high 
response rate,which is achieved with a rela
tively low morbidity. APL patients usually 
present with coagulopathy at diagnosis, of
ten worsening with standard chemotherapy 
(high mortality rate), which is improved by 
therapy with ATRA. 

ATRA (Vesanoid) is nowadays the drug of 
choice in the treatment of APL patients. 
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Abundance of Auer Bodies and Bilobed Nuclei of Leukemic Cells may be 
Related to Longer Disease Free Survival of Patients with Acute 
Promyelocytic Leukemia (M3) 

D. IMANISHI, K. KURIYAMA, S. YOSHIDA, and M. TOMONAGA 

Abstract. Acute promyelocytic leukaemia 
(AML-M3) has a unique morphology as de
fined by FAB classification. Although M3 
belongs to good risk AML in general, early 
deaths and relapses are not infrequent in 
patients treated with chemotherapy alone 
or in combination with all trans retinoic 
acid (ATRA). We evaluated morphology of 
bone marrow leukemic cells at diagnosis 
and carried out statistical analysis to make 
clear the relationship between morphology 
and prognosis. We investigated 47 adult pa
tients with diagnosis of AML-M3. Twenty 
two patients were treated with chemothera
py plus ATRA and 25 with chemotherapy 
alone. Median follow up time was 2.9 years. 
Thirty one patients (66%) showed Auer 
body at least in one cell among two hun
dred leukemic cells (ranging: 0.5-18%). All 
patients showed unique bilobed nuclei but 
its positive rate varied widely (ranging: 
1-45%). Nineteen (40%) patients showed 
abundance of the cells with bilobed nuclei 
defined as more than 15% ofleukemic cells. 
Disease free survival (DFS) was significant
ly better in the Auer body-positive group 
and in group with> 15% bilobed nuclei (p 
= 0.0498, P = 0.0062, respectively) than in 
the Auer body-negative group and group 
with less than 15% bilobed nuclei, respec
tively. Overall survival was not statistically 
significant between these comparable 
groups. These results may suggest bio
logical differences of leukemic cells in M3 

which otherwise seems to be a rather ho
mogeneous leukemia entity. However, fur
ther confirmation is needed in a much lar
ger-scale M3 clinical trial. 

Introduction 

Acute promyelocytic leukemia (M3) of the 
French -American -British (FAB) classifica
tion system [1,2] exhibits some characteris
tic features: cytoplasmic hypergranularity, 
Auer body, bilobed nuclei, the specific cy
togenetic abnormality t(15; 17) [3], and the 
complication of disseminated intravascular 
coagulation. Although M3 belongs to good 
risk AML in general [4,5], early death and re
lapse are not infrequent in patients treated 
with chemotherapy alone or in combination 
with all trans retinoic acid (ATRA). We in
vestigated 47 adult patients with newly diag
nosed M3 and evaluated morphology of 
bone marrow leukemic cells at diagnosis 
and carried out statistical analyses to make 
clear the relationship between morphology 
and prognosis. 

Material and Methods 

Patients and Diagnosis 

A total of 49 adult patients with newly diag
nosed M3 were treated with chemotherapy 

Department of Hematology, Atomic Disease Institute, Nagasaki University School of Medicine, Sakamoto 
1-12-4, Nagasaki 852, Japan 
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plus ATRA or chemotherapy alone at our in
stitute and eleven cooperative hospitals 
between September 1987 and May 1996. Di
agnosis of M3 was made according to the 
FAB classification and confirmed in part by 
the presence of t{l5;17) or PML/RARA fu
sion transcript. Informed consent was ob
tained from the patients or their families be
fore the treatment. 

Morphology 

May-Grunwald-Giemsa (MG) stained bone 
marrow smears were used for morphologi
cal analysis. Percentages of cells with Auer 
body were counted among 200 leukemic 
cells. Percentages of cells with bilobed nuclei 
and percentages of hypergranular cells were 
counted among 100 leukemic cells, respec
tively. 

Response Criteria 

Response was evaluated by standard crite
ria generally used for chemotherapy. CR 
was defined as less than 5% of blasts and 
promyelocytes with normal hematopoiesis 
in the bone marrow, and more than l.5 X 
109/1 neutrophil counts and more than 100 
X 109/1 platelet counts in the peripheral 
blood. 

Statistical Analysis 

To test factors for predicting CR, the chi
square test was used for univariate analysis, 
and the logistic regression model for multi
variate analysis. Overall survival was meas
ured from the first day of therapy to death. 
Disease free survival (DFS) for patients who 
had achieved CR was measured from the 
date of CR to relapse or death. Overall survi
val and DFS were determined according to 
Kaplan-Meier's method and compared by 
the log-rank test for univariate analysis, and 
the Cox regression model for multivariate 
analysis. SAS programs were used for analy
sis. 

Table 1. Clinical hematological and cytogenetic 
findings 

Age (years, n = 47) 
Sex (male/female) 
the use of ATRA 

WBC (x 103 f1l,n = 46) 
Pit (x 104 f1l, n = 46) 

t(15;17) 
CR rate (%, n = 47) 

" Median b Range 

Results 

No. of patients 

48" (19-78b) 

22/25 
22 

3.0" (0.6-129.3b) 

4.05" (O.s-l8.6b) 

28/31 
85.1 

Patients' Characteristics and Treatment Outcome 

Forty seven patients could be evaluated for 
bone marrow smears and treatment out
come. Two patients were excluded because 
of poor bone marrow smears. Cytogenetic 
analysis were available in 31 patients; 28 pa
tients of them had t{l5;17) and 1 of the re
maining 3 patients had PML/RARA fusion 
transcripts. ATRA was given in 22 patients. 
Forty patients (85.1 %) achieved CR. Median 
follow-up time was 2.9 years. Clinical, he
matological and cytogenetic data on pa
tients are summarized in Table l. 

Morphological Analysis 

Fifteen (32%) and five (l1%) patients 
showed abundance of blast forms and ma
ture neutrophils defined as more than 10% 
of 100 white blood cells (WBC), respective
ly. Thirty six (77%) patients showed abun
dance of promyelocytes defined as more 
than 70% of 100 WBC. Increase of basophils 
defined as more than 3% was observed in 
six patients (13%). Increase of monocytes 
was not observed in all patients. Thirty 
one patients (66%) showed Auer bodies at 
least in one cell among two hundred 
leukemic cells. The maximum positive rate 
was 18%. All patients showed bilobed 
nuclei among one hundred leukemic cells 
but its positive rate varied widely (ranging: 
1-45%). Nineteen (40%) patients showed 
abundance of the cells with bilobed nuclei 
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Fig.l.Auer body and/or bilobed nuclei 
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Table 2. Results of morphological analysis 

No. of patients (% ) 

Analysis 
Blast 10% < 15 (32) 
Promyelocyte 70% < 36 (77) 
Mature neutrophils 10% < 5 (11) 
Basophil 3% < 6 (13) 
Monocyte 1 % < 2 (4) 

Auerbody 1 % < 31 (66) 

Bilobed nuclei { 1%< 47 (100) 
15% < 19 (40) 

Hypergranular cell 70% < 28 (60) 

defined as more than 15% of leukemic 
cells. Twenty eight (60%) patients showed 
abundance of hypergranular cells defined 
as more than 70% of leukemic cells. These 
data are summarized in Table 2 and cells 
with Auer body and/or bilobed nuclei are 
shown in Fig. 1. 

100 

80 

Statistical Analysis 

Univariate analysis showed that CR rate and 
overall survival rate were not significantly 
different between all investigated factors 
(age, WBC and platelet count, percentages of 
blast, promyelocyte, mature neutrophil, bas
ophil, Auer body, bilobed nuclei and hyper
granular cell). DFS was significantly better 
in the Auer body positive group and in the 
group with 15% < unique nuclei (p = 0.0498, 
P = 0.0062, respectively) than in the Auer 
body negative group and the group with less 
than 15% unique nuclei, respectively (Fig. 2). 
Multivariate analysis could not be done due 
to the small numbers of patients in each cat
egory. 

Discussion 

Acute promyelocytic leukemia (M3) is con
sidered to be a rather homogeneous leuke-

i 
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mia entity with some characteristic features 
[1, 2] and believed to have good prognosis 
[4,5]. However, unusual morphology are oc
casionally observed in some patients [6,7,8] 
and early death and relapse are not infre
quent. For this reason, we carried out this 
study to elucidate the relationship between 
morphology and prognosis. In this study, 
unusual morphology such as a relatively 
high percentages of blast forms or mature 
neutrophils or basophils and relatively low 
percentages of promyelocytes or hypergran
ular cells were found in some patients. Only 
31 patients (66%) showed Auer bodies in at 
least one cell among 200 leukemic cells and 
the maximum positive rate was 18%. These 
percentages were lower than expected. In 
statistical analysis, disease free survival 
(DFS) was significantly better in the Auer
body positive group and in the group with 
15% < unique nuclei (p = 0.0498, P = 0.0062, 
respectively) than in the Auer body negative 
group and the group with less than 15% 
unique nuclei, respectively. These results 
may suggest biological differences of leu
kemic cells in M3. However, further confir
mation is needed in a much larger M3 clini
cal trial. 
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The Influence of Dysplastic Hematopoiesis on the Outcome in Patients 
with de Novo AML 

CH. KAHL, A. FLORSCHOTZ, K. JENTSCH -ULLRICH, H.-G. HbFFKES, A. FRANKE 

Abstract. The detection of dysplastic features 
of hematopoiesis in de novo acute myeloid 
leukemia (AML) by light microscopy is de
fined as AML with trilineage myelodysplasia 
(AMLlTLMD). The prognostic relevance of 
these dysplastic features for patients with de 
novo AML still remains unclear. In order to 
evaluate the role of dysplasia in de novo 
AML, bone marrow aspirates from 95 pa
tients were analyzed prospectively and in
vestigated separately for erythropoiesis, 
granulopoiesis and megakaryopoiesis by 
three independent investigators. 

The overall complete remission (CR) rate 
was 48.8% and partial remission (PR) or non 
responder were 52.2% of the patients inves
tigated. The median overall survival time 
was 5 month with a disease free interval of 
3.5 months for all patients. Dysgranulopoie
sis (DysG) was observed in 28.4%,dysmega
kariopoiesis in 40.0%, dyserythropoiesis 
was observed in 37.5% respectively. Out of 
all patients 20.0% of the patients showed tri
lineage dysplastic features and, thus, were 
classified as AMLlTLMD. 

A significant worse prognosis was calcu
lated for those patients with detection of 
only dysgranulopoiesis (p = 0.002), dysmeg
akariopoiesis (p = 0.02) or dyserythropoie
sis (p = 0.04) as compared to patients with
out any dysplastic signs. An unfavourable 
karyotype was correlated with patients 
showing dysgranulopoiesis (p = 0.02) and 

dysmegakariopoiesis (p = 0,04). For the pa
tients with an unfavourable karyotype, the 
occurrence of any dysplastic features had no 
additional prognostic impact. 

Dysplastic features (DysG, DysM, DysE) 
seem to be an important prognostic factor in 
de novo AML correlating with short overall 
survival time. Dysgranulopoiesis and dys
megakariopoiesis correlated well with the 
appearance of unfavourable chromosomal 
abnormalities. It may be reasonable to as
sume that patients with dysplastic features 
should be considered for more aggressive 
treatment schedules at the time of diagnosis. 

Introduction 

Aggressive chemotherapeutic schedules in 
patients with de novo acute myeloid leuke
mia (AML) have increased the rate of pa
tients achieving complete remission (60-
80% for de novo AML) [4]. Despite several 
post-remission strategies, only 20-30% of 
patients with CR achieved have an overall 
survival rate of more than 5 years [13]. Al
though different risk factors predicting 
stable disease have been discussed (e.g., age, 
leukemic cell mass and abnormal cytogenet
ics) [9,12], these factors are not established 
and still under debate. 

Recently, in a large study it was shown that 
dysplastic features likewise observed in 
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myelodysplastic syndromes are also ob
served in de novo AML. According to these 
findings, clinical outcome of this particular 
group of de novo AML seems to be more 
closely related to the prognosis of advanced 
myelodysplastic syndromes [8, 10]. These 
cases of AML defined as AML with trilineage 
myelodysplasia {AML/TLMD} have been re
ported to account for 10-15% of de novo 
AML [3,6,8]. Furthermore, in patients with 
AML/TLMD who achieved CR relapse oc
curred much earlier than patients without 
dysplastic features [11]. The lack of prospec
tive studies is one of the important reasons 
that the prognostic relevance of TLMD 
detection remains unclear. Whether 
AML/TLMD is an acute transformation of 
MDS and whether AML/TMD in fact has to 
be defined as poor prognostic subtype of 
AML is under debate. 

Thus, it was the aim of this study to inves
tigate by prospective analysis patients with 
de novo AML with regard to dysplastic fea
tures. For this purpose from 1990 to 1997 all 
patients with de novo AML were enrolled 
and investigated for trilineage myelodyspla
sia. 

Materials and Methods 

Patients. Ninety five patients. {median: 60.5 
years ranged from 17 to 85 years, female: 
n = 52 and male: n = 43} with de novo AML 
were classified according to the FAB classi
fication [2] [MO {l,9%}, Ml {22.8%}, M2 
{22.8%}, M3 {26.6%}, M4 {4.9%}, M5 
{4.7%},M6 {4.7%},M7 {2.8%},for details see 
Table 1]. The patients, were treated with the 

following induction therapies: TAD-VP 
{thioguanine, cytarabine, etoposide} 19.9% 
(n = 21), DAE {daunoblastine, cytarabine, 
etoposide} 22.8% {n = 24}, DA {daunoblas
tine,cytarabine} 29.3% (n = 31), the remain
ing 18% {n = 19} of patients. achieved no in
duction chemotherapy protocol. 

Morphological Evaluation. Bone marrow as
pirates were investigated by conventional 
cytochemical methods {May-Giemsa, mye
loperoxidase, alpha-naphtyl butyrate este
rase, and chloroacetate esterase}, multi
parametric flow cytometry {CD33/ CDw65/ 
CD 13, CD34/CD1l7/HLA-DR, CD45/ 
CDI4/CD20, CD 19/CDI4/CD64, CD2/ 
CD56/CD7 and myeloperoxydase/lactofer
rin} and cytogenetic analysis {chromosomal 
banding analysis}. The bone marrow smears 
were examined independently by three ex
perienced morphologists. If morphological
ly differing assessment was achieved by two 
investigators a panel discussion was started 
and only those cases with confirmation by 
all investigators were included in this study. 

AML/TLMD (for details see Table 1) was 
diagnosed if dysplastic features were detect
ed in the erythroid, granulocytic and mega
karyocytic lineages, essentially according to 
Brito-Babapulles's criteria [3]. Dyserythro
poetic features were defined as more than 
50% dysplastic features in at least 25 eryth
roblasts, i.e., megaloblastoid changes, multi
nuclearity, nuclear fragments, or karyor
rhexis. Dysgranulopoetic features were de
fined as three or more hyposegmented nu
clei {pseudo-Pelger-Huet'sche anomaly} or 
as more neutrophils being agranular or hy
pogranular. Dysmegakaryocytic features 

Table 1. Distribution of dysgranulopoiesis, dyserythropoiesis and dysmegakariopoiesis in patient suffering 
from acute myelogenous leukaemia (AML, n = 95) according the FAB classification [2]. 

FAB- Number Dysgranulopoiesis Dysmegakariopoiesis Dyserythropoiesis Trilineage dysplasia 
subtype 

MO 2 2 2 2 2 
Ml 24 8 12 11 6 
M2 24 4 10 7 4 
M3 26 1 2 1 0 
M4 6 3 6 6 2 
M5 5 0 1 0 0 
M6 5 4 4 4 4 
M7 3 0 0 0 0 
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were defined as three or more megakaryocy
tes being micro-nuclear (mono- or bi-nucle
ar), multi-separated nuclear, or large mono
nuclear forms. 

Cytogenetic Analysis. The cytogenetic analy
ses were performed on bone marrow cells; 
karyotypes were analysed using Q- and G
banding method [5]. 

Statistical Analysis. Clinical and haematolog
ical data as well as remission rates were ana
lyzed using the chi-square test (SPSS soft
ware). The Kaplan procedure was per
formed to determine survival and disease 
free survival (DFS). Overall survival was cal
culated from the first day of therapy until the 
day of death. DFS was calculated from day 
achieving CR until relapse or death. To test 
single factors that predict CR and overall 
survival, the logistic progression model and 
the Cox regression model were use for mul
tivariate analysis (SPSS software). 

Results 

After induction chemotherapy of all pa
tients the overall complete remission rate 
was 48.8% and partial remission as well as 
non-responder rate was 52.2%, respectively. 
The median overall survival was 5 months 
with a disease free interval of 3.5 months 
(Fig.l}. 

Dyserythropoiesis (DysE) was found in 
31 (29.3%) cases, dysgranulopoiesis (DysG) 

~ 1.0 

:c 
(tJ 
..c e .8 
c. 

.6 

was found in 22 (20.9%) cases and dysmega
kariopoiesis was found in 38(36.1 %) cases. 
Among the 95 patients enrolled a total of 38 
cases had no dysplastic features. Trilineage 
Myelodysplasia (AMLlTLMD) was not ob
served in AML FAB M3 and M7 subtype and 
had a numeric increased frequency in AML 
FAB M6 subtype. 

Disease-free survival was analyzed for all 
patients according to the presence or ab
sence of dysplastic features. The estimated 
median (50% alive) overall survival for pa
tients with dysgranulopoiesis (DysG) was 2 
month as compared to 4 months for patients 
without dysgranulopoiesis (DysG). If dys
megakariopoiesis (DysM) was observed the 
overall survival for those patients was 1 
months versus 5 months for patients with
out dysmegakariopoiesis (DysM). Patients 
with dyserythropoiesis (DysE) have had also 
a disease-free survival of 1 month as com
pared to 5 month for those without dys
erythropoiesis (DysE). These results were 
significant for all patients with dysplastic 
features (DysG p = 0.002; DysM P = 0.02 and 
DysE p = 0.04; for details see Figs. 2-4). 

The disease-free survival for patients with 
AMLlTLMD was not significant different 
from patients without any dysplastic fea
tures. It should be mentioned that despite 
the lack of significance a (numeric) worse 
disease free survival was observed for pa
tients with trilineage dysplasia (AMLI 
TLMD, Fig. 5). 

Cytogenetic findings were available in 78 
cases (71.4%) and among the 35 karyotypes 

Cl\Ierail survival 
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Figure 1. Overall survival in 
patients with de novo AML 
and dysplastic features 
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of patients with DysM 15 had an unfavour
able karyotype (i.e., -7q, -5q, t(1;7), inv.3, 
t(3;3), complex chromosome aberrations). 
Out of the 31 patients with DysG 13 patients. 
had unfavourable chromosome abnormal
ities. Unfavourable karyotype correlated 
significantly with patients showing DysG 
(p = 0.02) and DysM (p = 0.04). For those pa
tients with an unfavourable karyotype, the 
occurrence of any dysplastic features had no 
additional prognostic impact for the overall 
survival. 

Discussion 

In a large study Brito-Babapulle and co
workers [3] showed that patients with AML 
and trilineage dysplasia should be defined as 
a separate group of patients with de novo 
AML and do not reflect secondary AML. For 
these patients a close relationship could be 
demonstrated between blast cell counts and 
occurrence of dysplastic features (TLD) 
(14). Thus, it was of special interest to inves
tigate prospectively the occurrence of dys
plastic features in de novo AML and to cor
relate overall survival of this distinct AML 
population. With regard to the definitions of 
dysgranulopoiesis (DysG), dysmegakario
poiesis (DysM) and dyserythropoiesis 
(DysE) 74 patients out of 95 patients with de 
novo AML could be analyzed to clarify the 
clinical relevance of dysplastic features [3]. 

The short median overall survival time of 
the patients is related to an unselected pa-

40 00 00 100 

mont h 

tient group and is in accordance to re
cent findings by others [1]. A significant 
< 0.05, using Student's t-test) worse progno
sis could be demonstrated in those patients 
with dysgranulopoiesis (p = 0.002), dysmeg
akaryopoiesis (p = 0.02) or dyserythropoie
sis (p = 0.04) as compared to those patients 
without any dysplastic signs. 

Furthermore, this study confirms previ
ous data that AML/TLMD was observed in 
an increased frequency of FAB-M4, M2 and 
M6 subtype. Trilineage dysplasia was not ob
served in AML FAB M3 subtype [3,6,8]. Al
though in this study no patient was observed 
with FAB M5 and TLMD, the occurrence for 
this subtype has been reported by others [3, 
6]. 

However, some important conclusions 
could be drawn from the results obtained: 
first, dysplastic features (DysG, DysM, DysE) 
could be indeed demonstrated in patients 
with proven de novo AML. Second, dysplasia 
is an important prognostic factor for de 
novo AML correlating with an decreased 
overall survival time as well as disease free 
survival as compared to patients without 
dysplastic features. Dysplasia of granulocy
tes and megakaryocytes correlated well with 
the appearance of unfavourable chromoso
mal karyotypes. 

The results strongly suggest it may be rea
sonable to assume that patients with dys
plastic features should be considered as 
prognostic risk group. To identify these pa
tients at diagnosis, detection of dysplastic 
features by light microscopy is an easy and 
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simple tool. In this way these patients could 
be stratified early in the course of risk adapt
ed treatment strategies. 
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Abstract. To predict prognoses of AML pati
ents prior to the start of chemotherapy and 
to classify them according to their predicted 
prognoses, we analyzed the data on 545 
(90%) patients out of 606 patients who were 
enrolled in the JALSG AML-87 or -89 proto
col. Median age was 48 years. AML subtypes 
were as follow; AML-M 1 was 96 (17.6%), M2 
196 (36.0%), M3 107 (19.6%), M4 95 
(17.4%),M5 31 (5.7%),M617 (3.1 %) andM7 
3 (0.6%). Eighty-nine patients(16%) were 
diagnosed as having trilineage dysplasia 
(TLD). We could elucidate seven good pro
gnostic factors using multivariate analysis 
and gave them the weighted scores such as 
+2; ::::;50 years of age, ::::; 20 000/mm3 of 
WBC, ;=.:: 50% of myeloperoxidase (MPO) 
positivity of blasts and presence of Auer bo
dies and + 1; absence of TLD, FAB subtypes 
of AML-M2 or -M3 or -M 4 with eosinophilia 
and ::::;30 lUll of serum glutamic oxaloacetic 
transaminase (GOT). A scoring system 
could classify the patients into three groups 
such as good (total scores; +9-+ 11) (149 ca
ses, 53% at 5 years-survival), intermediate 
(+5-+8) (175 cases, 29%) and poor risk 
(0-+4) (95 cases, 10%). This system will be 
tested for feasibility in the next AML-92 
protocol (about 700 cases) prospectively. If 
this procedure proves feasible, clinical trials 
could be designed based on such a risk 
group-stratification. 

Introduction 

Over half of AML patients who have under
gone allogeneic BMT during the first remis
sion can survive for a long time. On the other 
hand, the long-term survivors who received 
chemotherapy alone have not reached 50%, 
though prognosis has gradually improval. 
The long survivors include many patients 
having karyotypes such as t(15;17), t(8;21) 
or inv(16), or having lower WBC counts or 
being younger, and they are regarded as 
good prognostic factors [1]. If we can pre
dict the prognostic factors, including the 
karyotypes, in AML patients before chemo
therapy, we could treat them according to a 
treatment strategy for AML based on these 
factors. However, it is difficult to obtain the 
karyotypes prior to the start of induction 
chemotherapy. Therefore we analyzed the 
data excluding the karyotypes on the pati
ents enrolled in the JALSG-AML protocols 
before chemotherapy with respect to pro
gnosis; we could classify AML into good, in
termediate or poor risk groups according to 
the prognostic factors. 

Materials and Methods 

Five hundred forty-five (90%) of 606 pati
ents enrolled in the AML-87 or -89 protocol 

I Department of Hematology, Atomic Disease Institute, Nagasaki University School of Medicine, Sakamoto 
1-12-4, Nagasaki 852, Japan 

2 Japan Adult Leukemia Study Group (JALSG), Japan 
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[2, 3] were reviewed morphologically by the 
central committee and were analyzed in this 
study. The diagnosis and classification for 
AML were done according to the FAB crite
ria [4]. Clinical data were obtained from the 
data sheets sent by 23 institutions. Survival 
and disease free survival (DFS) were calcula
ted according to the Kaplan-Meier method 
and compared by the two sided log rank test, 
with the use of Phreg procedure in the SAS 
program. Prognostic factors for the achieve
ment of complete remission (CR) and for 
longer survival and DFS were determined by 
multivariate analysis. The AML-87 or-89 
protocol is described in detail elsewhere [2, 
3]. It is summarized as follows, the induction 
therapy of AML-87 consisted of Behenoyl
ara-C (BHAC), Daunorubicin, 6-mercapu
topurine and prednisolone and was rando
mized with regard to the addition or not of 
vincristine. After three courses of consolida
tion therapy, maintenance therapy was also 
randomized to either 4 or 12 courses. BHAC 
in AML-89 protocol was compared with ara
C in the induction and consolidation thera
pies.After six courses of maintenance thera
py, the randomization of immunotherapy 
was done. 

Results 

Table 1 shows the clinical findings of the pa
tients. The median age was equal and the 
other findings were not different in both 
groups. 

AML subtypes according to the FAB clas
sification [3] were as follow; AML-M 1 was 96 
(17.6%), M2 196 (36.0%), M3 107 (29.6%), 
M4 95 (17,4%),M5 31 (5.7%),M617 (3.1%) 

Table 1. Comparison of clinical findings between 
AML-87 group andAML-89 group 

AML-87 AML-89 
(n = 234) (n= 311) 

Male/female 1281106 1651146 
Age (yrs,median) 
RBC (x 104/mm3, 

48 (15-79) 48 (14-82) 

median) 
WBC (x 103/mm3, 

255 (29-535) 251 (2-480) 

median) 
PIt. (x 104/mm3, 

12.5 (0.4-360) 16.7 (0.3-657) 

median) 5 (0-54) 4 (0-45) 
Blasts in BM (%, 
median) 65 (5-99) 66 (8-99) 
PS (0-2) (cases %) 196 (90.7) 276 (90.5) 

Table 2. Frequency of AML subtypes according to the 
FAB classification 

FAB AML-87 AML-89 Total 

Ml 43 (18.4%) 53 (17.0%) 96 (17.6%) 
2 83 (35.5) 113 (36.3) 196 (36.0) 
3 42 (17.9) 65 (20.9) 107 (19.6) 
4 46 (19.7) 49 (15.8) 95 (17.4) 
5 13 (5.6) 18 (5.8) 31 (5.7) 
6 6 (2.6) 11 (3.5) 17{3.1) 
7 1 (0.4) 2 (0.6) 3 (0.6) 
Total 234 311 545 

and M7 3 (0.6%) (Table 2). Eighty-nine pati
ents (16%) were diagnosed as having trili
neage dysplasia (TLD) (Table 3) [5,6]. They 
were compared with the patients without 
TLD. Both groups were different statistically 
in platelet counts, blast percentage in bone 
marrow (BM), myeloperoxidase (MPO) po
sitive blasts in BM and the cases having Auer 
bodies in blasts. 

We analyzed 25 factors in regard to CR, 
survival and longer DFS by multivariate 

Table 3. Comparison of clinical findings between AML with trilineage dysplasia (TLD) and AML without TLD 

Male/female 
Age (yrs,median) 
RBC (x 104/mm3,median) 
WBC (x 103/mm3,median) 
PIt. (x 104/mm3, median) 
Blasts in BM (%, median) 
MPO + blasts in BM (%,mean) 
Auer + blasts (cases) (%) 
PS (No. ofO-2/No.of cases) (%) 
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AMLwithTLD 
(n=89) 

46/43 
52 (16-79) 
257 (107-532) 
18.2 (0.7-235) 
8 (1-54) 
47 (8-91) 
40+30 
24 (27) 
80/87 (92) 

AML without TLD 
(n = 452) 

244/208 
48 (14-82) 
252 (2-480) 
13.9 (0.3-657) 
4 (0-39) 
69 (5-99) 
78+30 
260 (58) 
390/431 (90) 

pvalue 

p=0.69 
p=0.26 
p=0.54 
p=0.17 
P <0.001 
P <0.001 
P <0.001 
P <0.001 
p=OAO 



Table 4. Prognostic factors for the achievement of CR 
and for longer survival and DFS, determined by 
multivariate analysis 

Favorable 
variable 

Achievement of CR 
GOT s 30 IU/l 
PO positivity 
of blasts >50% 
Total protein > 7g/dl 
TLD Without 

Survival 
Age s 50yrs 
PO positivity 
of blasts >50% 
Auerbodies Present 
TLD Without 
FAB 
classification M2,M3,M4e 

DFS 
Age s 50yrs 
WBC s II 000/mm3 

PO positivity 
of blasts >50% 
Auerbodies Present 

pvalue 

Logistic procedure 
0.0113 

0.0541 
0.0722 
0.1899 
Phreg procedure 
0.0001 

0.0120 
0.0189 
0.0703 

0.0723 
Phreg procedure 
0.0002 
0.0035 

0.0079 
0.0233 

Table 5. The scoring system for predicting longer sur
vival and DFS of the patients with AML 

Favorable variable Score 

Patient characters 
Age s 50 yrs +2 

Laboratory findings 
WBC s 20 OOlImm3 +2 
GOT s 30IUIl +1 

Morphological findings 
MPO positivity of blasts > 50% + 2 
Auer bodies Present + 2 
TLD Without +l 

FAB classification M3 or M2 or M4e +l 

Total score is+9-+ 11; Good risk group 
+5-+8; Intermediate risk group 
0-+4; Poor risk group 

analysis. The strongest for achieving CR im
pact factor was a single course of induction. 
However, this factor was excluded because it 
cannot be adapted to the patients before in
duction therapy. Prognostic factors for the 
achievement of CR and for longer survival 
and DFS were determined by multivariate 
analysis (Table 4). We could elucidate seven 
good prognostic factors and gave them the 
weighted scores such as +2; ::::; 50 years of 
age,::::; 20000/mm3 1 ofWBC, ~ 50% of MPO 

Table 6. Relationship between AML subtypes and 
risk groups according to the scoring system 

FAB classification Risk group Total 

Poor Intermediate Good 

AML-Ml 25 (32%) 49 (63%) 4(1%) 78 
AML-M2 19 (13) 50 (33) 82 (54) 151 
AML-M3 1 (1) 26 (30) 61 (69) 88 
AML-M4 35 (44) 43 (54) 1 (1) 79 
AML-M5 11 (92) 1 (8) 0 12 
AML-M6 3 (30) 6 (60) 1 (10) 10 
AML-M7 1 (100) 0 0 1 

Table 7. Relationship between each factor and risk 
groups according to the scoring system 

Factor Risk group Total 

Poor Intermediate Good 

Age 
::::;50yrs 15 (6%) 102 (44%) 115 (50%) 232 
> 50yrs 80 (43) 73 (39) 34 (19) 187 

WBC 
::::;20 OOlImm3 27 12) 73 (32) 126 (56) 226 
>;l) 000/mm3 68 (35) 102 (53) 23 (12) 193 

GOT 
::::;30 IUIl 51 (17) 113 (38) 137 (46) 301 
> 30 IUIl 44 (37) 62 (53) 12 (10) 118 

Auerbodies 
present 4 (2) 85 (37) 138 (61) 227 
absent 91 (47) 90 (47) 11 (6) 192 

MPO positivity of blasts 
::::;50% 69 (65) 36 (34) 1 (1) 106 
>50% 26 (8) 139 (44) 148 (47) 313 

TLD 
without 59 (17) 144 (41) 147 (42) 350 
with 36 (52) 31 (45) 2 (3) 69 

positivity of blasts and presence of Auer bo
dies and + 1; absence of TLD, FAB SUbtypes 
of AML-M2 or -M3 or -M4 with eosinophilia 
(M4e) and::::; 30 IU/I of serum glutamic oxa
loacetictransaminase (GOT) (Table 5). We 
classified the patients into three groups such 
as good, intermediate and poor risk accor
ding to total scores of +9-+ 11, +5-+ 8 and 
0-+4, respectively (Table 5). Both survival 
and DFS of the three groups which were clas
sified according scoring to this system diffe
red significantly (Fig. 1). Five year-survival 
and -DFS were 53 and 54% in the good risk 
group, 25 and 29% in the intermediate group 
and 13 and 10% in the poor risk group, re
spectively. Frequency of the FAB subtypes in 
each risk group is shown in Table 6. In gene-
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ral over 50% of AML-M2 and -M3 were in
cluded in the good risk group, on the other 
hand most patients of the other subtypes be
longed to the inter mediate or the poor risk 
group. The risk factors excluding the FAB 
subtypes are as shown in Table 7. The good 
risk factors were :::; 50 years of age, 
20000/mm3 of WBC, :::; 30 lUll of GOT, 
presence of Auer bodies, ;:::: 50% of MPO 
positivity of blasts and absence of TLD. 

Discussion 

Our scoring system based on the factors of 
the clinical and morphological data could 
classify AML patients into three risk catego-

904 

ries. The karyotypes, which are regarded as 
one of the most important risk factors are 
excluded in this study because cytogenetic 
results can usually not be obtained before 
the start of chemotherapy. Over 90% of the 
good prognostic karyotypes such as t(8;21), 
t(15;17) or inv(16) were included in AML
M2, -M3 or -M4, respectively, so that the 
karyotypes are well reflected in the scoring 
system. It is controversial whether the pati
ents achieving CR should continue chemo
therapy or undergo allogeneic BMT. But if 
we can predict prognoses of AML patients 
before chemotherapy, the good risk group 
may continue chemotherapy whereas the in
termediate and the poor risk groups may be 
chosen for allogeneic BMT. The induction 



therapy for the good risk group except AML
M3 should be done by the conventional che
motherapy, because the CR rate was 90% 
(data not shown). AML-M3 is now treated 
with all-trans retinoic acid with or without 
chemotherapy and over 90% of the patients 
can achieve CR [7]. The post-induction 
therapy for this group should be more inten
sive, incorporating high dose ara-C, in order 
to further improve the long-survival rates. 
In the other two groups, the patients who are 
younger than 50 years old should be given a 
more intensive induction and consolidation 
chemotherapy with or without various cyto
kines, in order to improve the CR rates and 
the long-survival rates. We cannot find any 
reports about successful chemotherapy con
vincing in the elderly so that the strategy for 
this age group remains most difficult one. 
This fact means that palliative therapy is im
portant a until useful chemotherapy is deve
loped. We propose that allogeneic BMT is in
dicated for the younger patients in 2nd CR 
or more in the good risk group and those of 
1st CR in the intermediate and poor risk 
groups. 
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Abstract. The 10th United Kingdom Medical 
Research Council (MRC) AML trial showed 
a reduced overall relapse rate compared to 
previous trials, attributed largely to in
creased treatment intensity. Autologous 
bone marrow transplantation (ABMT) was 
also associated with a reduced rate of re
lapse. These benefits, however, were partly 
offset by slow neutrophil and platelet 
recovery after later courses of chemothera
py, and in the context of ABMT, the resulting 
high procedural mortality (12%) from in
fection and/or haemorrhage led to no over
all survival benefit for ABMT. The 12th MRC 
AML trial aims to assess the benefit of 
further treatment intensification through 
randomisation to 4 or 5 chemotherapy 
courses for standard risk patients, and to ex
amine further the role of ABMT. In an at
tempt to overcome some of the previous 
problems associated with delayed haemo
poietic recovery, the trial incorporates the 
option to collect peripheral blood stem cells 
(PBSCs) and administer them as additional 
support after course 4, 5, or in association 
with ABMT, with the aim of facilitating 
more rapid haemopoietic reconstitution. 
Factors associated with optimal PBSC col
lections will be analysed as the trial pro
ceeds. The theoretical risk of tumour con
tamination of PBSC samples will be as
sessed, where possible, by molecular tech-

I University College London Hospitals, UK 
2 University of Wales College of Medicine, Cardiff, UK 
3 Clinical Trial Service Unit, Radcliffe Infirmary, UK 
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niques, and at close of trial in terms of rela
tive relapse rate. 

Introduction 

In the management of acute myeloid leukae
mia (AML), the availability of peripheral 
blood stem cell transplantation (PBSCT) has 
made this an attractive alternative to autolo
gous bone marrow transplantation (ABMT) 
as a means of stem cell rescue following high
dose therapy.!t seems unlikely that a prospec
tive study of PBSCT versus ABMT in AML 
will be performed; indeed there is generally 
an increasing switch towards total or subtotal 
use of peripheral blood stem cells,rather than 
bone marrow, for autologous stem cell rescue. 
The potential benefits of PBSC following 
high-dose therapy in AML are twofold. First
ly, there is the possibility that the addition of 
PBSC in place of marrow alone will reduce 
the morbidity and mortality seen in prospec
tive randomised studies of high-dose therapy 
in AML. This may allow the improvement in 
relapse rate after ABMT, compared to con
ventional chemotherapy, to be translated into 
improved overall survival. Secondly, there is a 
theoretical possibility, for which no data is 
currently available, that PBSCs may be less 
contaminated with clonogenic leukaemic 
cells than autologous bone marrow. 



Materials and Methods 

Previous Data and Rationale 

The rationale for the use of peripheral blood 
stem cells in the new UK adult leukaemia 
trial, MRC AML-12 [1], is derived from the 
structure and findings of the previous MRC 
AML trial, now closed (AML-I0). The AML-
10 trial [2,3] ran between 1987 and 1994 and 
accrued almost 2000 patients including both 
adults and children. The trial involved an ini
tial chemotherapy randomisation between 
DAT and ADE, each of which was given as 
two courses. Following this, two further 
courses of conventional chemotherapy were 
administered, MACE and MidAC. After the 
fourth course of chemotherapy, those pa
tients having a matched sibling were allocat
ed to allogeneic bone marrow transplanta
tion in first remission, while those patients 
for whom a matched sibling was not avai
lable-were randomised, either to stop chemo
therapy, or to have a fifth course of treatment 
in the form of cyclophosphamide and total 
body irradiation (TBI), rescued by auto
logous bone marrow. 

In this study, the relapse rate of ABMT 
versus Stop is currently 37% vs 58%, with a 
highly significant pvalue (0.0007). However, 
because of problems of a death rate in remis
sion of approximately 12% in the ABMT 
arm, i.e, 15 patients out of 126 randomised 
patients, the overall survival for ABMT vs 
Stop is currently 57% vs. 46% at 7 years, 
which is not significant (p = 0.2). The in
creased death rate in CR in the ABMT pa
tients has been mainly attributed to slow re
covery of neutrophil and platelet counts. 
This is demonstrated in Table 1, where me
dian days to recovery following allogeneic 
transplantation are compared with those 
following autologous transplantation. 

Out of a total of 226 patients who had 
ABMT for AML, some of whom were not 
randomised,27 patients died in CR. Analysis 
of the data available on these 27 patients 
shows that: (1) 21121 patients (100%) never 
achieved platelet recovery to >50 X 109 /1; (2) 
10123 (44%) did not achieve neutrophil re
covery to > 0.5 X 109/1, while a further 10/23 
(44%) took longer than 30 days to recover 
their neutrophils; (3) the causes of death in 

Table 1. Comparison of neutrophil and platelet re
covery times for allogeneic and autologous BMT in 
AML-10. All differences were highly significant 
(AML-10data) 

Allogeneic Autologous 
BMT BMT 

Median days to 
neutrophils >0.5 X 109!1 19 31 

Median days to 
neutrophils >1.0 X109/1 23 48 

Median days to 
platelets> 50 X 109!1 25 71 

Median days to 
platelets> 100 X 109!1 42 146 

21 of the 27 patients were infection (8/26 = 
31 %); bleeding (6126 = 23%); graft failure 
(3126 = 11.5%); cardiac failure (2126 = 7%), 
and multiple causes (2126 = 7%). 

Given the suggestion that slow haemo
poietic recovery after ABMT in AML ac
counted for the considerable death rate in 
remission in these patients, the basis for the 
new MRC AML-12 protocol was derived. 

DesignofMRCAML-l2Trial 

In the new trial, patients are divided into three 
main risk groups. Those patients assigned to 
the good risk group have the cytogenetic ab
normalities t( 8;21), inv 16 or t(15; 17). Patients 
remain in this group irrespective of their 
marrow status after the first course of chemo
therapy. Patients in the standard risk group 
are those who are neither in the good risk nor 
the poor risk group, i.e. who have no favou
rable karyotypic abnormalities, but not more 
than 20% blasts in the bone marrow after 
course 1. Patients in the poor risk group are 
those with more than 20% blasts in the bone 
marrow after course 1 and without favourable 
karyotypic abnormalities, or patients who are 
not in remission after course 2. Failure to 
achieve less than 20% blasts after course 1 has 
previously been shown to be important in 
terms of prognosis [3]. 

In AML-12, new randomisations: 
1. compare ADE vs. MAE chemotherapy as 

courses 1 and 2; 
2. compare the effect of four versus five 

courses of chemotherapy, and 
3. continue to explore the role of ABMT. 
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The structure of the trial is as follows. 
With the first randomisation, to ADE vs. 
MAE, patients are also randomised to G-CSF 
or not. Following the first course of chemo
therapy the patients are then divided into 
one of the above three risk groups - good, 
standard and poor. The good risk patients 
are not subjected to transplantation in first 
remission, but are randomised instead to 
four courses of chemotherapy (where course 
3 is MACE and course 4 is MidAC) vs. five 
courses of chemotherapy (where MACE is 
the 3rd, ICE the 4th, and MidAC the 5th 
course). The standard risk patients are ran
domised four ways, either to four courses, in 
which the fourth course is BMT or MidAC, or 
five courses, in which the fourth course is 
ICE, and the fifth, BMT or MidAC. For those 
in the BMT arms, an allograft is carried out if 
a matched sibling is available, and an auto
graft if not. The poor risk patients are trea
ted on a relapse protocol (MRC AML-R [4]). 
This compares standard versus sequential 
ADE (three courses), with a further rando
misation to cyclosporin versus no cyclospo
rin as potential resistance modification. Al
logeneic transplant with sibling or unrelated 
donor is then carried out as soon as possible. 

Peripheral blood stem cells are collected 
and used in AML-12 for a variety of reasons: 
1. to establish the adequacy of stem cell 

mobilisation after AML chemotherapy; 
2. to analyse factors influencing stem cell 

yields; 
3. in an attempt to shorten the time to 

haemopoietic recovery after courses 4 or 
5, and/or after high-dose therapy; 

4. to assess the effects of PBSC use on mor
bidity and mortality overall. 

In the trial, peripheral blood stem cells are 
used in addition, rather than as an alterna
tive, to autologous marrow as stem cell res
cue. This is because when the study was be
ing conceived it was not certain whether 
stem cells alone would sustain the grafts. 

Options for PBSC Collection and Use 

PBSCs may be collected either after course 2 
or course 3 of chemotherapy. PBSCs may be 
returned after conventional chemotherapy 
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to shorten recovery after course 4, course 5 
and/or after ABMT. There is no specifica
tion in this study as to the number ofleuca
phereses, the number of cells to be collec
ted, or the number of cells to be returned at 
each stage. 

Results 

From December 1994 to December 1996,561 
patients were enrolled into MRC AML 12, 
from 132 UK centres. Of these patients, 205 
have had PBSCs collected. The preliminary 
collection data from 99 of these 205 patients 
shows that 57 patients were collected after 
course 2, 38 patients after course 3 and for 
the four other patients the data is not fully 
gathered. The average number of PBSCs col
lected per apheresis is shown in table 2, using 
an arbitrary threshold of 2 X 108 /kg mono
nuclear cells. Patients in whom the data col
lection is not complete are excluded. These 
results show that, using this threshold, the 
majority of patients achieve adequate total 
yields after course 2 or 3, although the yields 
appear to be greater after course 2 (Table 2). 
Similarly, there may be a tendency to require 
more collections after course 3 (Table 3). 

Table 2. Number of patients obtaining adequate and 
inadequate PBSC yields, using an arbitrary thre
shold of 2X 108 /kg mononuclear cells, when har
vested after course 2 and 3 (AML-12 preliminary 
data) 

Average PBSC yield <2 X 108 /kg =or>2 X 
108 /kg 

After course 2 (n = SO) 11 (22%) 39 (78%) 
After course 3 (n = 32) 10 (31 %) 22 (69%) 
Total (n = 82) 21 (26%) 61 (74%) 

Table 3. Number of patients who underwent 1,2 or 
3+ aphereses after courses 2 and 3 (AML-12 prelim
inarydata) 

No. of 2 3+ 
aphereses 

After course 2 37(71%) 14 (27%) 1 (2%) 
(n = 52) 
After course 3 16 (44%) 13 (36%) 7 (19%) 
(n=36) 
Total 53 (60%) 27 (31 %) 8 (9%) 
(n=88) 



Multivariate analysis of factors influen
cing the average PBSC yield suggests a pos
sible influence of: 
1. the course after which PBSCs are collec

ted (p = 0.0479); 
2. the patient risk group, standard vs good 

vs poor (p = 0.0219); 
3. randomisation to either ADE or MAE for 

courses 1 and 2, (p = 0.0014). The direc
tion of influence is not revealed in this 
preliminary data, because the trial is still 
open. 

The PBSC yield was not affected by the age of 
the patient. In the 34 out of 99 patients who 
had bone marrow harvested in addition to 
PBSCs, there was no correlation between the 
PBSC yield and the number of cells collected 
at bone marrow harvest. Nor was the bone 
marrow harvest yield affected by the factors 
that apparently influence stem cell yield. 

At the present time, only 19 out of 99 pa
tients have received PBSCs back, in four pa
tients after course 4, in five patients after 
course 5, and in ten patients following 
ABMT. 

Discussion 

The UK MRCAML-12 trial represents an at
tempt to analyse the utility ofPBSCs in AML. 
Data from the UK MRC AML-I0 trial, and 
others including the EORTC AML-8 trial [5), 
show that high-dose therapy with autolo
gous rescue, following conventional chemo
therapy, significantly reduces relapse in pa
tients with AML. The problem has been the 
morbidity and mortality of ABMT in this sit
uation, i. e. a loss of about 12% of patients in 
complete remission. Although the initial sin
gle-centre pilot studies of ABMT in AML 
showed a transplant-related mortality of 
only 5-6%, it has been of considerable con
cern that the multi-centre trials looking 
prospectively at the utility of ABMT in AML 
have shown a transplant mortality twice as 
great as in initial pilot studies. This could 
have happened for a number of reasons. 
Firstly, there is the difficulty of translating 
the efficacy and safety of single-centre stu
dies to a multi-centre prospective trial. Sec
ondly, the level of intensity of the four cour-

ses of chemotherapy which precede ABMT 
is far greater than in the pilot studies. Third-
1y, some of the pilot studies had been per
formed using high-dose chemotherapy, 
without TBI, as the ablative regimen, and it 
may be that recovery following ABMT is 
greater after a TBI -based ablative regimen 
than after high-dose chemotherapy alone. 

In any case, it appears from AML-I0 that 
the significant reduction in relapse achieved 
by high-dose therapy has been almost total
ly mitigated by the loss of patients through 
delayed recovery from the transplant. Thus 
was the rationale for the development of 
AML-12 derived. This trial aims to achieve 
the benefit of reduction in relapse of addi
tional therapy, whilst making that additional 
therapy safer. The use of PBSCs seemed an 
obvious method of shortening the recovery 
from high dose therapy; however, at the time 
of initiation of the new study AML-12, it was 
not clear that peripheral blood stem cells 
alone would be sufficient to sustain and 
maintain the graft for an indefinite period. 
For this reason it was decided to use PBSCs 
to supplement autologous marrow, thus 
bringing about the possibility of shortening 
the recovery time, whilst reducing the pos
sibility of failure to sustain the graft by add
ing autologous marrow as well. The struc
ture of the study in this fashion, however, 
means that the issue of potential contamina
tion of PBSCs, compared to autologous BM, 
will not be fully assessable. However, where a 
suitable marker is present, the quality of 
PBSCs in terms of tumour contamination 
will be evaluated by laboratory studies. 

Another explanation for the improved re
lapse rates seen in AML-I0 after ABMT, is 
that it is not the high-dose therapy per se 
that reduces relapse, but the administration 
of an additional course of therapy. The 
AML-12 trial examines this question by 
looking at a fifth course of chemotherapy in 
some patients who do not receive high-dose 
therapy. Again, there is concern about haem
opoietic recovery after later courses of 
chemotherapy - significant delays in platelet 
recovery, in particular, were seen in AML-l 0 
after course 4. As an additional option of the 
AML-12 trial, therefore, some or all available 
PBSCs may be added back in the recovery 
phase of courses 4 and/or 5 of conventional 
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chemotherapy, to improve recovery times, 
and reduce morbidity and mortality. 

In summary, PBSCs represent a potential 
means of reducing morbidity and mortality 
in the treatment of AML, while allowing the 
benefits oflonger and more intensive thera
py to be further explored. The MRC AML-12 
trial is designed, in part, to exploit these ad
vantages of PBSCs. Whether there are any 
disadvantages - for example, through tu
mour contamination of stem cells - may also 
be revealed by laboratory studies, and by 
analysis of relative relapse rates. 
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Abstract. Autologous blood cell transplanta
tion (BCT) is an alternative to autologous 
bone marrow transplantation (BMT) for pa
tients with acute myeloid leukemia (AML) in 
first remission. Its main advantage is that it 
is followed by a quicker engraftment than 
that observed after BMT. From the retro
spective analysis of the European Blood and 
Marrow Transplantation (EBMT) registry, 
the 2-year disease-free survival (DFS) (44 ± 
6% versus 51 ± 2%), relapse incidence (RI) 
(50 ± 6% and 43 ± 1 %) and survival (53 ± 6% 
and 58 ± 1 %) are similar after either BCT or 
BMT. In the BGMT 87 and BGMT 91 pros
pective studies, no statistically significant 
differences were seen between BCT and 
BMT for DFS, RI and survival. Thus, we con
clude that the use of blood cells for autolo
gous transplantation has more advantages 
than disadvantages. 

Introduction 

Autologous stem cell transplantation 
(ASCT) is increasingly used for the treat
ment of Acute Myeloid Leukemia (AML) in 
first remission (CRl), although its superio
rity over intensive chemotherapy has been 
shown in only one study [1]. The main cause 
of failure following ASCT is leukemia recur
rence which could be due, at least in some 
cases, to the reinfusion of malignant cells 
present in the graft [2]. When blood stem 

cells were initially proposed to be used in
stead of bone marrow to perform ASCT, the 
hypothesis was that their use could lead to a 
decrease in the relapse incidence, as they 
could be less contaminated by residual leu
kemia cells than bone marrow. Up to now, 
this hypothesis has neither been confirmed 
nor refuted but the advantage of blood cell 
transplantation (BCT) over bone marrow 
transplantation (BMT) is that hematopoiet
ic recovery is significantly quicker after BCT 
than after BMT [3]. To analyse possible ad
vantages and disadvantages of BCT over 
BMT, we have reviewed the data of the Euro
pean Blood and Marrow Transplantation 
(EBMT) registry as well as those of our own 
BGMT studies in which autologous BCT and 
BMT were prospectively compared. 

Patients and Methods 

EBMT Registry 

Among the patients who were transplanted 
for AML in CR1 and reported to the EBMT 
Registry during the period 1985-1995, we 
retrospectively reviewed the data of those 
for whom main characteristics were avai
lable. These characteristics included age and 
sex of patients, FAB morphology, initial 
white blood cell (WBC) count, the intervals 
between diagnosis and CR1 or CR1 and 
ASCT, the dates of CR1, transplant and, fol-

Service des Maladies du Sang, CHU Bordeaux, France, and Laboratoire de Greffe de Moelle, Universite Victor 
Segalen Bordeaux, France 
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lowing ASCT, the dates of relapse or death or 
last follow- up. Thus we were able to compare 
100 patients who underwent BCT with 1293 
patients who were treated with BMT. 

BGMT Studies 

In the BGMT study including 204 AML pa
tients under the age of 55 years, 33 patients 
were allocated to ASCT after induction 
chemotherapy and intensification (with 
high dose Aracytine: 3 g/m2 x 8 and Dauno
rubicin: 45 mg/m2 x 3) which was followed 
by stem cell collection (blood cells: 17; bone 
marrow: 16); the 33 patients subsequently 
underwent ASCT after a preparatory regi
men including Busulfan (4 mg/kg/day x 4) 
and Melphalan (140 mg/m2) [4]. No growth 
factors were used after either intensification 
or ASCT. In the BGMT 91 study, 26 patients 
allocated to BCT were given the same treat
ment as in the BGMT 87 study but G-CSF 
(Lenograstim: 263 jlg/day) was given from 
the first day after the end of intensification 
to the completion of leukaphereses. No G
CSF was used after BCT. 

Statistical Analysis 

In the EBMT registry and BGMT studies, we 
compared the disease-free survival (DSF), 
relapse incidence (RI) and survival (OS) of 
patients undergoing either BCT or BMT. The 
Kaplan Meier method was used to calculate 
DFS, RI and OS and the log rank test to com
pare these parameters for BCT and BMT pa
tients. We also compared the median num
ber of days to reach absolute numbers of 500 
polymorphonuclear cells (ANC 500) or 
50000 platelets (P 50000) per mm3• 

Results 

EBMT Retrospective Study 

Some characteristics of BCT and BMT dif
fered significantly as the BCT patients were 
older (p < 0.0003), had less incidence of pro
myelocytic leukemia (p < 0.02), a shorter 
interval between CRI and ASCT (p < 0.04) 
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Table 1. Results of the EBMT registry BCT versus 
BMT in patients with AML in first CR1 

Two-year DFS 
Two-yearRI 
Two-yearS 

BCT 

44 ± 6% 
50 ± 6% 
53 ± 6% 

BMT 

51 ± 2% 
43 ± 1% 
58 ± 1 % 

pvalue 

0.12 
0.045 
0.59 

and to a lesser extent a longer interval 
between diagnosis and CR1 (p> 0.08). The 
2-year DFS, RI and OS were 44 ± 6 and 51 ± 
2%, 50 ± 6 and 43 ± 1 %, 53 ± 6 and 58 ± 1 % 
for BCT and BMT respectively (Table 1). 
These differences were not significantly dif
ferent. Using multivariate analysis per
formed on the 1393 ASCT patients (BCT = 
100; BMT = 1293), the factors which signifi
cantly influenced DFS were the intervals 
between CRI and ASCT or diagnosis and 
CRI (p < 0.005 and p < 0.0003 respectively), 
promyelocytic leukemia (p < 0.005) and age 
(p < 0.05). 

The median time to ANC 500 was signifi
cantly shorter after BCT (13 days; 1-60) than 
after BMT (24 days; 2-389) (p < 0.0001); simi
lar differences were seen for platelet recon
stitution as P 50000 was obtained after 42 
days (9-713) versus 60 days (2-1332) follo
wing BCT and BMT, respectively (p < 0.007). 

BGMT Studies 

In the BGMT study, the 3-year DFS and RI 
were similar following either BMT (52.3 ± 
12.1 % and 43.7 ± 12.4% respectively) or 
BMT (56.3 ± 12.4% and 39.4 ± 12.6% respec
tively) (p = NS). In the BGMT 91 study, the 
three-year DFS and RI of the 26 BCT patients 
were 53.6 ± 9.8% and 46 ± 9.8% respectively 
and were similar to those found in the 
BGMT 87 study for BCT patients. These re
sults did not differ significantly from those 
found for the BMT patients of the BGMT 91 
study. As reported elsewhere [5], survival 
DFS or RI were not influenced by the num
ber of cells infused for autologous trans
plantation. 

Hematopoietic recovery was analysed in 
the patients transplanted in our institution 
(CHU Bordeaux). After BCT, the median 



times to ANC were 13 (11-51) and 14 days 
(11-55) in the BGMT 87 and BGMT 91 stud
ies, respectively (p = NS); however, platelet 
reconstitution was quicker in the BGMT 91 
study (57 days; 10-635) than in the BGMT 87 
study (92 days; 12-293), but the difference 
was not statistically different. 

Discussion 

It is now very clear that hematopoietic re
covery is significantly quicker after BCT 
than after BMT. The data from the EBMT 
registry confirm this point. However, it has 
not been demonstrated that this could lead 
to a decrease in transplant-related mortality. 
In many reports, the time to ANC 500 is very 
close to 13-15 days and seems to be similar 
after chemotherapy-mobilized or chemo
therapy + G-CSF mobilized BCT (Table 2); 
however, platelet reconstitution seems to be 
quicker when G-CSF is combined with 
chemotherapy for blood cell mobilization as 
compared to the use of chemotherapy alone 
(Table 2). However, this has not been de
monstrated prospectively. Hematopoietic 
reconstitution following transplantation of 
blood cells mobilized with G-CSF alone (16-
32 Ilg/kg) during steady state is as quick as 
that observed after chemotherapy (± G
CSF) mobilized BCT, suggesting that chemo
therapy is not needed for collecting blood 
cells in AML. 

Some preliminary reports involving a low 
number of patients have suggested that the 

RI could be higher after BCT than BMT. La
porte et aI. reported four patients trans
planted with blood cells, of whom three had 
relapsed within four months from trans
plant [12]. Mehta et aI. also reported four pa
tients who presented with early relapse after 
BCT, and suggested that the higher cell dose 
used for BCT (with more residual leukemic 
cells) could explain an increase in the RI 
[13]. Korbling et aI. reported 20 patients 
transplanted with unpurged blood cells for 
whom the 2-year DFS was 35% (14-56%, 
95% CI) which was lower (although not sig
nificantly) than that observed in a group of 
23 patients with similar characteristics 
transplanted during the same period with 
mafosfamide-purged marrow [7]. 

Two larger series of patients have more re
cently been published. Sanz et aI. transplan
ted 24 AML patients with blood cells rein
fused after a preparatory regimen of Busul
fan and Cyclophosphamide. Actuarial DFS 
and RI at 30 months were 35 (25-45%; 95% 
CI) and 60% (50-72%; 95% CI) respectively 
[14]. In the study by Schiller et aI., 48 patients 
were transplanted with blood cells after TBT 
and Cyclophosphamide; after a median fol
low-up of24 months, 29 of them were still in 
continuous complete remission [9]. Interes
tingly in this latter study, although blood 
cells were collected after mobilization with 
chemotherapy and G-CSF (whereas G-CSF 
was not used in other studies), the RI was not 
higher than that observed in the studies 
where G-CSF was not used for mobilization 
[7,12,13,14]. 

Table 2. Hematopoietic recovery in patients with AML undergoing autologous transplantation (according to 
the source of stem cells) 

ANC500' P120000a Reference 

PurgedBMT 42 (not given) 46 (not given) 7 

Unpurged BMT 27 (9-389) 50 (10-700) 6 

CT-Mobilized BCT 15.5 (9-60) 58.5 (11-713) 6 
14 (not given) 30 (not given) 7 
13 (11-51) 92 (12-293)b 8 

HGF + CT-Mobilized BCT 15 (11-35) 16 (8-153) 9 
14 (10-27) 11 (5-210) 10 
14 (11-55) 57 (10-635)b Reiffers et al.; unpublished 

HGF-Mobilized BCT 12 (8-27) 15 (8-103) 11 

• ANC 500 and PI 20000 signify the median number of days to achieve an absolute neutrophil count and plate
let count of 500 and 20000 per mm3 respectively. 

bTime to recover to 50000 platelets per mm3• 
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From these studies, there are no apparent 
differences in the long-term results of BCT 
versus BMT for AML patients in first CR. To 
address this point in a larger number of pa
tients, we retrospectively reviewed the data 
of 1393 patients reported in the European 
Blood and Marrow Transplantation (EBMT) 
registry and found that there was no statisti
cal difference in the clinical results of BCT 
versus BMT. In the prospective BGMT stu
dies, we also found that DFS,RT and survival 
of patients undergoing BCT or BMT were 
similar. Thus, despite disappointing results 
observed in a small series of patients under
going BCT for AML in CRl, no clinical re
sults to date indicate that the results of BCT 
and BMT are very different. 

Conclusion 

In AML patients in first remission, the use of 
blood cells has the advantage of a quicker 
neutrophil and platelet engraftment which 
could lead to a decrease in morbidity but not 
mortality. The long-term survival of pa
tients after either BMT or BCT is similar. 
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Abstract Intensification of induction and 
consolidation treatment in de novo AML 
lead to a continuous improvement of dis
ease-free survival in the last 20 years. To in
crease dose-intensity during consolidation, 
patients in continued CR (n = 16) which did 
not qualify for allogeneic BMT, received bu
sulfan/cyclophosphamide conditioning and 
peripheral blood stem cell transplantation 
(PBSCT) after double induction treatment 
with TAD (thioguanine, daunorubicin and 
AraC) and HAM (high-dose AraC and mi
toxantrone) and an early consolidation with 
a second course of TAD. G-CSF treatment 
was started on day two after each chemo
therapy as well as on the day of PBSCT. PBSC 
were collected after mobilization with HAM 
for back-up and after the second course of 
TAD for transplantation. PBSCT could be 
performed in all patients being in continued 
CR (1.33 x 106 CD34+ cells per kg (range 1.0 
to 2.9 X 106); 1.38 X 105 CFU-GM/kg (range 
0.14 to 2.8 x 105» except one patient with 
persistent pancytopenia after the second 
course of TAD. A further mobilization with 
cyclophosphamide was necessary in three 
patients after the second course of TAD. Leu
kocyte counts of 109/1 were achieved within 
10.4 days (range 8-12). In five cases the in
crease in thrombocyte counts was biphasic 
but remained stable> 100 x 109/1 after 59 
days (range 16-92) in all patients. Severe tox
icities (grade IV) were observed in 4 patients 
(peumonia 2 x, pericarditis 1 x, VOD 1 x). 
One patient died of pneumonia. Relapse-

free survival was 66% (95% confidence 
interval 58 to 74%) at a mean observation 
time of 27 months. Cytogenetically patients 
were found to be at good (n = 1) intermedi
ate (n = 14) and high risk (n = 1). Of the four 
patients relapsing three only achieved CR af
ter a second induction cycle, one was at high 
risk cytogenetically and two had an exces
sively high initial LDH level (> 1000 UIl). 
One patient developed a myelodysplastic 
syndrome. Thus, myeloablative chemothe
rapy with PBSCT has tolerable toxicity and 
may be performed routinely as consolida
tion treatment following TAD-HAM-TAD. 
The risk of relapse seems to be increased if 
achievement of CR is delayed. The observed 
relapse-free survival justifies a randomized 
trial with standard versus high-dose chemo
therapy combined with the transplantation 
of in vivo purged PBSCs. 

Introduction 

Dose intensity in the treatment of acute 
myeloid leukemia has been continuously es
calated during the last 20 years and has im
proved the outcome steadily [1]. Dose esca
lation during induction and consolidation 
treatment as well as during postremission 
treatment resulted in improved disease-free 
survival [2-5]. However, high-dose cytosine 
arabinoside (AraC) combined with anthra
cyclines or an anthrachinone in the postre
mission treatment is associated with an in-
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creased risk of long-lasting myelotoxicity, 
with a significant morbidity and mortality 
as well as with prolonged therapy-free inter
vals which may increase the risk of an early 
relapse [4-6). Therefore, tolerance of this 
kind of postremission-therapy is signifi
cantly reduced and further decreases with 
age implicating an undertreatment of elder
ly patients. 

Aim of our pilot study was to increase 
both tolerance and dose-intensity of postre
mission chemotherapy by the use of autolo
gous PBSC following myeloablative chemo
therapy. 

Patients and Methods 

Patients 

Between November 1993 and December 
1995, all patients aged 15 to 60 years with de 
novo AML entering our institution were en
rolled onto the study protocol on the basis of 
intent to treat. Diagnosis of AML was made 
according to French-American-British 
(FAB) group revised criteria. Patients with
out an HLA-identical sibling who achieved 
CR after double induction chemotherapy 
were considered eligible to receive consoli
dation chemotherapy followed by an inten
sive maintenance chemotherapy with a 
myeloablative conditioning regimen and 
PBSCT.All patients included had a forced ex
piratory volume:::::: 70% predicted, a diffu
sion capacity of carbonmonoxide of:::::: 60%, 
an adequate renal and liver function as de
termined by a serum creatinine :5 2 times 
normal, and a bilirubin, serum glutamine 
oxaloacetic transaminase and alkaline 
phosphatase :5 2 times normal, and no heart 
insufficiency > lIO (NYHA), respectively. 
Promyelocytic leukemias were excluded and 
treated according to a specially adapted pro
tocol. 

A total of 23 consecutive patients were en
tered onto the protocol. 16 of 23 eligible pa
tients (Table 1) were subsequently treated 
with high-dose chemotherapy and aPBSCT 
(69%). One patient was excluded due to an 
early relapse, one patient died of heart fai
lure in complete remission after induction 
chemotherapy, one patient died of cerebral 
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Table 1. PBSCT in de novo AML: patients' characteris
tics 

Total no. of patients 

Sex (no. of patients) 
Male 
Female 

Age (years) 
Median 
Range 

FAB subtype (no. of patients) 
Ml 
M2 
M4 
M5 

WBC count (x 10911) 
Median 
Range 

Hemoglobin (g/dl) 
Median 
Range 

Platelet count (x 109/1) 
Median 
Range 

Lactate dehydrogenase (Ufl) 
Median 
Range 

Cytogenetic aberrations a 

normal karyotype 
aberrations 
metaphases not available 

Interval diagnosis to PBSCT (months) 
Median 
Range 

Interval CR to PBSCT (months) 
Median 
Range 

Abbreviations: 

16 

7 
9 

47 
34-59 

4 
6 
5 
1 

48 
1-139 

9.2 
6.1-12.6 

32 
11-196 

735 
254-1884 

11 
4 
1 

5 
4.5 
4-5 

3 
2-4 

CR: complete remission; PBSCT: peripheral 
blood stem cell transplantation 
a t( 1 ;7), inv 16, t( 8; 16), complex aberrations 

bleeding during induction chemotherapy 
due to a leukostasis syndrome and four pa
tients with HLA identical siblings received 
allogeneic bone marrow transplantation. 

Treatment Schedule 

Double-induction chemotherapy [7) con
sisted of one cycle TAD, daunorubicin (60 
mg/m2 day 1 to 3), Ara C (100 mg/m2 day 1 
and 2, twice daily 100 mg/m2 day 3 to 8) and 
thioguanine (twice daily 100 mg/m2 day 1 to 
3) combined with mitoxantrone (20 mg/m2 



day 3 to 5). When complete remission was 
achieved patients received a second TAD cy
cle as consolidation treatment. A further 
mobilization course with 2 g/m2 cyclophos
phamide (CTX) day 1 was applied when not 
enough CD34 positive cells could be har
vested during HAM and TAD II mobiliza
tion (n = 3).As intensive maintenance thera
py high-dose busulfan (4 mg/kg day-9 to -6) 
combined with CTX (60 mg/kg day -5 to -2) 
was applicated followed by PBSCT on day + 1 
[8]. 

Stem Cell Mobilization 

G-CSF (Neupogen) was given after each cy
cle of chemotherapy. Daily G-CSF applica
tion was started on day 2 after chemothera
py (5Ilg/kg s.c.). 

Harvesting of PBSC 

Stem cells were collected with a continuous 
flow blood cell separator, either a Cobe Spec
tra Apheresis System or a Fenwal CS 3000. 
During leukapheresis a total volume of 8-12 
I at a flow rate of 50-70 ml!min was pro
cessed. Leukaphereses were performed dur
ing recovery following HAM and TAD II 
when CD34 counts were> 4 x 103/ml. Addi
tionalleukapheresis cycles were performed 
in 3 patients following cyclophosphamide 
mobilization. Daily leukaphereses were per
formed during 2 to 4 subsequent days. A me
dian of 2.25 aphereses per cycle and a me
dian of 1.7 cycles have been performed per 
patient following mobilization with HAM 
and TAD II. 

Cryopreservation and Retransfusion of PBSC 

The apheresis product was mixed with an 
equal volume of minimal essential medium 
containing 20% dimethylsulfoxide (DMSO, 
Merck, Darmstadt, Germany) and immedi
ately transfered into freezing bags (Cryocyte 
freezing container, Fenwal) and frozen to 
-100°C with a computer-controlled cryo
preservation device (Cryoson BV-6, Cryo
son Deutschland GmbH, SchDllkrippen, 

Germany). The frozen bags were stored in 
liquid nitrogen at -196°C until use. 

Thawing was performed in a 40°C water
bath. For retransfusion the cell suspension 
was aspirated into 50 ml syringes and imme
diately injected into a central line at high 
flow rate. To avoid anaphylactic complica
tions patients received premedication con
sisting of 100 mg prednisolone and Hl
blocker 1 h prior to transplantation. A mean 
of 1.33 x 106 CD34 positive cells fer kg 
(range 0.1 to 2.9 x 106) and 1.38 x 10 CFU
GM/kg (range 0.14 to 2.8 x 105) were retrans
fused. Only leukapheresis products collect
ed following TAD II or CTX were used for 
transplantation. 

In Vitro Colony Assay 

Granulocyte-macrophage progenitor cells 
(colony-forming unit granulocyte-macro
phage, CFU-GM) and erythroid progenitor 
cells (burst forming units BFU-E) were ana
lyzed in each apheresis product. Mononu
clear cells were plated in 35-mm Petri dishes 
in triplicate. Human placenta-conditioned 
medium was used as source for colony-sti
mulating factors. Cultures were incubated in 
a closed humidified atmosphere at 37°C 
with 5% CO2. 

Quantification of PBSC 

Stem cell counts were performed using Li
Heparin anticoagulated peripheral blood 
samples or leukapheresis products. In a first 
step whole blood (100 Ill) or the concentrate 
diluted with PBS (106 cells in 100 Ill) were in
cubated for 15 min on ice with saturating 
concentrations of a R-phycoerythrin-conju
gated CD34 antibody (HPCA-2, Becton 
Dickinson, San Jose, CA) and a PerCP conju
gate of CD45 (HIe-I, Becton Dickinson). 
FITC-conjugated reagents with specificity 
for previously identified abnormal blast 
populations were added at the same time 
were necessary. Following incubation the 
cell samples were incubated for 10 min at 
room temperature with a lysing reagent 
(FASClyse, Becton Dickinson) followed by 
washing twice (1500 g, 4°C) with PBS and re-
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suspending in 300 fil PBS. The samples were 
then analyzed using forward scatter as the 
trigger parameter on a FACScan flow cytom
eter (Becton Dickinson, Heidelberg, Germa
ny). Peripheral blood stem cells were inden
tified using LYSYS-II software based on cel
lular forward and light scatter characteris
tics corresponding to CD45++ lymphocytes 
simultaneously with a low expression of 
CD45 similar to neutrophils and an only 
bright expression of CD34. The absolute 
concentration of stem cells was calculated 
from the relative percentage of stem cells in 
the flow cytrometric analysis of nucleated 
cells and absolute leukocyte counts deter
mined from an EDTA-anticoagulated blood 
sample in a H*3 hematology analyzer (Bayer 
Diagnostics, Miles Division, Tarrytown, 
NY). 

Supportive Care, Defenitions and Statistical Analysis 

Patients were nursed in reverse-barrier iso
lation when leucocytes were < 1000/fil and 
received decontamination with ciprofloxa
cin p.o. and oral amphotericin suspension. 
Chemotherapy and all infusions were appli
cated on a central line. All cellular products 
were irradiated to 1.5 Gy and filtered before 
transfusion. To prevent busulfan-induced 
side effects oral diphenylhydantoin or oral 
diazepam was given. 

Complete remission (CR) was defined ac
cording to the Cancer- and Leukemia Group 
B [9]. Complications related to the condi
tioning treatment were graded correspon
ding the WHO criteria. Hepatic venoocclu
sive disease (VOD) was suggested when two 
of the following symptoms were observed in 
addition to hyperbilirubinemia symptoms 
(bilirubin> 34 mmol!l): hepatomegaly, as
cites, weight gain [10]. 

Event -free survival was defined as the 
length of time until the first event - that is, 
treatment failure (relapse or failure to enter 
remission) or death. Calculation of event
free survival started from consolidation 
treatment. Actuarial curves showing event
free survival were constructed according to 
the Kaplan-Meier method. Time to relapse 
was calculated from the time of first CR to 
relapse. 
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Results 

Mobilization of CD34-Positive Cells 

CD34 positive cells were sequentially mea
sured by flow cytometry during mobiliza
tion to determine the maximal increase. The 
median number of CD34 positive cells/kg 
collected per leukapheresis cycle (n = 15 fol
lowing HAM, n = 15 followin~ TAD II) was 
1.61 x 106 (range 0.4 to 25 x 10 ), the median 
number of CFU-GM/kg was 4.9 x 104/kg. 
The increase of CD34 positive cells in pe
ripheral blood was paralleled by increasing 
leukocyte counts. However, no correlation 
could be found between the number of cir
culating CD34-positive cells and the corres
ponding mononuclear cells, lymphocyte or 
polymorphonuclear cells count both during 
TAD and HAM mobilization (data not 
shown). 

The time intervals to maximal CD34 re
lease into the peripheral blood were highly 
variable and independent of the mobiliza
tion schedule (TAD or HAM). Maximal 
CD34 counts were measured after 11 to 24 
days (mean 14 days). In most cases CD34 
cell counts were maximally increased on day 
11 to 15 (n = 20,66%), irrespective of the mo
bilization schedule used. However, a delay 
was observed in 10 mobilization cycles 
(33%).A delayed mobilization was not asso
ciated with a decreased yield in CD34 posi
tive cells. 

Hematopoietic Reconstitution 

Complete hematopoietic bone marrow re
covery was observed in all 16 patients fol
lowing myeloablative chemotherapy and 
PBSCT (Table 2). No back-up leukapheresis 

Table 2. Hematopoietic reconstitution following 
myeloablative chemotherapy and PBSCT (n = 16) 

Days to achieve 

PMN!fll Platelets!1l1 
>500 > 20x 103 > 50 x103 >100x 103 

Mean 10.4 
Range 8-12 

22.7 
10-35 

36.3 
13-64 

59 
16-92 



product had to be retransfused. Median du
ration of severe neutropenia was 14.7 days (6 
to 22 days) after TAD I, 12.5 days (7 to 22 
days) after HAM, 8 days after TAD II and 9.8 
days (6 to 14 days) after BulCy. Duration of 
neutropenia following TAD I or HAM dif
fered significantly from TAD II or BulCy (p 
< 0.01). In 5 patients reconstitution of 
thrombopoiesis was biphasic. 

Toxicity of Myeloablative Chemotherapy and 
aPBSa 

Transplantation was well tolerated without 
severe side effects. No BU-associated sei
zures were observed. The most frequent to
xicitywas mucositis,however no grade III or 
IV mucositis was seen. 13 patients developed 
at least one fever episode with> 38.5 0c. In 
one patient mild clinical VOD was observed 
12 days after aPBSCT. 

The etiology of a pericarditis observed in 
one patient could not be clarified. Two pa
tients suffered from pneumonia. One of 
these patients developed severe respiratory 
insufficiency, was ventilated and died of pro
gressive pneumonia despite hematopoietic 
reconstitution. 

Clinical Status After PBSa 

EFS and the probability of relapse at a mean 
observation time of 27 months are shown in 
Fig. 1 and in Fig. 2. Five patients relapsed 
within 4 to 14 months, one developed a mye
lodysplastic syndrome. Important clinical 
characteristics of these patients are shown 
in Table 3. Only one relapsing patient (No.5) 
has shown no risk factors. In three patients a 

Table 3. Relapses following PBSCT inAML (n = 16) 

Patient 

1 
2 
3 
4 
5 
6" 

CR 

Following TAD I 
Following HAM 
Following HAM 
Following HAM 
Following TAD I 
Following HAM 

" Myelodysplastic syndrome at relapse 

Initial 
LDH(Ull) 

1860 
436 
293 

1621 
324 
67l 

second CR could be achieved. Meanwhile all 
relapsed patients have died. 

Late Complications 

One patient developed a pneumonia within 
the first year after PBSCT. The pneumonia 
resolved with antimicrobial therapy. In one 
patient multiple granulomas of unknown 
etiology were found in the bone marrow. 
The granulomas disappeared within 13 
months after PBSCT. 

Discussion and Conclusion 

In AML sequential application of submyelo
ablative chemotherapy schedules is a neces
sary prerequisite to induce and maintain 
complete remission. Despite the high dose
intensity during AML treatment it was pos
sible to mobilize in all patients sufficient 
CD34 positive cells during consolidation 
treatment to rescue hematopoiesis after 
myeloablative chemotherapy in postremis
sion. Myeloablative chemotherapy followed 
by retransfusion of PBSC was associated 
with a significantly shorter duration of se
vere days with PMN count (0.5 x 109/l) apla
sia than following TAD I and HAM. The me
dian duration of severe neutropenia of 9.8 
days compares with the results of other stud
ies [11-14]. Thus, dose-intensive postremis
sion chemotherapy may become more tole
rable also for elderly patients who are fre
quently undertreated because of the high 
risk of morbidity and mortality due to long
lasting pancytopenia associated with dose
intensive postremission treatment sche
dules. 

Cytogenetic 
aberrations 

No 
No 

Complex aberrations 
n.a. 
No 

t(8;16) 

Duration of 
CR 

7 
14 
9 
4 
8 

10 
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Fig. 1. Event -free survival of 
O.O+------r-----.--------.-----"T"------. patients with de novo AML 

o 10 20 30 40 50 after autologous stem cell 
Months post Transplantation transplantation 

1.0 

0.8 
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O.O+--~--r----~r----~-----r----~ 
Fig. 2. Probability of relapse 
after autologous stem cell 
transplantation for de novo 
AML 

o 10 20 30 

Months post Transplantation 

The question whether myeloablative post
remission chemotherapy supported with 
autologous stem cells results in superior sur
vival remains to be answered by randomised 
trials, comparing dose-intensive induction 
and consolidation treatment with PBSCT 
[1]. Studies are in progress to prove feasibil
ity of further dose-intensification by se
quential stem cell-supported chemotherapy 
[ 1]. 

Characteristics of relapsing patients in 
our study indicate that risk factors for stan
dard chemotherapy as well as for myeloabla
tive chemotherapy supported with PBSC 
seem to be similar. Therefore, further ran
domised studies should not be exclusively 
restricted to high risk AML patients. 

EFS in our study compares to results of 
other phase II trials. The promising results 
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justify to do PBSCT without ex vivo purging. 
Larger studies may clarify which patients 
are at a high risk of relapse. In those sub
groups with high risk of relapse purging 
procedures may be evaluated for their effec
tiveness. 
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Abstract. Historical data about dose intensity 
during induction and/or consolidation 
treatment as well as the evaluation of ran
domized clinical trials comparing different 
dose-levels of anthracyclines or Ara C de
monstrate a close dose-response relation
ship in terms of CR rate and/or survival. 
However, repetitive application of submyelo
blative regimens results in prolonged and 
severe therapy-associated pancytopenia. On 
the other hand, only few patients (17 to 37%) 
with HLA-identical siblings may be treated 
with allogeneic bone marrow transplanta
tion (BMT). New dose-intensification con
cepts during consolidation for patients up to 
60 years are now under evaluation using 
myeloablative or sequentially applied sub
myeloablative consolidation cycles support
ed with autologous peripheral blood stem 
cells (PBSC), which may be routinely collec
ted in 1st CR during subsequent consolida
tion cycles. These PBSC give rise to leuco
cyte reconstitution about 10 days post trans
plantation (> 1.0/nl) as well as to long-term 
hematopoietic recovery. Stem cell collection 
and transplantation offers new insights in 
leukemic disease biology: stem cell kinetics 
in the peripheral blood significantly differ 
from that of lymphomas and solid tumors. 
Additionally, chemotherapy may produce 
both irreversible as well as reversible stem 
cell damage. Further, studies to determine 
the clinical significance of minimal residual 
disease are of major importance. The risk of 

reinfusion of residual leukemic cells seems 
to be of minor relevance to autologous 
transplantation than control of the disease 
in the host: 
1. Myeloablative chemotherapy (CT) in 

2nd CR supported with autologous BM 
collected in 1st CR shows significantly 
superior long-term results than conven
tional CT. 

2. Results of allogeneic BMT in syngeneic 
twins in 1 st CR compare with autologous 
BMT or PBSCT. 

3. Superior survival data of autologous 
transplantation concepts are observed 
when standard CT with relatively low 
dose-intensity has been used and out
come seems to be at least equivalent 
when compared to highly dose-intensive 
standard treatment schedules. 

4. Risk factors for standard CT seem to be 
the same for autologous and allogeneic 
transplantation. 

Nevertheless, gene marking experiments 
have shown that transplantation of clono
genic leukemia cells remains a possible risk. 
When myeloablative CT supported with au
tologous PBSC is used as late consolidation 
more than 80% of the relapses are observed 
during the first year post transplantation. 
Thus, myeloablative chemotherapy results 
in another relapse behaviour compared with 
standard CT probably indicating better dis
ease control in standard risk groups. This 
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observation is supported by the analysis of 
risk factors in relapsing patients after 
myeloablative CT supported with PBSC. In 
conclusion, PBSC supported dose-intensifi
cation during consolidation seems to be a 
feasible treatment concept which may result 
in less severe therapy-associated side effects 
due to shortened pancytopenia and an im
proved leukemia control. 

Dose-Intensive Treatment of AML 

Dose intensity in the treatment of acute 
myelogenous leukemia (AML) has been 
continuously escalated during the last 20 
years to improve steadily outcome (Table 1) 
[1-14].At the same time, many study groups 
focused on supportive care to reduce the in
creasing risk of therapy-associated morbi
dity and mortality due to dose-intensive 
treatment schedules applicated during re
mission, induction, consolidation and post
remission treatment [15]. 

Despite these efforts tolerance of dose-in
tensive regimens remained low in large mul
ticenter studies and toxicity increased espe
cially with age [13]. The reasons are pro
longed therapy-related pancytopenia, pro
longed therapy-free intervals with the risk 
of relapse because time schedules can not be 
kept. Additionally in up to 30% of the AML 
patients HLA-identical allogeneic trans
plantation is chosen as the treatment of 
choice for most AML, [16]. When colony 
stimulating factors (CSF), such as G-CSF, 
were available in the late eighties they were 

initially estimated to be clinically not sui
table for shortening the duration ofleukope
nia during AML treatment: G-CSF may sti
mulate simultanously regrowth of leukemic 
blast cells as shown in vitro and in vivo [17]. 
Ohno and Estey first compared in a rando
mised and in a retrospective study, respec
tively, leucocyte reconstitution and outcome 
of AML patients receiving G-CSF following 
dose-intensive chemotherapy [18,19]. Both 
demonstrated no negative impact on CR 
rates and disease-free survival but granulo
cyte recovery was significantly faster in the 
groups receiving G-CSF. A multicenter study 
with 521 AML patients confirmed these ear
ly results [20]. 

The most frequently used drugs during 
induction, consolidation and postremission 
treatment are cytarabine (Ara-C) and an
thracyclines. Dose-escalation of these two 
drugs with the combined application of G
CSF post chemotherapy seems to be limited 
due to their dose-limiting non-hematologic 
toxicity. Many dose-escalation studies using 
drugs with dose-limiting hematologic toxic
ity followed by the application of G-CSF 
have shown a very limited range for dose-in
tensification, frequently not large enough to 
significantly improve outcome [21]. 

Nevertheless, in recent years several ran
domised multicenter studies impressively 
demonstrated the importance of Ara-C and 
anthracylines for dose-escalation within 
standard chemotherapy during induction, 
consolidation and postremission chemo
therapy, respectively, with respect to di
sease-free survival (Table 2) [4,13,14,22]. 

Table 1. Dose intensity and outcome in multicenter randomised AML studies 

Study group 

CALGB 81,87,91 [1-3] 
ECOG92 [4] 
SECSG 84 [5] 
EORTC86 [6] 
AMLGC 85 [7], GIMEMA 92 [8] 
MRC 86 [9], SECSG 92 [10] 
AMLGC92 [11] 
ALSGM4 96 [12] 
CALGB 94 [13] 
SWOG96 [14] 

+ reduced intensity 

Induction Consolidation Maintenance Complete 
remission 

++ +++ 60% (53-68%) 

++ ++ + 65% (64-66%) 

++ ++ ++ 66% (59-71 %) 

+++ ++ ++ 62% 
+++ ++ ++ 71% 
++ +++ ++ 64% 
+++ ++ +++ 55% 

++ intensity as in standard treatment 

5 years
DFS 

15% (12-22%) 

14% (10-17%) 

22% (18-25%) 

30% 
41% 
37% 
34% 
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Table 2.Dose intensity during postremission treamtnet in AML (CR1): randomised studies 

Disease-free survival at 4 years 

Dose intensity 

Low dose maintenance 
AraC 100mg/m2 

200mg/m2 
400mg/m2 

2g/m2 
2g1m2 
3g/m2 

Autologous BMT 
Allogeneic BMT 

P-values 

o induction HD-AraC 

ECOG92 [4] 
n= 143 
<60y 

14% 

28% 

0.047 

SWOG96 [14] 
n=242 

< SOy 50-64y 

24% 4% 

14% 17% 
34% 0 25% 0 

0.13 

CALGB94 [13] 
n=467 
<60y 

24% 

29% 

44% 

0.02 

GIMEMA 92 [22] 
n=422 
10-45 y 

30%* 

48%* 
55% 

0.05* 

Table 3. Hematopoietic reconstitution following postremission chemotherapy in AML 

n 

Intensive chemotherapy 
Biichneretal.(AMLCG) [52] 65 

Autologous BMT 
McMillan et al. [24] 

Stein et al. [25] 
Linker et aI. [26] 
Cassileth et al. [27] 
Lowenberg et al. [28] 

Autologous PBSCT 
Sanz et al. [29] 
Levyet al. [30] 
Reichle et al. [31] 
Schiller et al. [34] 
Linker et al. [35] 

76 

44 
32 
35 
32 

24 
15 
16 
44 
43 

Purging 

+ 

Patients <60 years with de novo AML attai
ning complete remission (CR) have now a 
disease-free survival (DSF) at 5 years of 30-
41% [11-14]. 

In clinical trials especially the most fre
quently used drugs for AML, Ara -C and an
thracyclines, have shown a close dose-re
sponse-relationship concerning CR-rates 
and DFS. However, the repetitive application 
of regimens including Ara-C and anthracy
clines, as it is scheduled in most AML trials, 
results in a progressive decrease of the he
matopoietic stem cell pool [23] and increa-
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ANC 
> 0.5 x 109/1 

(range) 

42 

BMT 1:22 (11-73) 
BMT 2:27 (12-48) 

28 (11-68 
32 
31 (17-78) 
39 

11 (8-817) 
14 (10-27) 
10 (8-12) 
14 (11-36) 
9 

Platelets 
> 50 x 109/1 

(range) 

56 

34 (13-300) 
38 (21-98) 
87 (19-322) 
79 
47 (22-638+)* 
63* 

19 (12-213 
11 (5-210) 
36 (13-64) 
15 (8-72) 
10 platelet independ. 

ses the risk of prolonged pancytopenia fol
lowing postremission treatment (Table 3). 

Myeloablative Therapy of AML 

For many years myeloablative chemothera
py has been successfully used in postremis
sion treatment including drugs with dose
limiting myelotoxic side effects, such as 
busulfan, cyclophosphamide, etoposide 
plus/minus total body irradiation. Despite 
an irreversible bone marrow damage auto-



logous hematopoietic stem cells may recon
stitute hematopoiesis in a significantly 
shorter time interval than reconstitution is 
possible, even with G-CSF, after submyeloa
blative chemotherapy including high-dose 
Ara-C and mitoxantrone during post remis
sion therapy (Table 3). A prerequisite of the 
autologous trans-plantation seems to be the 
eradication of leukemia by the preceding 
antileukemic therapy and a sufficient stem 
cell yield from bone marrow or peripheral 
blood. Therefore, results concerning autolo
gous bone marrow transplantation (ABMT) 
have to be interpreted on the background of 
both the selection of antileukemic regimens 
reducing leukemic burden prior to autolo
gous ABMT or peripheral blood stem cell 
transplantation (aPBSCT) and the condi
tioning regimen. 

The most powerful effects of myeloabla
tive chemotherapy combined with ABMT 
may be demonstrated in second CR: DFS is 
significantly superior to conventional dose
intensive chemotherapy when ABMT is per
formed in second remission [33]. ABMT in 
first CR may be superior to conventional 
treatment as shown in pilot studies as well as 
in large randomised trials [22,34,35].lt is re
markable that trials using HD-Ara-C during 
induction or postremission chemotherapy 
produce similar results concerning DFS as 
ABMT [11-14]. In five pilot studies using 
aPBSCT as postremission treatment an esti
mated 2-year DFS rate of 35-65% was repor
ted [29,31,34,35]. Further follow-up is re
quired to confirm improved leukemia-free 
survival. The European Bone Marrow Regis
try reported an estimated 3-year DFS rate of 
39% for AML patients auto grafted in first re
mission with aPBSC [36]. There is the need 
for randomised trials comparing standard 
chemotherapy with aPBSCT and the need to 
study minimal residual disease because of 
the great variability of disease-free survival 
following aPBSCT in the single pilot studies. 

Peripheral blood stem cell transplanta
tion is available since the introduction ofhu
man recombinant G-CSF in 1986. Rando
mised studies using different autologous 
stem cell sources, collected from peripheral 
blood vs bone marrow as well as case
matched historical comparison of autolo
gous transplantation in AML, demonstrate 

significant advantages for aPBSCT following 
dose-intensive or myeloablative postremis
sion chemotherapy: aPBSC contribute to a 
significantly shortened duration of neutro
penia and thrombocytopenia (Table 3) and 
maintain long term hematopoiesis. 

APBSC can be frequently collected in 
about 80% of AML patients in CR 1 and CR 2 
(n=30) as shown by our own data. However, 
stem cell kinetics in peripheral blood signif
icantly differ from that of lymphomas and 
solid tumors. Thus stem cell collection has 
to be adapted to these typical circumstances 
inAML [23,31]. 

The early leucocyte recovery following 
aPBSCT about 10 days post transplantation, 
offers several advantages: 
1 reduced morbidity and mortality, 
2 keeping the time schedule of therapy 

thereby decreasing the risk of relapse and 
3 overall improved applicability of high

dose chemotherapy also in elderly pa
tients. 

Additionally, stem cell processing offers 
multifold therapeutic options. 

The leukemia-free survival of aPBSC
supported myeloablative post-remission 
chemotherapy compares to ABMT [36]. 
Therefore, independently of the autologous 
transplantation procedure the central ques
tion still is: what does make the qualitative 
difference in the probability of relapse 
between autologous and allogeneic trans
plantation in AML and how can chemothe
rapy be improved to compare to the results 
of allogeneic transplantation [37, 38]? 

One possibility to explain the higher re
lapse rate in the autologous setting (Table 4), 
frequently discussed, could be the retransfu
sion of clonogenic leukemic cells. This was 
supported by the gene marking studies of 
Brenner et al which substantiate that re
transfused leukemic cells may contribute to 
leukemia relapse, presumably additionally 
to a relapse in the host due to insufficient 
leukemia control by chemotherapy [39,40]. 
Many pilot studies dealing with purging 
procedures assume purging to be superior 
to non-purging in the autologous setting 
[38,40]. To date a definite answer cannot be 
given because of the multifold variables in
fluencing outcome in these studies, such as 
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Table4. Autologous BMT in AML (CRl): therapy-associated risk factors 

Transplantation-associated 
Reference n Purging Relapse rate (%) deaths (%) 

Cahn et al. (EBMT) [32] 786 ± 
Zittoun et a.l (GIMEMA) [22] 128 
Stein et al. [25] 44 
McMillan et al. [24] 76 
Cassileth et al. [27] 35 + 
Lowenberg et a.l [28] 32 
Linker et al. [26] 32 

15 

purging technique, standardisation of these 
techniques, purging efficacy by the detec
tion of minimal residual disease (MRD) and 
the significance of MRD as well as pretrans
plant dose-intensity of induction and con
solidation regimens. 

To assess the potential significance of 
purging procedures historical data about 
treatment outcome in AML are helpful: 
1. Myeloablative chemotherapy in CR 2 

supported with autologous bone marrow 
collected in CR 1 shows long-term results 
significantly superior to conventional 
chemotherapy. Therefore, the risk of re
infusion of residual leukemic cells seems 
to be of minor relevance to autologous 
transplantation than control of the di
sease in the host. 

2. Results of allogeneic BMT in syngeneic 
twins during CRI compares with ABMT 
or aPBSCT indicating that the difference 
in the probability of relapse between au
tologous and allogeneic transplantation 
is mainly due to the graft versus leuke-

Table S. Prognostic factors in AML 

Standard 

50 10.5 
40.6 9.4 
39 11 
47 6 
35 6 
60 9 
22 5 
o (M3,Me Eo) 0 

mia (GvL) effect [42]. The importance of 
the GvL effect is underlined by the fact 
that retransfusion of buffy coat of the 
donor may induce complete remission 
during relapse following allogeneic 
transplantation [43]. 

3. DFS of patients treated with myeloabla
tive postremission chemotherapy and 
ABMT is superior or at least equivalent 
when compared to highly dose-inten
sive standard treatment schedules. 
Therefore, a potential reinfusion of leu
kemic cells does not contribute further 
to risk of relapse. If myeloablative 
chemotherapy combined with aPBSCT 
would only compare to dose-intensive 
standard treatment, the advantage of 
aPBSCT would be the generally im
proved tolerance of PBSC-supported 
high-dose chemotherapy which may be 
additionally extended to elderly patients 
[34]. (4) ABMT or aPBSCT in AML does 
not change pretreatment prognostic fac
tors (Table 5) [25,32,38,44-46,51]. 

Autologous Allogeneic 
chemotherapy transplantation transplantation 

No. of courses of 
induction chemotherapy 
to achieve CR +0 

LDH +0 
WBC +0 
Cytogenetic abnormalities +0 
Age +0 

Concerning disease-free survival 
Concerning LFS, treatment related mortality 
(0) trend, n.S. = not significant, n.a. = not available 
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Table 6. Autologous transplantation in AML (CR1): relapse behaviour 

Reference 
study group Patients Purging 

Cahn et al. (EBMT) [32] 786 ± 
ZiUoun et al. (GIMEMA) [22] 128 
McMillan et al. [24] 76 
Laporte et al. [41] 64 + 
Stein et al. [25] 44 
Yaeger et al. [46] 48 + 
Carella et al. [47] 55 
Burnett et al. [48] 54 
Beelen et aI. [ 49] 20 
Lowenberg et al. [28] 32 
Korbling et al. [50] 22 + 
Sanz et al. [29] 24 
Levyetal.[30] 15 
Reichle et al. [31] 16 

Especially the number of cycles to achieve 
CR is shown to be the most powerful prog
nostic factor for disease-free interval con
cerning standard chemotherapy, autologous 
and allogeneic transplantation, respectively. 
This is supported by the patients' characte
ristics relapsing in the Regensburg pilot 
study [31]. Thus, cytogenetically characte
rized subgroups in AML have still to be ana
lyzed, e.g., by detection ·of MRD in bone 
marrow and apheresis product to result in 
the definition of distinct subgroups which 
would benefit from purging procedures. 
These procedures could be specifically de
veloped for cytogenetically and immuno
logically defined subgroups and therefore, 
would be much better to standardize. 

Presumably there might be an-important 
biological difference between myeloablative 
and conventional postremission treatment. 
It is a consistent finding that relapses-take 
place with a relatively constant ratio over 
several years following standard postremis
sion treatment of de novo AML (Buchner et 
al., unpublished data). About 40 to 50% of 
these relapses are found during the first year. 
Following autologous transplantation most 
relapses are seen during the first year 
(> 80%) and the probability of relapse de
creases after the second year to about 1 % 
(Table 6). 

Thus, myeloablative chemotherapy may 
results in a different relapse behaviour as 
compared to standard chemotherapy prob
ably indicating better disease control in stan-

Median time % Patients Latest reported 
to relapse relapsing within relapse 

first year (months) (months) 

75 70 
8 30 
8 82 26 

100 11 
9.3 88 24.8 
6 18 

80 26 
7 27 
8 11 

80 16 
3.5 9 

7 
7 

100 
100 11 
80 14 

dard risk groups according to Keating et al 
[51]. This observation is supported by the 
analysis of risk factors in relapsing patients 
after myeloablative chemotherapy supported 
with aPBSC in our own series of patients [31]. 

Conclusion and Perspectives 

Autologous PBSCT may further improve to
lerance of high-dose postremission chemo
therapy in de novo AML. Especially the often 
undertreated groups of elderly patients 
could benefit from stem cell-supported 
chemotherapy. 

On the other hand, the idea of further 
dose-escalation derived from the results of 
recent multicenter studies, may be realized 
by aPBSC support. Mc Millan already per
formed double-transplantation with bone 
marrow derived stem cells in CR 1 and 
achieved in these selected patients a 5 year 
DFS of 64% [34]. A similar study design 
using aPBSC in one arm will be randomly 
compared with dose-intensive standard 
chemotherapy in the German AML Cooper
ative Group (AMLCG, see Fig. O. Accompa
nying studies on MRD will offer new in
sights into the biological behaviour of cy
togenetically defined AML subgroups. 

An additional attempt to achieve clinical 
results similar to allogeneic transplantation 
could be the use of dendritic cells cultured 
from CD34-positive cells pulsed with in vi
tro leukemia -associated antigens which may 
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Postprogeni
tor Cells 
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Immuneffec
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megakaryocytic 
(TPO,IL-3) 

Fig. 1. AML Cooperative 
Group: current treatment 
strategy 

macrophagos dundritic colis 

Fig.2.Expansion (A) and dif
ferentiation of CD 34-posi
tive cells (B,C) with specific 
cytokine cocktails 

be retransfused to control MRD during the 
postremission phase (Fig. 2). 

Other procedures for stem cell processing 
are in progress such as in vitro stem cell ex
pansion either to purge or to improve low 
stem cell yield. Differentiation of stem cells 
into myeloid postprogenitor cells to shorten 
duration of aplasia are being used in ongo
ing clinical trials. 

Taken together all the treatment options 
beeing developed in context with aPBST, 
1. improvement of tolerance of dose-inten

sive chemotherapy in elderly patients, 
2. further dose-escalation and by sequen

tial myeloablative therapy 
3. new techniques for stem cell processing, 

postremission treatment in AML may be 
significantly improved in the future. 
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Abstract. The trials of the AMLCG for the 
treatment of relapsed and refractory AML 
are directed towards the development and 
assessment of more effective antileukemic 
drug combinations and attempts to reduce 
the mortality rate through the application of 
hematopoietic growth factors and strategies 
for infection prevention. In a first study the 
S-HAM regimen was used to compare the ef
ficacy of high dose (HD)(3 g/m2) versus 
intermediate dose (ID)(1g/m2) AraC and re
vealed a higher antileukemic activity of HD 
AraC in 186 randomized patients. This be
neficial effect was, however, compensated by 
a higher rate of early deaths mainly from un
controlled infections. In a subsequent study 
68 patients were therefore randomized to 
the prophylactic application of fluconazol in 
addition to standard antimicrobial prophy
laxis versus standard prophylaxis alone. In 
addition, all patients reveived G-CSF after 
the completion of S-HAM chemotherapy. 
While no differences in remission or early 
death rates were observed between patients 
with or without fluconazol prophylaxis the 
period of severe granulocytopenia was sig
nificantly shortened by G-CSF. This effect 
translated into a reduction of early deaths 
(21 vs. 30%) and an increase in remission 
rates (56 vs. 47%). In patients <60 years of 
age a significant prolongation of time to 
treatment failure (159 vs. 93 days, p=0.038) 
as well as of disease free survival was noted 

(209 vs. 97 days, p=0.003). These data indi
cate a beneficial effect of G-CSF during s
HAM therapy for relapsed and refractory 
AML both on early response and long term 
outcome. A current study has been initiated 
to further improve the S-HAM regimen 
through modulation of AraC metabolism by 
fludarabine. 

Introduction 

In an attempt to assess new therapeutic mo
dalities the German AML Cooperative 
Group (AMLCG) has performed a sequence 
of studies in patients with relapsed and re
fractory acute myeloid leukemia (AML) 
which were designed to develop more effec
tive antileukemic regimens and to also re
duce the toxicity and treatment related mor
tality. These studies included the evaluation 
of intermediate dose cytosinarabinoside 
(AraC) versus high-dose AraC, the introduc
tion of G-CSF to shorten the period of treat
ment associated neutropenia and the assess
ment of antifungal prophylaxis by oral flu
conazole. 

The basis for these studies were the stan
dardized first-line regimens according to 
the protocols of the AMLCG and the devel
opment of criteria for the definition of 
refractoriness to conventional treatment 
[1-4]. 

1 Dept. Hematology and Oncology Univ. G6ttingen, Germany 
2 Dept. Hematology and Oncology Univ. Munster, Germany 
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Prospective Randomized Comparison of 
Intermediate Dose AraCVersus High-Dose 
AraC 

Patients with refractory and relapsed AML 
were entered in AMLCG Study R-02/89 and 
received the sequential HD-AraC mitoxan
trone (S-HAM) combination comprizing 
AraC as three-hour-infusion twice daily on 
days 1 and 2 and mitoxantrone by I-hour-in
fusion on day 3 and 4. After a three-day treat
ment free inter vall the same sequence was 
repeated on days 8 and 9 and 10 and 11, re
spectively. Patients below the age of 60 were 
randomized between AraC doses of 3.0 g/m2 
versus 1.0 g/m2 while patients of older age 
received either 1.0 g/m2 or 0.5 g/m2 AraC 
[5,6]. From 212 patients that were random
ized into this study, 186 are currently evalu
able for response and toxicity. Table 1 depicts 
their entry criteria according to the disease 
stage and the respective response rates. 
Analysis ofHD-AraC versus ID-AraC in pa
tients under the age of 60 revealed compa
rable overall remission rates of 52 versus 
45% respectively. Reasons for treatment fail
ure, however, differed significantly in that 
patients with ID-AraC had significantly 
more treatment failures from persistant leu
kemia while a significantly higher early 
death rate was encountered in the HD-AraC 
group (Table 2). The higher early death rate 
was not due to differences in the recovery 
time from critical neutropenia « SOO/I.d) 
nor from striking differences in non-hemat
ologic toxicities. Except for severe CNS-to
xicity which occurred only in the HD-AraC 
arm in 10% of cases, no major differences 
between both treatment arms were ob
served. 

A more detailed analysis in relation to di
sease status revealed that patients with re
fractory AML experienced a significantly 
higher CR rate of 42% after 3.0 g AraC as 
compared to a CR rate of 33% in patients be
ing treated with 1.0 g/m2 AraC. In patients 
with good risk relapses, i.e. patients with re
lapses after preceding remissions of more 
than 6 months duration had a comparable 
response rate of 60% after 3.0 g/m2 AraC and 
54% after 1.0 g/m2 AraC. 

Hence, from this trial it could be conclu
ded that increasing the dose of AraC exerts a 

Table 1. AML-CG study R-02/89: Patient character-
istics and response 

n CR ED NR+PR 

PrimaryNR 19 4(21%) 5 (26%) 10 (53%) 

CR< 6mths 30 14 (47%) 6(20%) 10 (33%) 

CR>6< 52 29 (56%) 13 (26%) 10 (18%) 
18mths 

CR> 18 mths 25 15 (60%) 6(24%) 4 (16%) 

~ 2nd relapse 12 5(42%) 4(33%) (25%) 

Table 2. AML-CG study R-02/89: Patients < 60 years 
(n = 138) 

AraCdose 

3.0 
1.0 

CR 

38 (52%) 
29 (45%) 
67 (49%) 

ED 

23 (32%) 
11 (17%) 
34 (25%) 

NR+PR 

12 (16%) 
25 (39%) 
37 (26%) 

p = 0.047 P = 0.008 

higher antileukemic activity which does not 
translate into a higher response rate, how
ever, due to an increase in treatment related 
mortality. 

Prospective Randomized Evaluation of 
Antifungal Prophylaxis with Fluconazole 

Based on the experiences of the AMLCG 
Study R-02/89 is was the major aim of the 
AMLCG Study R-03/92 to assess approaches 
to reduce the treatment related mortality. 
Since most treatment associated deaths are 
due to uncontrollable infections a conside
rable proportion of which is due to fungal 
infections, this study comprized the pros
pective randomized evaluation of systemic 
antifungal prophylaxis with oral fluconazole 
versus standard antimicrobial prophylaxis 
alone. From 86 patients that entered this 
trial 68 cases are currently evaluable for re
sponse and toxicity. The antileukemic regi
men again comprized the S-HAM combina
tion with an age and disease oriented adjust
ment of AraC dose. Hence, patients below 
the age of 60 with refractory disease were 
treated with single doses of 3.0 g/m2 AraC 
while elderly patients and patients with re-
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lapsed AML obtained AraC at a dose of 1.0 
g/m2. Patient characteristics are depicted in 
Table 3 together with the overall response 
rates of the respective subcatagories. 

The primary endpoints of study R-03/92 
were the rate of infections and particularly 
documented fungal infections as well as the 
requirement to initiate a systemic antifungal 
treatment by amphotericin B. As depicted by 
Table 4 no major differences were encoun
tered in the frequency and type of infections 
between the control and patients receiving 
antifungal prophylaxis by fluconazole. In 
contrast, a significantly higher number of 
patients on the fluconanzole prophylaxis 
arm required systemic antifungal salvage 
treatment by amphotericin B. Since this pa
rameter comprized a major endpoint of this 
study randomization was closed at this 
point. 

As depicted by Table 5 no significant dif
ferences in antileukemic efficacy were ob
served between both treatment arms al
though a slightly higher CR rate of 61 versus 
50% was achieved in patients receiving flu
conazole prophylaxis. 

The results of this trial indicate that 
systemic antifungal prophylaxis by flucona
zole cannot be recommended in this sub
group of relapsed and refractory AML pa
tients. 

G-CSF for Shortening ofTreatment 
Associated Neutropenia 

The uniform antileukemic therapy in stud
ies AMLCG R-02/89 and R-03/92 provided 
the means to assess the impact of post-treat
ment application of G-CSF which aimed at 
shortening the period of treatment associa
ted neutropenia. This comparison was re
stricted to patients receiving comparable 
doses of AraC and thus comprized all pa
tients entered in study R-03/92 but only 91 
patients of study R-02/89. As depicted by ta
ble 6 both groups of patients were compa
rable in terms of disease stage and age distri
bution. As could be anticipated patients re
ceiving G-CSF after the end of S-HAM thera
py had a significantly shorter duration of 
critical neutropenia to a recovery to leuko
cyte counts> 1000/mm3• This effect transla-
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Table 3. AML-CG study R03/92: Patient characteris
tics and response 

n CR ED NR+PR 

PrimaryNR 5 
CR < 6 mths 17 
CR> 6 < 18 mths 31 
CR> 18 mths 14 
~ 2nd relapse 1 

1 (20%) 1 (20%) 3 (60%) 
5 (29%) 4 (24%) 8 (53%) 

22 (71 %) 7 (22%) 2 (7%) 
9 (64%) 4 (28%) 1 (8%) 
1 (100%) -

Table 4. AML-CG study R-03/92: Infectious compli
cations 

Fluconazole Control 

No. infections 3% 6% 
No. of febrile days 9 6 

FUO 61% 50% 
CD! 56% 50% 
MD! 50% 31% 

Table S. AML-CG study R-03/92: Anti-leukemic effi
cacy 

Fluconazole Control 

CR 61% 50% 
ED 22% 19% 
PR+NR 17% 31% 

DSF (mths) 7 5 
Survival (mths) 7 7 

Table 6. S-HAM with or without G-CSF support: Pa
tient characteristics 

Study R-02/89 Study R-03/92 

n 91 68 
Age 50 48 
PrimaryNR 16% 7% 
CR< 6mths 25% 25% 
CR>6< 18mths 36% 46% 
CR~ 18mths 15% 21% 
~ 2nd relapse 7% 1% 

Table 7. S-HAM with or without G-CSF support: 
Anti-leukemic efficacy 

Study R-02/89 Study R-03/92 

CR 47% 
ED 30% 
PR+NR 23% 

DSF (mths) 3.6 
Survival (mths) 5.3 

56% 
21% 
24% 

5.6 
7.3 



ted into an increase in the rate of complete 
remissions and a reduction in the frequency 
of early death (Table 7). Surprisingly a bene
ficial effect was also observed on the dis
ease- free and overall survival which was 
most pronounced in patients below the age 
of60years. 

Conclusions 

In conclusion the sequence of the most re
cent trials of the AMLCG indicates that S
HAM is a highly effective regimen for re
lapsed and refractory disease. The dose of 
AraC can be adjusted to the disease stage in 
that patients with refractory disease benefit 
from the high-dose AraC application of 3.0 
g/m2 whereas patients with non refractory, 
relapsed AML are adequately treated by sin
gle doses of l.0 g/m2. The post-treatment ap
plication of G-CSF reduced the period of 
critical neutropenia and translated into a 
higher rate of complete remissions, a lower 
frequency of early deaths and potentially 
also a longer disease free and overall survi
val. 
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Abstract. Between September 1991 and May 
1996,56 patients with refractory or relapsed 
acute myeloid leukemia (AML) were treated 
with one cycle of timed sequential chemo
therapy (TSC) consisting of intermediate
dose (ID) ara-C (1.0 g/m2 every 12 h) on days 
1,2,8, and 9, and idarubicin (IDA, 10 mg/m2) 

on days 3,4, 10, and 11. The study population 
included 22 patients with refractory AML, 33 
patients with late first relapse occurring af
ter a first complete remission of 2:: 6 months, 
and 1 patient for whom the clinical course 
before salvage therapy was unknown. Of the 
56 patients entered onto the study, 25 (45%) 
achieved a complete remission (CR), 8 (14%) 
a partial remission (PR), 11 patients (20%) 
were classified as treatment failure due to re
sistant disease, and 12 patients (21%) died 
within the first 42 days after the initiation of 
salvage therapy, mainly due to infections. 
Response to salvage therapy was strongly in
fluenced by disease status with 55% of pa
tients with late first relapse achieving a CR 
as compared with 32% of patients with re
fractory AML. Severe myelosuppression was 
observed in most patients resulting in fever 
or documented infections in 70-90% of 
them whereas nonhematologic toxicity was 
tolerable. Among the 25 patients who 

achieved a CR, 6 patients received no postre
mission therapy, 10 patients were treated 
with 1 or 2 cycles of IDA (8 mg/m2) and eto
poside (ISO mg/m2) on days 1 to 3 as consol
idation, 8 patients underwent an allogeneic 
or autologous bone marrow transplantation 
(BMT), and 1 patient was lost for follow-up. 
Overall, after a median follow-up of 44 
months, the median remission duration is 9 
months, and the median survival 9 months 
as well. We conclude that this chemotherapy 
regimen has significant antileukemic effica
cy, especially in AML patients who relapsed 
after a durable first CR (2:: 6 months). The 
short duration of remission in patients not 
eligible for BMT, however, emphasizes the 
need for optimizing early postinduction 
therapy. 

Introduction 

Although advances in chemotherapy and 
supportive care have improved the progno
sis of AML patients within the last 10-15 
years, long-term disease free survival is still 
achieved in only 20 to 30% of cases [1,2]. 
Most patients relapse with their disease and 
ultimately die of resistant disease. 

I Dept. of Hematology, Oncology, and Tumor Immunology, Robert-Rossle-Klinik (Virchow-Klinikum), 
Berlin, Germany 
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5 Universitatsklinikum Charite, Berlin, Germany 
6 Klinikum Ernst von Bergmann, Potsdam, Germany 
7 Virchow-Klinikum, Berlin, Germany 
8 Klinikum Frankfurt/Oder, Germany 
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In order to improve the results of salvage 
therapy in AML, several approaches have 
been developed or are at present under in
vestigation. These include new chemothera
peutic agents (e.g., nucleoside analogs, to
poisomerase I inhibitors, platinum/alkylat
ing analogs), pharmacologically optimized 
treatment with established cytotoxic drugs 
(e.g., ara-C), leukemia sensitization by the 
use of hematopoietic growth factors or TSC, 
and attempts at reversing leukemic cell re
sistance by blockers of multidrug resistance 
[1-6]. 

Most regimen currently used for salvage 
therapy of AML include ara-C, the most ac
tive single drug available for the treatment 
of AML, frequently in combination with to
poisomerase II reactive agents, including 
anthracyclines, mitoxantrone, amsacrine, 
and etoposide (reviewed in [1,6,7]). In re
lapsed and refractory AML, higher than con
ventional doses of ara-C, i.e. ID or high dose 
(HD) ara-C, have been usually administered 
due to their enhanced efficacy [4,5]. 

Based on the following evidence, our pro
tocol for the treatment of patients with re
fractory or relapsed AML was designed: 
first, a prospective randomized trial of the 
GermanAML Cooperative Group (AMLCG) 
in patients with relapsed or refractory AML 
demonstrated that ID-ara-C currently rep
resents the optimal dose for the treatment of 
advanced AML, while the use of HD-ara-C, 
although associated with higher antileu
kemic efficacy, did not translate into a higher 
response rate due to an increased treatment
associated toxicity [8]; second, preclinical 
studies with IDA, its pharmacological char
acteristics, as well as several randomized 
clinical trials comparing IDA with daunoru
bicin were suggestive of greater antileuke
mic activity of this new anthracycline analog 
(reviewed in [9]); third, several studies have 
shown that the concept of TSC, which postu-
1ated a benefit for a second sequence of 
chemotherapy with cycle-active drugs at the 
time of presumed peak cell recruitment in
duced by the first sequence, might be clini
cally useful both as first-line and as salvage 
therapy in AML patients [3,8,10,11]. 

Based on these results, we began a pros
pective phase II clinical trial ofTSC with ID
ara-C and IDA in patients with refractory or 

relapsed AML in 1991. The objectives of this 
study were to compare the antileukemic effi
cacy and toxicity of this regimen with a his
torical control group who had been treated 
with ID-ara-C and mitoxantrone [8]. As a 
secondary objective, we assessed the fea
sibility and toxicity of a consolidation chem
otherapy consisting of 2 cycles IDA and 
etoposide for those patients who were not el
igible for bone marrow transplantation 
(BMT). 

We summarize here our results of this 
clinical trial. 

Material and Methods 

Patients 

From September 1991 to May 1996,56 pa
tients from 8 participating hematologic cen
ters in Berlin and Brandenburg were entered 
onto the study, after informed consent was 
obtained. Eligible patients included only 
those considered to have refractory or re
lapsed AML. The criteria for refractory AML 
were as follows [12]: nonresponse to first
line chemotherapy, including at least two 
conventional induction courses; early re
lapse within 6 months of first remission; sec
ond and subsequent relapses. 

Further pretreatment characteristics are 
shown in Table 1. Diagnosis and classifica
tion of AML were made according to the 
French-American-British (FAB) criteria 
[13]. 

Treatment Regimens 

Induction therapy consisted of ID-ara-C 
(1 g/m2 every 12 h as a 3-h-infusion) on days 
1,2,8, and 9, and IDA (10 mg/m2 as short in
fusion over 30 min) on days 3,4, 10, and 11. 
All patients received the full dose of ID-ara
C and IDA, except for 3 patients in whom the 
second part of the cycle (i.e., ID-ara-C on 
days 8, 9,and IDA on days 10, 11) was not ad
ministered because of infectious complica
tions. The use of hematopoietic growth fac
tors (HGF) after chemotherapy was optio
nal, and HGF were administered at the dis
cretion of the participating centers. All pa-
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Table 1. Patient characteristics 

No. of patients 

Age 

::; 60 years 
> 60 years 

Sex 
Female 
Male 

FAB subtypes 
M1 
M2 
M3 
M4 
M5 
M6 
M7 
Unclassified 

56 

18-76 years, 

median 49 years 
47 

9 

26 
30 

16 
19 

1 
11 
6 
o 
1 
2 

tients received glucocorticoid eye drops 
during ara-C administration for the prophy
laxis of photophobia and conjunctivitis as 
well as oral antimicrobial prophylaxis. 

Therapeutic options offered to patients 
with CR included allogeneic BMT for those 
with a major histocompatible complex 
identical sibling, autologous BMT for those 
lacking a suitable donor, or consolidation 
chemotherapy. The latter should be admin
istered within 3 to 6 weeks after CR, and 
consisted of 2 courses of IDA (8 mg/m2 as a 
short infusion over 30 min), and etoposide 
(150 mg/m2 as a short infusion over 1 h) on 
days 1 to 3. 

Evaluation ofTherapy and Toxicity 

Antileukemic response and early death (ED) 
was judged according to criteria proposed 
by a National Cancer Institute-sponsored 
workshop [14]. The interval between the ini
tiation of salvage chemotherapy and the 
posttreatment achievement of neutrophils 
>500/mm3 and platelets >20 000/mm3 was 
defined as time to recovery. Treatment toxic
itywas assessed byWHO criteria [15]. 

Statistical Analysis 

Survival was calculated from the beginning 
of salvage therapy to the date of last follow-
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up or death. Remission duration was meas
ured from the time of achievement of CR to 
the date of most recent follow-up or docu
mented relapse at any site or death in remis
sion. Survival and remission duration were 
plotted by the method of Kaplan and Meier 
[16]. 

Results 

Efficacy ofTherapy 

According to the definition of the disease 
status (see above), the study population in
cluded 22 patients with refractory AML 
(nonresponse to first -line chemotherapy n = 
2, early first relapse occurring after a first 
complete remission ofless than 6-month du
ration n = 14, second and subsequent relaps
es n = 6), and 33 patients with late first re
lapse occurring after a first CR of a 6-month 
duration or more. The exact clinical course 
of 1 patient before salvage therapy was un
known. 

Most patients (N =36) were recruited from 
the AMLCG trials, and had received a stan
dardized first-line treatment consisting of 
thioguanine, conventional dose ara-C, dau
norubicin (TAD) and HD-ara-C, mitoxan
trone (HAM) as induction, TAD and sequen
tial (S)-HAM as intensive consolidation, or 
TAD and monthly maintenance therapy 
over several years, as reported elsewhere 
[17]. Twenty patients received other induc
tion and postremission treatments, mainly 
within the framework of the East German 
Acute Leukemia Study Group. 

Response to salvage therapy in these 56 
patients according to the disease status is 
shown in Table 2. Overall, 25 patients (45%) 
achieved a CR and 8 (14%) a PRo Eleven pa
tients (20%) were classified as treatment 
failure due to resistant disease, and 12 pa
tients (21 %) died within the first 42 days af
ter the start of treatment (ED). As shown in 
Table 2, response to salvage therapy was 
strongly influenced by the disease status. Of 
the 22 patients with refractory AML, 7 (32%) 
achieved a CR, while 18 of 33 (55%) patients 
with late first relapse entered CR. This differ
ence was mainly due to the higher rate of re
sistant disease in patients with refractory 



Table 2. Treatment results of induction therapy according to the status of AML 

Treatment result 

CR PR NR ED 
n n (%) n (%) n (%) n (%) 

All patients 56 25 (45) 8 (14) 11 (20) 12 (21) 
History' 
- Nonresponse to first line chemotherapy 2 1 (50) 1 (50) 
- Early first relapse 14 4 (29) 3 (21) 3 (21) 4 (29) 
- Second and subsequent relapse 6 2 (33) 2 (33) 1 (17) 1 (17) 
- Relapse with remission duration> 6 < 18 months 24 13 (55) 2 (8) 4 (17) 5 (20) 
- Relapse with remission duration> 18 months 9 5 (56) 1 (11) 1 (11) 2 (22) 

aUnknownn= 1. 

1.0y..,--------------------, 

Fig. 1. Remission duration of 
25 patients achieving CR. Pa
tients treated with allogeneic 
or autologous BMT in CR 
were censored at the time of 
BMT 
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Fig. 2. Overall survival of all 
56 patients. Patients treated 
with allogeneic or autolo
gous BMT in CR were cen
sored at the time of BMT 
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AML than in those with late relapse (6/22, 
28% vs. 5/33,16%, respectively) whereas the 
ED rate was similar in both groups (5/22, 
22% vs. 7/33,21 %). 

Among the 25 patients achieving a CR, 10 
patients were treated with one (n = 3) or two 

Time from Salvage Therapy (days) 

cycles (n = 7) of IDA and etoposide. Eight 
patients underwent BMT (allogenic n=4,au
tologous n=4), 4 of them after one cycle of 
consolidation therapy. Other postinduction 
chemotherapy (e.g., ID-ara-C and IDA at re
duced dosages) was administered in 3 pa-

939 



Table 3. Nonhematologic toxicity 

Toxicity 0 

(WHO Grade) n (%) n 

Documented infections 17 (31) 4 
Fever 4 (7) 2 
Clinical bleeding 34 (60) 14 
Liver toxicity 35 (63) 11 
Nausea/ Vomiting 29 (52) 8 
Mucositis 35 (63) 5 
Diarrhea 40 (71) 
Obstipation 53 (94) 2 
Creatinine elevation 36 (65) 16 
Lung toxicity 40 (71) 1 
Fever 4 (7) 2 
Allergic reactions 53 (94) 1 
Cardiac toxicity 47 (83) 4 
CNS toxicity 51 (92) 2 
Conjunctivitis 54 (96) 

tients, whereas 6 did not receive further 
therapy, and one patient was lost for follow
up. Overall, the remissions after induction 
therapy lasted from 2 to 48+ months with a 
median remission duration of 9 months (10 
patients censored, 8 of them because of 
EMT). The survival ranged from 11 days to 
52 months with a median of 9 months. The 
overall survival and duration of CR are 
shown in Figs. 1 and 2. 

Toxicity 

The regimen was severely myelosuppressive 
with all patients developing neutropenia 
«500/mm3) and thrombocytopenia 
«20 000/mm3). In patients achieving a CR, 
median time to recovery of neutrophils and 
platelets was 35 days (range: 28-62 days). 
HGF were not routinely administered, and, 
in fact, only 4 patients received G-CSF after 
chemotherapy. The neutropenia was asso
ciated with fever in 93% and documented in
fections in 70% of patients. Seven patients 
died of uncontrollable infections. While be
ing thrombocytopenic, 40% of patients de
veloped bleeding complications, which were 
fatal in one patient. 

Serious nonhematologic toxicity (WHO 
grade 3 or 4) consisted mainly of nausea and 
vomiting (20% of patients), mucositis (15%), 
as well as lung (12%), liver (8%) and cardiac 
toxicity (8%). Serious central nervous 
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2 3 4 

(% ) n (% ) n (%) n (% ) 

(7) 12 (21) 17 (31) 6 (10) 
(4) 40 (71) 8 (15) 2 (4) 
(25) 7 (13) 1 (2) 
(19) 6 (10) 2 (4) 2 (4) 
(15) 8 (15) 10 (18) 1 (2) 
(8) 8 (15) 7 (13) 1 (2) 

12 (21) 4 (7) 
(4) (2) 
(29) 3 (6) 1 (2) 
(2) 8 (15) 2 (4) 5 (8) 
(4) 40 (71) 8 (15) 2 (4) 
(2) 1 (2) 1 (2) 
(7) 1 (2) 2 (4) 2 (4) 
(4) 1 (2) 1 (2) 1 (2) 

1 (2) 1 (2) 

system symptoms and conjunctivitis were 
observed in only one patient each. The non
hematologic toxicity is detailed in Table 3. 

The consolidation therapy with IDA and 
etoposide was generally well tolerated. Du
ring the first cycle, vomiting was the only se
vere (WHO grade 3) toxicity occurring in 
one patient. The second cycle was complicat
ed by cardiac toxicity, bleeding, and CNS 
toxicity in one patient each. 

Discussion 

The administration of TSC with ID-ara-C 
and IDA resulted in a CR rate of 45% in 56 
patients who had refractory or relapsed 
AML. 

Although the results of trials in refractory 
or relapsed AML are hardly comparable be
cause of the substantial heterogeneity of pa
tient populations as well as the limited infor
mation provided in most studies as to prior 
treatment and disease status, our results are 
in line with other recent studies combining 
ID-ara-C or HD-ara-C with different topoi
somerase II reactive agents, including IDA, 
mitoxantrone, etoposide, and amsacrine as 
one continuous course or as TSC [10, 11, 
18-22]. More important, our results are com
parable to those obtained with TSC consist
ing of ID-ara-C and mitoxantrone as salvage 
therapy in a patient population with the 
same inclusion criteria and similar pretreat-



ment characteristics {e.g., median age, dis
ease status}, suggesting that both regimens 
have equivalent antileukemic efficacy in ad
vancedAML ([8) Hiddemann et al., this Vol.}. 

Although the prognostic influence of a va
riety of clinical and laboratory parameters 
has been postulated in refractory and re
lapsed AML, most studies indicated that the 
response to first-line treatment, the duration 
of first CR, and the response to prior salvage 
regimens are the principal variables influ
encing the outcome of salvage therapy as 
well as survival [7, 12,23,24). Accordingly, 
we observed a clear correlation between CR 
rate and the disease status at the onset of sal
vage chemotherapy. Patients with late re
lapse achieved a CR in 55% of cases as com
pared with 32% in patients with refractory 
AML. Since the incidence of ED was similar 
in both groups, the different CR rates were 
mainly due to a higher percentage of resist
ant disease in patients with refractory AML 
versus those with late relapse {26 vs.15%,re
spectively} . 

As expected, the most severe side effect of 
TSC with ID-ara-C and IDA was profound 
myelosuppression, occurring in all patients. 
The duration of severe myelosuppression, as 
defined by the interval between the onset of 
salvage therapy and recovery of neutrophils 
and platelets, lasted from 28 to 62 days with a 
median duration of 35 days. Neutropenia 
was associated with a high frequency of in
fections {70% of patients} which were fatal 
{ED} in 7 patients. Comparable recovery 
times and frequencies of infectious compli
cations have been reported in previous stud
ies administering TSC with etoposide, mi
toxantrone, and ID-ara-C [10, 11), or HD
ara-C and mitoxantrone {[8] Hiddemann et 
al., this Vol.} as salvage therapy in advanced 
AML. In view of this severe hematologic tox
icity, the use of HGF after chemotherapy 
{e.g., G-CSF} might be recommendable for 
all patients {Hiddemann et al., this Vol.}. 
Other side effects, usually observed after 
HD-ara-C based protocols, such as diarrhea, 
hepatic toxicity, conjunctivitis, and neuro
toxicity occurred rarely, and, in general, the 
nonhematologic toxicity was tolerable in 
most patients. 

Unfortunately, corresponding with other 
recent studies, the remission duration and 

overall survival of our patients was relatively 
short, and could not be substantially pro
longed by the administration of consolida
tion therapy with IDA and etoposide. Inter
estingly, the only patient who achieved a 
long-lasting second CR after conventional 
consolidation chemotherapy was treated 
based on an individual policy with repetitive 
cycles of ID-ara-C and IDA at reduced dos
ages. At present, intensive consolidation by 
allogeneic BMT, autologous BMT, or periph
eral blood stem-cell transplantation, per
formed early during remission, represents 
the only available therapeutic modality as
sociated with a long-term disease-free sur
vival in these poor-risk AML patients. In 
support of this view, 3 of 8 patients who 
underwent BMT in our study, are still in sec
ondCR. 

In conclusion, the results of this study in
dicate that TSC with ID-ara-C and IDA is an 
effective regimen with tolerable toxicity for 
salvage therapy of AML. 

Based on previous studies of the AMLCG 
in relapsed or refractory AML patients {[8, 
18] Hiddemann et al., this Vol.} as well as 
data obtained in this study, the German 
AMLCG has initiated a prospective random
ized multicenter trial in order to test wheth
er the addition of fludarabine to ID- or HD
ara-C and IDA will improve the remission 
rate and disease-free survival. It has been re
cently shown that infusion of fludarabine af
ter ara-C can increase ara-CTP accumula
tion by biochemical modulation in circulat
ing leukemia blasts from patients with AML 
in relapse [25], and, thus, may lead to an en
hanced antileukemic efficacy. 
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Abstract. High-dose AraC is the most effec
tive single agent for the treatment of high
risk AML. However, its optimal dose has not 
been determined yet. Therefore, a prospec
tive randomized study was performed com
paring two dose levels of AraC in patients re
ceiving the sequential high-dose AraC and 
mitoxantrone regimen (S-HAM) for refrac
tory and relapsed AML. AraC was given as a 
3-h infusion q 12 h on days 1,2,8, and 9. Pa
tients younger and older than 60 years were 
randomized to AraC dose levels of 3 vs. 
1 g/m2 and 1 vs. 0.5 g/m2 per single dose, re
spectively. Randomization was stratified for 
primary refractoriness against induction 
therapy and length of first remission in re
lapsed patients. Mitoxantrone 10 mg/m2 was 
given to all patients on days 3,4, 10, and 11. 
Overall, from 186 evaluable patients 88 
(47%) and 10 (5%) achieved a CR and PR, re
spectively, 39 (21%) had persisting leuke
mia, and 49 (26%) suffered from ED. For pa
tients younger than 60 years the higher dose 
level resulted in a significant reduction of 
cases with persisting leukemia (12 vs. 31 %, 
p=0.008) and a higher rate of ED (32 vs.17%, 
p=0.047). These differences were not based 
on a prolongation of critical neutropenia (41 
vs. 39 days). Within the subgroup of patients 

with refractory AML a trend towards a higher 
CR rate occurred in the group receiving 
3 g/m2 AraC (46 vs. 26%, p=0.12). For pa
tients older than 60 years the analyses of 
treatment failures demonstrated a higher 
rate of persisting leukemia in the lower dose 
group (26 vs. 16%) with ED also occuring 
more frequently in the higher dose group 
(36 vs. 26%). Overall, there were no signifi
cant differences in total survival. These data 
indicate a dose-response relation of the anti
leukemic activity of AraC which does not 
fully translate into an increase in remission 
rates due to a higher incidence of early 
deaths after high doses of AraC predomi
nantly from uncontrollable infections. In or
der to take full advantage of the higher anti
leukemic activity of high-dose AraC an opti
mization of supportive care is warranted. 

Introduction 

Management of acute myeloid leukemia 
(AML) essentially is based on the applica
tion of cytosine arabinoside (AraC) which is 
the most active single drug in the treatment 
of this disease [1). Based on insights into the 
AraC pharmacology revealing a correlation 
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between the extent of the accumulation of 
phosphorylated AraC (AraCTP) in leukemic 
blasts with the response to AraC therapy 
[2, 3] new strategies have been developed 
evaluating the application of higher doses of 
AraC. High-dose AraC alone or in combina
tion with other drugs was shown to be effec
tive in patients with AML resistant to stan
dard dose AraC [4-6] and currently is inte
grated into first line therapy of AML [7-11]. 
However, taking into account the increase of 
severe toxicity encountered during high
dose regimens debate continues about the 
most useful dose of AraC. Most early studies 
analysed high-dose AraC at a level of three 
grams given twice daily for 3 to 5 days. Con
versely, pharmacokinetically based support 
for the application of lower doses came from 
the observation that the intracellular en
zyme deoxycytidine kinase which katalyses 
the formation of AraCTP is already satura
ted when AraC is administered at one gram 
as a 2-h infusion [12,13]. However, interfe
rence of other mechanisms such as a de
creased transmembrane transport into the 
cell and an increased intracellular deamina
tion of AraCTP [14,15] may counteract the 
AraCTP formation and its impact on cyto
toxicity but could be overcome by higher 
doses of AraC. Therefore, the current study 
was designed to evaluate the antileukemic 
efficacy of the previously established se
quential high-dose cytosine arabinoside 
and mitoxantrone (S-HAM) regimen [16] at 
two different dose levels in patients with re
lapsed or refractory AML. 

Patients and Methods 

Patients 

Consecutive patients with relapsed and re
fractory acute myeloid leukemias who were 
admitted at the participating centers were 
eligible for the study. The diagnosis of AML 
was based on the revised French-American
British (FAB) Group criteria [17]. Refrac
toriness against standard chemotherapy 
was defined according to previously estab
lished criteria [18]: these included 
a) primary resistance against two cycles of 

induction therapy; 
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b) first early relapse with a remission du
ration ofless than 6 months; 

c) second and subsequent relapse. Pa
tients with first relapses after six 
months remission duration were not 
considered refractory to standard ther
apy and were included as relapsed 
AML. 

All patients were recruited from the first line 
trials of the German AML Cooperative 
Group and had thus received a standardized 
first line treatment. In patients less than 60 
years of age first line therapy consisted in 
double induction therapy with either the re
petitive application of the 9 day regimen of 
thioguanine, cytosine arabinoside, dauno
rubicin (TAD-9/TAD-9) or the sequential 
application of TAD-9 followed by high-dose 
cytosine arabinoside and mitoxantrone 
(HAM). Older patients all received one 
course of TAD-9 and were treated by a se
cond TAD-9 course only upon inadequate 
response to the first TAD-9 cycle. Patients of 
all ages who achieved a complete remission 
subsequently received TAD-9 for consolida
tion and monthly maintenance therapy for 3 
years [19,20]. 

Patients with antecedent hematologic dis
orders, secondary leukemias, and a prece
ding autologous or allogeneic bone marrow 
transplantation were excluded from the 
study. Further exclusion criteria comprized 
coronary heart disease; heart failure; cardi
omyopathy; severe arterial hypertension; 
abnormal liver function tests (aspartate 
aminotransferase (AST), alanine amino
transferase (ALT), or alkaline phosphatase 
(AP) more than three times the upper nor
mal limits; total bilirubin> 2.0 mg/dl); im
paired renal function (serum creatinine 
> 2.0 mg/dl); severe infections; or pregnan
cy. 

Antileukemic Therapy 

Patients meeting the entry criteria were en
rolled into the current study and were treat
ed by S-HAM [16] comprising high-dose or 
intermediate-dose cytosine arabinoside 
(AraC),respectively, every 12 h bya 3-h infu
sion on days 1,2,8, and 9 and mitoxantrone 



DODD DODD AraC 
1 or 3g/m2 q 12h 

1 2 3 4 5 6 7 8 9 10 11 

Mitoxantrone 
10mg/m2/d 

days 

Fig.1. Schedule of the sequential high-dose AraC and mitoxantrone protocol 

10 mg/m2/day as a 30-min infusion on days 
3,4,10, and 11, respectively (Fig. I). Patients 
younger than 60 years were randomly as
signed to receive AraC at a dose levels of ei
ther 3 g/m2 or 1 g/m2 per application while 
older patients were randomized to either 1 
g/m2 or 0.5 g/m2 AraC per single dose. To 
avoid imbalances in the patients' risk profile 
randomization was stratified for the follo
wing criteria: 
1. Primary resistance against two cycles of 

induction therapy. 
2. First early relapse with a remission dura

tion ofless than 6 months. 
3. First relapse with a remission duration of 

more than 6 months and less than 18 
months. 

4. First relapse with a remission duration of 
more than 18 months. 

5. Second and subsequent relapse. 

To prevent high-dose AraC induced photo
phobia and conjunctivitis all patients re
ceived glucocorticoid eye drops every 6 h 
starting before the first dose and continuing 
for 24 h after the last dose of high-dose AraC. 
Antimicrobial prophylaxis consisted of co
trimoxazol 960 mg po three times daily, co
listine sulphate two million units po four 
times daily, and amphotericin B suspension 
40 mg po six times daily. 

Study Parameters 

Response to therapy was assessed according 
to CALGB criteria [21]. Complete remission 
status was defined as a normal cellular mar
row with normal erythroid and myeloid ele
ments and with myeloblasts, promyelocytes, 
and other leukemic cells totaling less than 

5%, and with normal peripheral blood plate
let and white blood cell counts for at least 
four weeks. Patients having more than 5% 
myeloblasts but fewer than 25%, with other
wise normal bone marrow, were considered 
to be in partial remission, as were patients 
fulfilling criteria of complete remission ex
cept for full recovery of peripheral blood 
platelet and/or white blood cell counts. Pa
tients with persisting leukemic blasts in the 
bone marrow or blood or with leukemic re
growth within 4 weeks after initial response 
were considered as non-responders. Patients 
dying within 6 weeks after completion of 
antileukemic therapy without evidence of 
leukemic regrowth were classified as early 
deaths. 

The duration of critical cytopenia was 
evaluated by the time for leukocyte recovery 
to more than 1000/1l1 from the onset of S
HAM treatment. The time to complete re
mission was measured from the onset of 
treatment to the date of documented com
plete remission and disease free survival 
from the date of documented complete re
mission to relapse or death during remis
sion. Survival and time to treatment failure 
were measured by the time from the begin
ning of treatment to death and death with
out evidence of leukemia, documentation of 
persisting leukemia, or relapse, respectively. 

Toxicity was evaluated according to the 
World Health Organization (WHO) grading 
system [22]. 

Statistics 

The primary end point of the present study 
was the impact of high-dose AraC on the 
complete remission rate and the disease free 
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survival as compared to a randomly as
signed control group receiving intermedi
ate-dose AraC. The secondary end point was 
the incidence of hematologic and non-he
matologic side effects. Numerical values 
were compared by the l-test, by the 
Fisher's-exacttest, and by the student's t -test. 
Remission duration and survival was calcu
lated according to Kaplan Meier estimates. 
Comparisons were carried out using the log
rank test. 

Study Conduct 

Prior to therapy all patients gave their in
formed consent for participation in the cur
rent evaluation after having been advised 
about the purpose and investigational na
ture of the study as well as of potential risks. 
The study design adheres to the declaration 
of Helsinki and was approved by the ethics 
committees of the participating institutions 
prior to its initiation. 

Results 

Patient Characteristics 

Two hundred and twelve patients have been 
entered into the study from 28 centers in 
Germany and Austria, 186 of whom were ful
ly evaluable. Causes for exclusion from ana
lysis were death before start of therapy (1); 
secondary leukemia (3); treatment not in ac
cordance with the result of the randomiza
tion (4); discontinuation of therapy on day 
five (9); and incomplete documentation (9). 
Seventy-three and 65 patients younger than 
60 years were randomized to 3 g/m2 and 
1 g/m2 AraC, respectively, while 25 and 23 
older patients were randomized to 1 g/m2 
and 0.5 g/m2 AraC, respectively. The 
patients' ages ranged from 17 to 75 years 
(median 50 years) and did not differ 
between the respective groups. All patients 
had received prior chemotherapy for their 
disease as indicated above. Twenty-one pa
tients younger than 60 years had been treat
ed with the HAM regimen as part of the in
duction therapy in each group. Overall, 27 
(15%) patients had refractory disease and 43 
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(23%) had relapsed after a first complete re
mission of less than six months duration. In 
71 (38%) and 30 (16%) cases the relapses oc
cured after a complete remission of more 
than 6 but less than 18 months and of more 
than 18 months duration, respectively, while 
15 (8%) patients suffered from second or 
subsequent relapses. The comparison of the 
profile of disease status revealed a similarity 
for all four study groups. AML subtypes 
were predominantly Ml, M2, M4, and M5.All 
186 patients received one course of S-HAM 
therapy. 

Antileukemic Activity 

Overall, 88 (47%) and 10 (5%) of the 186 
evaluable patients achieved a complete and 
partial remission, respectively, while 39 
(21 %) patients were non-responders. Forty
nine (26%) patients suffered from early 
deaths (Table 1). 

Within the group of patients younger 
than 60 years the application of high-dose 
AraC proved to be superior to intermediate
dose AraC with more patients achieving a 
complete remission (52 vs. 45%) and statisti
cally significant less cases having persisting 
leukemia (12 vs. 31 %; p=0.008). Also, a 
strong trend toward a higher efficacy in ade
quate clearance of bone marrow blasts seven 
days after completion of chemotherapy was 
observed (96 vs. 84%; p=0.053). However, 
more early deaths occurred in the high-dose 
group (32 vs. 17%; p=0.047) which in most 
cases were due to severe infections (27 vs. 
11 %; p=O.01). Specifically, the subgroup 
analysis in patients with refractory disease 
or relapses after a first complete remission 
ofless than six months duration (Table 2) re
vealed more pronounced differences in the 
CRrates (46vs.26%;p=0.12) and a less obvi
ous excess of early deaths (42 vs. 17%; 
p=0.13) while still significantly less patients 
had persisting leukemia (19 vs. 61%; 
p=0.02). 

There were no significant differences 
between the two groups with regard to time 
to treatment failure (median 2.9 vs. 2.4 
months), disease free survival (median 5.3 
vs 3.3 months), or overall survival (median 
4.2 vs. 5.3 months; Figs. 2-4). 



Table 1.Antileukemic activity 

Patients 
< 60 years 

Patients Total 
2: 60 years 

AraCdose 3 g/m2n=73 1 g/m2n=65 1 g/m2n=25 0.5 g/m2n=23 n=186 

Complete remission 38 (52%) 29 (45%) 11 (44%) 10 (43%) 88 (47%) 
Partial remission 3(4%) 5(8%) 1 (4%) 1 (4%) 10 (5%) 
Persisting leukemia 9 (12%)a 

23 (32%)b 
20 (31 %)a 
11 (17%)b 

4 (16%) 6(26%) 39 (21 %) 
Early death 9(36%) 6(26%) 49 (26%) 

ap = 0.008. bp = 0.047. 

Table 2. Antileukemic activity in subgroups of patients younger than 60 years 

Disease status CR PR PL ED 
AraCdose 3 g/m2 1 g/m2 3 g/m2 1 g/m2 3g/m2 1 g/m2 3g/m2 1 glm2 

Refractory disease 3 1 2 3 4 3 2 
CR1 duration < 6 months 9 5 2 8 5 1 
CR1 duration 2: 6 < 18 months 16 13 2 3 4 9 4 
CR1 duration 2: 18 9 6 1 1 2 3 3 
2: 2nd relapse 1 4 1 2 3 1 
High-riska 13b lOb 2 2 5c 14C lId 4d 

(42%) (33%) (6%) (7%) (16%) (47%) (35%) (13%) 

aHigh-risk comprises cases with refractory disease and relapses after CR1 < 6 months. bp=0.12. cp=0.02. 
dp=O.13. 

p 

- 3 g/sqm2 AraC n = 73 

0,8 

0,6 

0,4 

0,2 

o 
o 200 400 

Fig. 2. Time to treatment failure 

In patients older than 60 years the complete 
remission rate was the same for both groups. 
As in the younger patient groups, the more 
intensive therapy resulted in fewer cases 
with persisting leukemia and more early 
deaths (Table 1). However, due to the lower 
number of evaluable patients these differ
ences were not statistically significant. 

- 1 g/sqm2 AraC n = 65 

600 

days 

Side Effects 

800 

p=O.32 

1000 1200 

The dose-intensity of AraC had no influence 
on the recovery time of leukocytes to more 
than 1000/fd, which amounted to a median 
of 41 vs. 39 days in patients younger than 60 
years and of 38 vs. 35 days in older patients 
(n.s.; Fig. 5). 
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fig.3.Disease-free survival 
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Fig.4. Survival 
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Table 3. Non-hematologic side effects in patients younger than 60 years 

AraCdose 3g/m2 1 g/m2 
n=73 n=65 

Toxicity 10 /lI' IIl"/lV' la/II a IIl" /N0 

Infection 14 (19%) 43 (59%) 9 (14%) 32 (49%) 
Nausea/vomiting 35 (48%) 19 (26%) 36 (55%) 11 (17%) 
Diarrhea 16 (22%) 15(21%) 19 (29%) 8 (12%) 
Stomatitisa 25 (34%) 9(12%) 12 (18%) 6(9%) 
Bleeding 26 (36%) 7 (10%) 20(31%) 8(12%) 
Consciousness 7 (10%) 7 (10%)b 3 (5%) b 

Bilirubin 29 (40%) 4(5%) 24 (37%) 3 (5%) 
AST/ALT 24 (33%) 3 (4%) 17 (26%) 5(8%) 
AP 19 (26%) 2 (3%) 20(31%) 1 (2%) 
Creatinine 14 (19%) 1 (1 %) 11 (17%) 1 (2%) 
Allergy 5 (7%) 2 (3%) 4 (6%) 
Skin 23 (32%) 1(1%) 19 (29%) 
Heart function 3(4%) 4(5%) 2 (3%) 2 (3%) 
Heart rhythm 14 (19%) 6 (9%) 

ap=0.02. bp=O.Ol. 

Table4.Non-hematologic side effects in older patients 

AraCdose 1 g/m2 0.5 g/m2 
n=25 n=23 

Toxicity IO/IP IIl"/lV' la/II a IIl"/lV' 

Infection 3 (12%) 13 (52%) 3 (13%) 14 (61 %) 
Nausea/vomiting 15 (60%) 3 (12%) 13 (57%) 6(26%) 
Diarrhea 9(36%) 4(16%) 7 (30%) 7(30%) 
Stomatitis 10 (40%) 1 (4%) 4 (17%) 1 (4%) 
Bleeding 7 (28%) 4 (16%) 5 (22%) 3(13%) 
Consciousness 2(8%) 2 (8%) 4 (17%) 3 (13%) 
Bilirubin 5 (20%) 2 (8%) 8 (35%) 2(9%) 
AST/ALT 8 (32%) 2 (8%) 6(26%) 3 (13%) 
AP 9 (36%) 6(26%) 
Creatinine 6(24%) 2(8%) 6(26%) 1 (4%) 
Allergy 2 (8%) 1 (4%) 1 (4%) 
Skin 4 (16%) 9(39%) 1 (4%) 
Heart function 2 (8%) 2 (8%) 4 (17%) 2 (9%) 
Heart rhythm 6 (24%) 5 (22%) 

Also, in patients achieving a complete remis
sion the time till CR did not differ signifi
cantly between the respective groups. CR 
was verified after 54 vs. 61 days in younger 
patients and after 48 vs. 46 days in older cas
es, respectively. 

The non-hematologic side effects that 
were encountered during S-HAM therapy 
are summarized in Tables 3 and 4. Overall, 
the most frequent side effects were infec
tions, nausea/vomiting, diarrhea, stomatitis, 
and bleeding. In patients younger than 60 
years stomatitis was significantly more often 
recorded in the high-dose group (47 vs. 28%; 

p=0.02) but there were no differences in se
vere stomatitis according to WHO grade 
III/IV (12 vs. 9%). Severe infections, nau
sea/vomiting, and diarrhea (WHO grade 
III/IV) occurred slightly more frequent in 
the high-dose group. Only patients having 
received 3 g/m2 AraC had severe disturbanc
es of consciousness (10 vs. 0%; p=O.OI). The 
incidences of bleeding as well as of the re
maining side effects were the same for boths 
groups (Table 3). In older patients there were 
no significant differences in the side effects 
with the profile being similar to that ob
served in younger patients (Table 4). 
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Discussion 

Addressing the still pending question of the 
optimal dose of AraC in patients with AML 
the current randomized study aimed at ana
lysing possible benefits for patients with re
fractory and relapsed AML receiving high
dose AraC at a dose level of 3 g/m2 rather 
than 1 g/m2. Evidence for 1 g/m2 of AraC be
ing sufficient for obtaining the maximum 
antileukemic efficacy was based on insights 
into the AraC pharmacology revealing a sa
turation of the intracellular AraCTP forma
tion at this dose level [12, l3]. Furthermore, 
there is a good correlation between the dose 
of AraC and the resulting toxicity [23,24] 
also favoring the administration of inter
mediate-dose AraC. However, intermediate
dose AraC has never been directly com
pared to high-dose AraC leaving open the 
question of a possible overall benefit of 
higher doses of AraC due to a better antileu
kemic efficacy outweighing the increased 
toxicity. Therefore, the German AML Coop
erative Group initiated the current study 
evaluating the antileukemic activity and the 
toxicity of high-dose versus intermediate 
dose AraC in patients with relapsed and re
fractory AML. 

There were no major differences between 
the respective study groups in patients 
younger than 60 years (3 vs. 1 g/m2) and in 
older patients (1 vs. 0.5 g/m2) with regard to 
age, AML-subgroups, disease status, and 
prior therapy with high-dose AraC (Table 1). 
Overall, complete and partial remissions 
were obtained in 47 and 5% of the patients 
while 21 % had persisting leukemia and 26% 
suffered from early deaths. These results 
confirm the high antileukemic efficacy of 
the S-HAM regimen as observed during a 
previous phase II study [16]. The analysis of 
the results obtained at the two different dose 
levels in patients younger than 60 years re
veals a higher antileukemic efficacy of high
dose AraC as compared to intermediate
dose AraC with more patients achieving a 
complete remission (52 vs.45%) and signifi
cantly less patients having persisting leuke
mia (12 vs. 31 %;p=0.008). However,as could 
have been anticipated more patients suc
cumbed to severe toxicity and died during 
neutropenia (32 vs. 17%) with infection re-
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lated deaths occuringin 27vs.11 % (p=O.Ol). 
Considering possible differences in the 

superiority of high-dose over intermediate
dose AraC with reqard to the patients' dis
ease status, 3 g/m AraC is confirmed to 
serve a significantly higher antileukemic po
tential in high-risk patients comprising 
those with refractory disease and relapses 
after a first complete remission ofless than 6 
months. Within this group of patients carry
ing a high risk of treatment failure [18] a 
higher rate of complete remissions was 
achieved (42 vs. 33%;p=0.12) and persisting 
leukemia occured significantly less frequent 
(16 vs. 47%; p=0.02) in patients receiving 
high-dose AraC. However, as observed for 
the whole study group, there were more ear
ly deaths (35 vs. l3%; p=O.l3). In contrast, 
intermediate-dose AraC seems to be less 
toxic and equal effective as compared to 
high-dose AraC in other patients. 

Major differences in the side effects were 
observed for stomatitis and severe (WHO 
IlIo /IVO) deterioration of consciousness 
which occurred significantly more frequent 
in the high -dose arm. Interestingly, the high
er rate of early deaths and infection related 
deaths in the high-dose group was not due to 
a longer duration of critical neutropenia (41 
vs. 39 days). Possibly, these differences are 
rather based on a higher incidence of epithe
lial damage in the gut as observed earlier 
[25]. 

While there are numerous studies com
paring high-dose to conventional dose AraC 
in the treatment of patients with AML, un
fortunately, no further trials have been per
formed yet analysing the antileukemic effi
cacy of high-dose AraC as compared to 
intermediate dose AraC. However, many sin
gle arm studies have been published report
ing on either dose of AraC solely - in most 
case in combination with anthracydines -
with the resulting response rates in patients 
with refractory and relapsed disease essen
tially reflecting the observations of the 
present study (Table 5). Complete remission 
rates ranged from 34 to 58% vs. 30 to 66% for 
high-dose versus intermediate-dose AraC 
and persisting leukemia was diagnosed in 13 
to 39% vs. 17 to 55% while early deaths oc
cured in 7% to 33 vs. 9% to 17% [5,26-41]. 
More importantly, the only trial of high-dose 



Table S. Trials of high -dose and intermediate-dose AraC in patients with refractory and relapsed AML 

Reference Regimen 
n CR 

Visani94 Jl..raC 2000; Flud; G-CSF 28 58 
Vogler 94 AraC 3000; VP16 44 42 

AraC3000 47 34 
Estey 93 AraC 2000/3000 19 47 
Martiat90 AraC 3000; Mitox 1 AMSA 52 50 
Walters 88 AraC 3000; Mitox 44 36 
Hiddemann 87 AraC 3000; Mitox 40 53 
Herzig 85 AraC 3000; Doxo 1 DNR 78 53 

Range AraC 2000-3000 34-58 

Amadori96 AraC 500; VPI6; Carbo 18 50 
Archimbaud 95 AraC 500; Mitox; VP16 133 60 
Archimbaud 93 AraC 500; Mitox; VPI6; GM-CSF 20 30 
Carella 93 AraC 600; Ida; VP16 97 43 
Estey 93 AraC 1000 40 30 
Spadea 93 AraC 1000; Mitox; VP16 74 55 
Dekker 90 AraC 500; AMSA 32 44 
Harousseau 90 AraC 1000; Mitox 30 57 
Paciucci 90 AraC 500; Mitox 44 31 
Amadori89 AraC 1000; Mitox 47 66 
Harousseau 89 AraC 1000; Ida 35 60 

Range AraC 500-1000 30-66 

AraC providing data on causes of treatment 
failure in high-risk patients with refractory 
disease or relapses after a first complete re
mission of less than 6 months duration [5] 
reported on only 17% cases having persist
ing leukemia which is substantially less than 
the 38 to 60% observed during intermedi
ate-dose AraC. Early deaths occurred in 35 
vs. 10 to 31 % in this group of patients. 

As for the present study, the hematologic 
toxicities encountered during the above 
mentioned trials did not depend on the dose 
level of AraC (neutropenia 25 to 28 vs. 19 to 
33 days). Mucositis and diarrhea were re
ported to occur slightly less frequent during 
intermediate-dose AraC while central ner
vous system toxicity was limited to patients 
receiving high -dose AraC. 

In summary, the results of the present 
study strongly suggest a higher antileukem
ic efficacy of high-dose AraC as compared to 
intermediate-dose AraC in patients with re
fractory AML or with AML relapsing after a 
first complete remission duration of less 
than 6 months. The pharmacologically 
based attempt to limit the application of 
AraC to intermediate-dose levels can not be 
supported and raises the question of mecha-

Total Refractory/CRt < 6 months 
PR PL ED CR PR PL ED 

39 
28 
34 

44 
37 27 
13 33 43 17 35 

13-39 7-33 28-44 

10 
29 11 44 46 10 
55 15 24 59 18 
45 11 29 59 12 

35 10 42 45 12 
9 38 9 25 60 10 

27 17 50 
9 49 11 
2 17 15 31 38 31 
12 17 12 

2-12 17-55 9-17 24-50 38-60 10-31 

nisms of resistance beyond the metabolism 
of AraC [1]. These may be limited to cases 
with advanced disease but possibly affect 
patients during first line therapy question
ing the reduction of the dose of AraC solely 
to diminish the rates of early deaths as re
ported earlier [11]. Instead, to take full ad
vantage of the potential of high-dose AraC 
the optimization of supportive care should 
be addressed in further trials aiming at a re
duction of infectious complications by he
matopoetic growth factors and developing 
antimicrobial strategies of effective porphy
laxis and early intensive intervention upon 
the occurrence of infections. 
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Abstract. Patients receiving intensive chem
otherapy for advanced acute myeloid leuke
mia carry a high risk of treatment failure 
due to infectious complications and early re
lapses. In this regard, granulocyte colony
stimulating factor (G-CSF) provides an op
tion for optimization of supportive therapy. 
In a prospective study, 68 evaluable patients 
with relapsed and refractory acute myeloid 
leukemia received G-CSF 5 flg/kg/day sub
cutaneously starting two days after the com
pletion of treatment with the S-HAM regi
men consisting of high-dose cytonsine ara
binoside twice daily on days 1,2,8, and 9 and 
mitoxantrone on days 3,4,10, and 11. Nine
ty-one evaluable patients receiving S-HAM 
for refractory and relapsed acute myeloid 
leukemia without G-CSF support during a 
preceeding study served as control. The ap
plication of the growth factor resulted in a 
trend towards a lower early death rate (21 vs. 
30%). More importantly, a marginally signif
icant increase of the CR rate was achieved 
(56 vs. 47%, p=O.ll). Partial remission oc
curred in 0% and 7% while persisting leuke
mias were documented in 24 and 16%, re
spectively. Probably, these differences are 
based at least in part on a significant reduc
tion of the duration of critical neutropenia 
of less than 500/fll (36 vs. 40 days, p=0.008). 

This difference remained significant for the 
analyses of all subgroups as defined by re
fractoriness to induction therapy and dura
tion of preceeding remissions. Only within 
patients older than 60 years the reduction of 
the duration of neutropenia was not signifi
cant. Further underlining the beneficial ef
fect of G-CSF application, patients younger 
than 60 years receiving the growth factor 
had a significant improvement of time to 
treament failure (159 vs. 93 days,p=0.038) as 
well as of duration of disease free survival 
(203 vs. 97 days,p=0.003). These results indi
cate an improvement of the antileukemic ef
ficacy of the S-HAM regimen by the admi
nistration of G-CSF. 

Introduction 

Patients receiving intensive chemotherapy 
for refractory and relapsed acute myeloid 
leukemia (AML) carry a high risk of treat
ment failure mainly due to severe infectious 
complications leading to early deaths rates 
of 15 to 30%. Furthermore, the duration of a 
second complete remission usually amounts 
to only a few months unless a bone marrow 
transplantation is performed [1-3]. Strate
gies to improve the outcome of patients with 
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AML include antimicrobial prophylaxis and 
early antimicrobial intervention to lower the 
early mortality [4-7] as well as the intensifi
cation of the dose of cytosine arabinoside 
(AraC) which provides an increased antileu
kemic activity [8-10]. Hematopoietic growth 
factors may be used to lower the chemothe
rapy related toxicity and to further improve 
the efficacy of antileukemic regimens. In pa
tients with solid tumors and lymphoid ma
lignancies they have been shown to reduce 
the duration and the severity of neutropenia 
as well as the incidence of infectious compli
cations associated with neutropenia [11]. As 
a result, the duration of the hospitalization 
for the treatment of these diseases could be 
reduced. However, the use of cytokines in 
patients receiving chemotherapy for AML 
remains controversial [12-16]. In these pa
tients, in addition to the analyses of the 
above mentioned criteria, the evaluation of 
the application of growth factors also has to 
take into account a possible stimulation of 
leukemic regrowth on the one hand but - on 
the other hand - offers the opportunity to 
pursue strategies to extend the antileukemic 
efficacy of chemotherapeutic regimens. La
boratory evidence for a potential of G-CSF 
to recruit quiescent leukemic cells into the 
cell cycle provides the basis for cytokine 
priming in order to enhance the susceptibil
ity of the cells to chemotherpy [12] and pre
liminary clinical data indicate the possibility 
of an improvement of the overall outcome of 
patients with AML by the use of G-CSF as 
supportive therapy [17-21]. To further de
fine the role of G-CSF in the treatment of pa
tients with high -risk AML, the German AML 
Cooperative Group evaluated the potential 
of its administration following intensive 
chemotherapy with the S-HAM regimen for 
refractory disease to reduce the treatment 
related toxicity and to improve the antileu
kemic efficacy. 

Materials and Methods 

Patients and AntileukemicTherapy 

Consecutive patients with relapsed and re
fractory acute myeloid leukemias who were 
admitted at the participating centers were 

eligible for the study. The diagnosis of AML 
was based on the revised French-American
British (FAB) Group criteria [22]. Refrac
toriness against standard chemotherapy 
was defined according to previously estab
lished criteria [23]: These included 
a) primary resistance against two cycles of 

induction therapy; 
b) first early relapse with a remission dura

tion ofless than 6 months; 
c) second and subsequent relapse. Patients 

with first relapses after six months re
mission duration were not considered 
refractory to standard therapy and were 
included as relapsed AML. 

All patients were recruited from the first line 
trials of the German AML Cooperative 
Group and had thus received a standardized 
first line treatment. In patients less than 60 
years of age first line therapy consisted in 
double induction therapy with either the re
petitive application of the 9 day regimen of 
thioguanine, cytosine arabinoside, dauno
rubicin (TAD-9/TAD-9) or the sequential 
application of TAD-9 followed by high-dose 
cytosine arabinoside and mitoxantrone 
(HAM). Older patients all received one 
course of TAD-9 and were treated by a sec
ond TAD-9 course only upon inadequate re
sponse to the first TAD-9 cycle. Patients of all 
ages who achieved a complete remission 
subsequently received TAD-9 for consolida
tion and monthly maintenance therapy for 3 
years [24,25]. 

Patients with antecedent hematologic dis
orders, secondary leukemias, and a prece
ding autologous or allogeneic bone marrow 
transplantation were excluded from the 
study. Further exclusion criteria comprized 
coronary heart disease; heart failure; cardio
myopathy; severe arterial hypertension; ab
normal liver function tests [aspartate ami
notransferase (AST), alanine aminotransfe
rase (ALT), or alkaline phosphatase (AP) 
more than three times the upper normal 
limits; total bilirubin> 2.0 mg/dl]; impaired 
renal function (serum creatinine > 2.0 
mg/dl); severe infections; or pregnancy. 

Patients meeting the entry criteria were 
enrolled into the current study and were 
treated by S-HAM [3] comprising high -dose 
cytosine arabinoside (AraC) 3 g/m2 or 1 
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p=0.008 
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-no G-CSF (n=91 ; median 40 days) 

-G-CSF (n=68; median 36 days) 

° ° 20 40 60 80 100 

Days from Start of S-HAM 
Fig. 1. Recovery of leukocytes to > 1 000/ Jll 

g/m2 every 12 h by a 3-h infusion on days 1,2, 
8, and 9 and mitoxantrone 10mg/m2/day as a 
30-min infusion on days 3,4,10, and 11, re
spectively (Fig. I). The dose of AraC was ad
justed to the disease status according to the 
results of a preceding trial comparing 3 g/m2 
vs. 1 g/m2 AraC in patients with refractory 
AML [9). Patients with refractory disease 
and younger than 60 years of age received 3 
g/m2 AraC while all other cases were treated 
with 1 g/m2 AraC. 

To prevent high-dose AraC induced pho
tophobia and conjunctivitis all patients re
ceived glucocorticoid eye drops every 6 h 
starting before the first dose and continuing 
for 24 h after the last dose of high-dose AraC. 
Antimicrobial prophylaxis consisted of co
trimoxazol 960 mg po three times daily, co
listine sulphate two million units po four 
times daily, and amphotericin B suspension 
40 mg po six times daily. 

Study Design 

All patients received G-CSF 5 /lg/kg/day sub
cutaneously starting on day 12 after the be
ginning of therapy. G-CSF was discontinued 
if a bone marrow examination on day 18, i.e., 
1 week after completion of S-HAM, revealed 
more than 5% residual leukemic blasts. In 
patients with adequate blast cell clearance at 
day 18 G-CSF was continued until the neu
trophil count reached a value of more than 
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1500/mm3 for 3 consecutive days. 
Ninety-one patients having received 

chemotherapy according to the S-HAM pro
tocol during a previous trial in which no G
CSF support was applied served as historical 
control. For these patients the dose level of 
AraC and the first line therapy as well as the 
exclusion criteria were identical to those 
outlined above. 

Study Parameters 

Response to therapy was assessed according 
to CALGB criteria [26). Complete remission 
status was defined as a normal cellular mar
row with normal erythroid and myeloid ele
ments and with myeloblasts, promyelocytes, 
and other leukemic cells totaling less than 
5%, and with normal peripheral blood plate
let and white blood cell counts for at least 
four weeks. Patients having more than 5% 
myeloblasts but fewer than 25%, with other
wise normal bone marrow, were considered 
to be in partial remission, as were patients 
fulfilling criteria of complete remission ex
cept for full recovery of peripheral blood 
platelet and/or white blood cell counts. Pa
tients with persisting leukemic blasts in the 
bone marrow or blood or with leukemic re
growth within four weeks after initial re
sponse were considered as non-responders. 
Patients dying within 6 weeks after comple
tion of antileukemic therapy without evi-



dence of leukemic regrowth were classified 
as early deaths. 

The duration of critical cytopenia was 
evaluated by the time for leukocyte recovery 
to more than 1000/111 from the onset of s
HAM treatment. The time to complete re
mission was measured from the onset of 
treatment to the date of documented com
plete remission and disease free survival 
from the date of documented complete re
mission to relapse or death during remis
sion. Survival and time to treatment failure 
were measured by the time from the begin
ning of treatment to death and death with
out evidence of leukemia, documentation of 
persisting leukemia, or relapse, respectively. 

Toxicity was evaluated according to the 
World Health Organization (WHO) grading 
system [27]. 

Statistics 

The aim of the current study was to assess 
the impact of the application of G-CSF on 
the early death rate during S-HAM therapy 
as compared to a historical control receiving 
S-HAM alone. Furthermore, comparisons of 
the rates of complete remission and of the 
disease free survival were planned to ana
lyse a possible improvement of the antileu
kemic efficacy of S-HAM. Numerical values 
were compared by the l-test, by the Fish
er's-exact-test, and by the student's t-test. 
Remission duration and survival was calcu
lated according to Kaplan Meier estimates. 
Comparisons were carried out using the log
rank test. 

Study Conduct 

Prior to therapy all patients gave their in
formed consent for participation in the cur
rent evaluation after having been advised 
about the purpose and investigational na
ture of the study as well as of potential risks. 
The study design adheres to the declaration 
of Helsinki and was approved by the ethics 
committees of the participating institutions 
prior to its initiation. 

Results 

Patient Characteristics 

Sixty-eight patients were fully evaluable and 
were compared to 91 historical controls. 
Both groups were similar with regard to sex, 
age, white blood count, FAB subgroup, and 
disease status (Table 1). 

Table 1. Patient characteristics 

Sex (male/female) 
Age (years,median/range) 
WBC (median/range) 

FAB subgroup 
MO 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
n.d. 

Disease status 
refractory 
CRI duration <6 months 
CRI duration 

:2:6<18 months 
CRI duration :2:18 months 
:2:2nd relapse 

Non-hematologic Side Effects 

No G-CSF G-CSF 
n=91 n=68 

49/43 37/31 
50117-75 47.5/17-73 
34001600- 3950/400 
212000 -82800 

21 (23%) 
24 (26%) 

5 (5%) 
19(21%) 
14 (15%) 

1 (1%) 
1 (1%) 
6 (7%) 

6 (9%) 
5 (7%) 

20 (29%) 
1 (1%) 
8 (12%) 
8 (12%) 
3 (4%) 
1 (1%) 

16 (24%) 

15 (16%) 5 (7%) 
23(25%) 17(25%) 
33 (36%) 31 (46%) 

14 (15%) 14 (21 %) 
6 (7%) 1 (1%) 

There were no differences between the two 
groups with regard to non-hematologic side 
effects (Table 2). 

Table 2. Non -hematologic side effects 

No G-CSF (n=91) G-CSF (n=68) 
Toxicity IOlIIo np/IVo Iomo IUD/IVo 

Nausea 44 (48%) 17 (19%) 15 (22%) 21 (31 %) 
Diarrhea 22 (24%) 14 (15%) 13 (19%) 11 (16%) 
Mucositis 27 (30%) 8 (9%) 23 (34%) 10 (15%) 
Bleeding 25 (27%) 15 (16%) 13 (19%) 2 (3%) 
CNS 4 (4%) 6 (7%) 1( 1%) 2 (3%) 
Bilirubin 31 (34%) 4 (4%) 14 (21 %) 4 (6%) 
AST/ALT 22 (24%) 6 (7%) 8(12%) 3 (4%) 
AP 28(31%) 1 (1%) 9 (13%) -

Creatinine 14 (15%) 4 (4%) 8 (12%) -
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Fig.2.Disease-free survival, patients younger than 60 years in complete remission 

Months 
Fig.3. Time to treatment failure, patients younger than 60 years 

Hematologic Toxicity 

The time of critical neutropenia was re
duced significantly by the application of the 
growth factor (36 vs. 40 days for all patients, 
p=0.008,Fig.1). The time to recovery of both 
neutrophiles to more than 1500/f.tl and 
thrombocytes to more than 100000/1-11, i.e. 
the time to complete remission, was similar 
for both groups (52 vs. 51 days) . 

Antileukemic Efficacy 

The application of G-CSF resulted in a re
duction of early deaths (21 vs. 30%) which 
was paralleled by an increase in the rate of 
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complete remissions (56 vs. 47%). However, 
these differences did not reach statistical 
significance (Table 3). 

A comparison of the remission qualities 
revealed a significant extension of the dis
ease free survival in patients with G-CSF 

Table 3. Antileukemic efficacy of S-HAM 

n No G-CSF (n=91) G-CSF (n=68) 

CRa 43 (47%) 
PR 6 (7%) 
PL 15 (16%) 
EDb 27 (30%) 

ap=O.ll. bp=O.13. 

38 (56%) 

16 (24%) 
14 (21 %) 



(median 5.6 vs. 3.6 months; p=0.046). This 
difference was more pronounced in patients 
younger than 60 years (median 6.S vs. 3.2 
months; p=0.003; Fig. 2) and was not ob
served in older patients. 

Also, the time to treatment failure was 
prolonged in the G-CSF group (median 4.6 
vs. 3.0 months; p=0.20) with the difference 
being statistically significant for younger 
patients (median 5.3 vs. 3.1 months; p=0.04; 
Fig. 3). The differences in the disease free 
survival and in the time to treatment failure 
were not based on differences in the time to 
complete remission which was similar in 
both groups (52 vs. 51 days for all patients, 
p=0,44; 52 vs. 52 days for patients younger 
than 60 years, p=0.54). In patients younger 
than 60 years the overall survival was slight
ly longer for those receiving G-CSF (median 
7.S vs. 5.3 months; p=0.27). 

Discussion 

The German AML Cooperative Group per
formed the current study with the aim to re
duce the treatment related toxicity and to 
improve the antileukemic efficacy in pa
tients receiving intensive S-HAM chemo
therapy for high-riskAML. In these patients, 
in which the duration of critical neutropenia 
amounts to more than five weeks, severe in
fectious complications are frequently en
countered and cause a high early death rate 
of more than 25%. Furthermore, within a 
substantial proportion of these patients 
treatment failure is due to the persistance of 
leukemia and early second relapses. 

Besides the now well described potential 
of G-CSF to significantly reduce the dura
tion of chemotherapy induced neutropenia 
the analyses of the current trial also revealed 
a benefit of the application of the growth 
factor with regard to the early mortality in 
that the early death rate could be reduced 
from 30 to 21 %. Due to the relatively small 
number of patients this difference did not 
reach statistical significance (p=O.13). This 
reduction in early mortality translated into 
an overall improvement of the antileukemic 
efficacy of S-HAM with a strong trend to
wards a higher CR rate in the group receiv
ing G-CSF (56 vs. 47%; p=O.ll). Further-

more, in younger patients a better remission 
quality was observed for those within the G
CSF group in which the median disease free 
survival could be doubled (6.S vs. 3.2 
months; p=0.003). 

Whereas the use of GM -CSF in patients 
with AML has been extensively studied, 
there is only a limited number of trials pub
lished so far analysing the effects of the ap
plication of G-CSF following chemotherapy 
in patients with AML. The detailed results of 
randomized studies in homogenous popula
tions of patients are available in one case 
only, in which elderly patients with newly di
agnosed AML received the growth factor af
ter completion of induction chemotherapy 
with daunorubicin and standard-dose AraC 
[2S]. A significant increase of the CR rate 
was observed in the G-CSF group (70 vs. 
47%; p=0.002) which was more pronounced 
in patients with residual bone marrow blasts 
after chemotherapy (67 vs. 35%; p=O.Ol). 
Stressing the question of an antlileukemic 
role of the growth factor in these patients, 
there was also a statistically significant de
crease in the number of patients having per
sisting leukemia (15 vs. 33%; p=0.007). How
ever, the application of G-CSF had no influ
ence on the remission quality in this study 
with both groups not differing in remission 
duration and event -free survival, respective
ly. Two further randomized trials reported 
yet were carried out by a Japanese group ap
plying a combination chemotherapy with 
mitoxantrone, etoposide, and standard -dose 
behenoyl cytosine arabinoside. In the first 
study a heterogenous group of patients with 
relapsed and refractory acute myeloid leu
kemia, acute lymphoblastic leukemia, blas
tic crisis of chronic myelogenous leukemia, 
and myelodysplasia were treated with G
CSF after completion of the chemotherapy 
[29]. As in the current study, for patients 
with AML a trend towards more complete 
remissions (57 vs. 39%;p=0.16) as well as an 
improved remission duration (p=O.OS) was 
observed in the G-CSF group. In the second 
trial the application of G-CSF was begun 2 
days before the start of chemotherapy in pa
tients with AML and MDS [30]. Only slightly 
more complete remissions were achieved in 
the G-CSF group (54 vs. 42%) while there 
were no differences in early death, event -free 
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survival, and disease-free survival. However, 
due to the small number of patients with 
AML (n=50) the results of this trial- as far 
as concerning the antileukemic efficacy of 
the treatment regimen and the overall out
come - are of limited significance. 

Three non-randomized trials have been 
published so far evaluating the use of G-CSF 
in patients with AML in comparison with 
historical controls. The first study com
prised 112 patients with newly diagnosed 
AML and MDS undergoing chemotherapy 
with fludarabine and intermediate-dose 
AraC [31]. The application of G-CSF was be
gun one day before the start of chemothera
py. Among the 69 patients with AML 65% 
achieved a complete remission as compared 
with 52% controls (p=0.09). The median 
survival was similar for both groups (9.0 vs. 
6.7 months; p=0.24). In the second trial, 28 
patients older than 60 years with de novo or 
secondary AML received idarubicine and 
standard-dose AraC induction therapy and 
consoldation with mitoxantrone, etoposide, 
and standard-dose AraC, each followed by 
G-CSF [32]. As compared with a historical 
control having received similar induction 
and consolidation therapies without growth 
factors a higher CR rate was achieved (58 vs. 
46%; p=0.04) and the early death rate could 
be reduced (8 vs. 32%; p=0.04). There were 
no differences in disease-free survival and 
overall survival. The third study analysed 
the effects of G-CSF in a cohort of patients 
with AML in first CR receiving an intensive 
triple consolidation therapy [33]. Of 123 pa
tients being treated with the third consolida
tion course comprizing mitoxantrone and 
diaziquone the first group of 62 patients was 
treated without growth factors and, due to 
the encountered substantial myelosuppres
sion, the second group received G-CSF sup
port following chemotherapy. The overall 
outcome was not influenced by the applica
tion of G-CSF with both groups not differing 
in remission duration (1.2 vs. 1.4 years; 
p=0.54) or survival (2.4 vs. 3.4 years; 
p=0.99). 

As in the current trial, none of the pub
lished studies on the use of G-CSF in pa
tients with AML reported an inferior overall 
outcome or a stimulation of leukemic re
growth in patients receiving the growth fac-
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tor, confirming initial observations made by 
the Japanese group [34]. These studies rath
er are in favour of the use of G-CSF with re
gard to the antileukemic efficacy of the 
chemotherapeutic regimens applied and 
support the findings of the current study of 
an increased CR rate and a prolonged dis
ease-free survival. However, the analyses 
presented here are the first ones reporting 
on the use of G-CSF following treatment 
with high-dose AraC, possibly explaining 
the more obvious improvement of the dis
ease-free survival as compared to previous 
trials. As reported earlier, this more inten
sive regimen, with a more profound sup
pression of the bone marrow, may demon
strate a greater potential for a beneficial re
sult from cytokine use [15]. Furthermore, 
there is laboratory [35-39] and clinical data 
[17-21] on an antileukemic potential of G
CSF warranting its further evaluation in pa
tients with AML. 

The results of the present study support 
the use of G-CSF following treatment with s
HAM in patients with advanced AML in or
der to reduce the chemoptherapy-induced 
toxicity and to possibly improve the antileu
kemic efficacy. However, besides two recent
ly reported studies which will be published 
in detail shortly [40, 41], further analyses 
have to be performed in a randomized pros
pective manner to confirm the improvement 
of the antileukemic efficacy of high-dose 
AraC by the application of G-CSF. 
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Abstract. In a previous study for patients 
with advanced MDS, AML after MDS, and 
secondary AML, a remission rate about 45% 
was obtained after intensified chemothera
py. In order to increase the remission rate, a 
prospective trial with three cycles of idaru
bicin 10 mg/m2 x 3d (2d in cycle 2 + 3), con
tinuous infusion of ara-C 100 mg/m2 x 7d (Sd 
in cycle 2 + 3), etoposide 100 mg/m2 xsd (cy
cle 1-3), followed by amsacrine 60 mg/m2 x 
Sd and ara-C 100 mg/m2 x sd in cycle 4, with 
G-CSF priming in the first two cycles was in
itiated. From February 1994 until October 
1996, a total of 67 patients (34 male, 33 fe
male) with RAEB-t (n = 11), secondary AML 
(n = 8), or AML following MDS (n = 48) were 
entered.44 patients (age 33-75 years,median 
58 years; 9 RAEB-t, 32 AML following MDS, 3 
secondary AML) have finished induction 
therapy. After the first course of chemothe
rapy, 27 patients had a complete remission 
(CR 61.4%),7 patients showed a partial re
mission (PR 15.9%), and 10 patients were 
non-responders (NR 22.7%). After cycle 2,4 
additional patients entered CR resulting in 
an overall CR rate of 70.5%. Overall, 4 pa
tients died from early death, 4 from progres
sion or relapse. Seven patients underwent 
stem cell transplantation. In course I, neu-

tropenia « SOO/f!l) lasted 15 (range 1-40) 
days, while the median number of days with 
febrile neutropenia was 13 (range 1-34). 
Thrombocytopenia « 20000/lll) lasted for a 
median of9 (range 8-58) days. In conclusion, 
the intensive chemotherapy with idarubi
cin/ara-C/VP-16 combined with G-CSF 
priming results in a promising rate of remis
sions and is well tolerated. 

Introduction 

Ten percent to 40% of the patients with mye-
10 dysplastic syndromes (MDS) develop 
acute leukemia, and approximately 20 to 
40% will die from infection and/or bleeding 
[1-8]. The use of multi-agent chemotherapy 
has generally been less effective for patients 
with MDS in transformation to acute mye
loid leukemia (AML), or with AML that has 
evolved from MDS, or has occurred after 
previous cytotoxic chemotherapy than for 
patients with de novo AML [9-11]. Treat
ment-related deaths, especially from infec
tions during prolonged neutropenia, are 
more frequent and complete remission (CR) 
rates are less frequent and shorter than in 
patients with primary AML [12]. 

1 Abteilung Hamatologie/Onkologie, Medizinische Hochschule Hannover, Germany 
2 Medizinische Klinik III, Klinikum der Universitat Frankfurt, Germany 
3 Medizinische Klinik II; Stlidtisches Klinikum Karlsruhe, Germany 
4 Medizinische Abteilung, Evangelisches Krankenhaus Essen-Werden, Germany 
5 Medizinische Klinik III, Klinikum der Universitat Ulm, Germany 
6 Abteilung Hamatologie/Onkologie, Nordwest -Krankenhaus Frankfurt, Germany 
7 Klinik fur Innere Medizin II, Universitatsklinikum Jena, Germany 
8 III. Medizinische Klinik, Universitatsklinikum Mainz, Germany 
9 Abteilung Hamatologie/Onkologie, Universitat Halle-Wittenberg, Germany 

963 



Additionally, recent randomized trials in 
elderly patients with high-risk AML have 
demonstrated that the rate of infection dur
ing induction therapy and partially of infec
tion-related deaths during induction thera
py can be reduced by using G-CSF [13, 14] or 
glycosilated GM-CSF [IS, 16]. This use of 
growth factors could improve the complete 
remission rate [13,15]. 

In a previous study, intensive chemother
apywith idarubicin,cytarabine (Ara-C),and 
etoposide (VP-16) induced CR in 45% of the 
patients with advanced MDS and high risk 
AML [17]. In an attempt to further amelio
rate these results, the treatment was modi
fied by application of G-CSF priming during 
the first two cycles of chemotherapy. The ra
tionale was that G-CSF applicated during 
and after induction chemotherapy may in
crease leukemic cell kill and reduce the risk 
of infection and of early death. 

Patients/Treatment Protocol 

The chemotherapy regimen is outlined in 
Table 1. During the first and second course, 
the patients received 5 flg/kg G-CSF sc. from 
day -1 when leukocytes were lower than 
50000/fll or from day 1 when leukocytes 
were higher than 5000/fll until neutrophil 
counts exceeded 10001 fll. During the courses 
3 and 4, G-CSF could be given facultatively 
from the first day after the end of chemo
therapy until neutrophil counts higher than 
1000/fll (Table 1). 

From February 1994 until October 1996, 
67 patients, being 18 years or older, with a 
WHO performance status 1 or 2, with refrac
tory anemia in transformation to acute leu
kemia (RAEB-t), AML evolving from MDS, 
or AML secondary to previous cytotoxic 
chemotherapy were entered into this study 
after informed consent. The patients charac
teristics are summarized in Table 2. The di
agnosis was established by examination of 
blood and bone marrow aspirate. By the of 
October 1996, 44 patients had finished in
duction chemotherapy and were therefore 
included in the analysis. 

Patients were excluded from the study 
when they had previous chemotherapy for 
MDS or AML or a cytokine treatment within 
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Table 1. Chemotherapy and priming 

Idarubicin 10 mg/m2 i.v, Days 3-5 
Cytarabin 100 mg/m2 i.v.' Days 1-7 
Etoposide 100 mg/m2 i.v. Days 3-7 
G-CSF 5 flg/kg/day S.c. Day _l/lb 

UntilANC 1000/fll 
a Continuous infusion. 
b Leukocyte count> 50 OOO/fll from day 1. 

Leukocyte count < 50 OOO/fll from day 1. 

Idarubicin 10 mg/m2 i.v. Days 1-2 
Cytarabin 100 mg/m2 i.V.a Days 1-5 
Etoposide 100 mg/m2 i.v. Days 1-5 
G-CSF 5 flg/kg/day S.c. Day -1 b 

UntilANC 1000/fll 
" Continuous infusion. 
b Leukocyte count> 50 OOO/fll from day 1. 

Leukocyte count < 50 OOO/fll from day 1. 

Early 
consoli- Idarubicin 10 mg/m2 i.v. 
dation: Cytarabin 100 mg/m2 i.v." 

Etoposide 100 mg/m2 i.v. 

Days 1-2 
Days 1-5 
Days 1-5 

a Continuous infusion. 
(facultatively G-CSF 5 flg/kg/day S.c. day 7 

untilANC 1000/fll). 

Late 
consoli- Amsacrine 60 mg/m2 i.v. 
dation: Cytarabin 600 mg/m2 i.v." 

a Twice per day 

Days 1-5 
Days 1-5 

(facultatively G-CSF 5 flg/kg/day S.c. day 6 
untilANC 1000/fll). 

the preceeding 4 weeks. Further exclusion 
criteria were a secondary uncontrolled ma
lignancy, severe uncontrolled infections, re
fractoriness to platelet transfusions, and se
vere disorders of the heart, the lungs, the liv
er, the kidneys, and the central nervous 
system. Patients who are older than 60 years 
did not receive more than two cycles of 
chemotherapy. 

Table 2. Patients characteristics 

No. of patients 67 

Male/female 34/33 

Age (years) 
Median 58 
Range 28-75 

Diagnoses 
AML after MDS 48 
RAEB-t 11 
Secondary AML 8 



Table 3. Results 

Evaluable 
patients < 60 years > 60 years 

No. of patients 44 23 21 

Complete 
remission 31 (70.5%) 14(61%) 17 (81 %) 
Failure 13 (29.5%) 9 (39%) 4 (19%) 
Early death 4(9%) 0(0%) 4 (19%) 

Results 

By October 1996, 44 patients have finished 
two courses of induction therapy and are ac
tually evaluable for response (Table 3). After 
the first course of chemotherapy, 27 patients 
had a complete remission (CR 61.4%), 7 pa
tients showed a partial remission (PR 
15.9%), and 10 patients were non-respond
ers (NR 22.7%). After cycle 2,4 additional 
patients entered CR resulting in an overall 
CR rate of 70.5% (31 patients), while l3 pa
tients (29.5%) had a treatment failure. In the 
patients older than 60 years 81 % obtained a 
CR. Overall four patients, all older than 60 
years, died from early death (9%). Seven pa
tients underwent stem cell transplantation. 

The median duration of neutropenia 
« 500/f.tl) lasted 15 days (range 1-40 days) 
and 10 days (range 4-18 days) for induction 
1 and 2, respectively. G-CSF was given for a 
median of20 days (range 11-70 days) and a 
median of 20 days (range 9-47 days) for the 
two induction courses, respectively. After 
the first chemotherapy the median of low 
platelet count « 20 OOO/Ill) lasted 9 days 
(range 8-58 days), while a median of9 plate
let concentrates (range 3-33) were trans
fused. 

Discussion 

The trial presented here was prompted by a 
report that the use of G-CSF for acceleration 
of neutrophil recovery will reduce the rate of 
severe infections and early death [14].1t was 
suggested that G-CSF priming might im
prove the response ratres. The interim re
sults in fourty-four patients illustrate that 
the combination of idarubicin, Ara-C, and 
VP-16 is highly effective for remission in-

duction being in the upper range with re
gard to the rate of complete remission 
(70.5%). The median duration of continuous 
complete remission or relapse free survival 
is not yet evaluable. 

In previous studies of aggressive chemo
therapy in a comparable patient population, 
the rate of early death usually ranged 
between 20 and 45% [9, 17]. Due to this high 
rate of death during induction therapy, 
many centers hesitate to treat these patients 
aggressively, but rather give low-dose chem
otherapy or supportive care only. Our for
mer study with identical induction chemo
therapy, but without G-CSF priming, exhi
bited a CR rate of 45%. In comparison, the 
good response rate and the decreased num
bers of early death in our patients in the ac
tual trial which were not higher than in 
younger patients treated for de novo AML, 
might be due to the use of G-CSF after each 
chemotherapy cycle which by accelerating 
neutrophil recovery would prevent or ameli
orate the course of infections, as previously 
shown by other authors [14]. Thus, the low 
rate of early death makes our protocol a suit
able treatment regimen for the mainly elder
ly patients with high-risk AML. 

In conclusion, the early data of this treat
ment schedule suggest that improved treat
ment results can be obtained in patients 
with advanced MDS and high-risk AML. 
Further follow-up data are needed to evalu
ate the remission duration and the overall 
survival. 
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Abstract. IL-2 has been shown to induce sev
eral mechanisms of MHC-restricted and 
MHC-unrestricted cytotoxicity against leu
kemic blasts in vitro and in vivo. Also it is 
known that patients with AML have a re
duced or defective NK-cell function. Based 
on these findings we designed a phase IIII 
trial with intermediate to high-dose IL-2 to 
study the feasibility, immunomodulation 
and therapeutic efficacy of a continuous es
calating IL-2 regimen in AML patients with 
partial remission or refractory or relapsed 
disease who were not suitable for further 
chemotherapy. Patients were planned to re
ceive 4 cycles of recombinant IL-2 (Proleu
kin, Chiron GmbH) from dl-d5 with esca
lating doses from 4.5 x 106 IU/m2 to 18 x 106 

IU /m2• Therapy was given civ with a resting 
period of at least 48 hours between each cy
cle- As of March 1997 five patients were 
treated. Highest dose level was applicable in 
2/5 patients. In 3/5 patients the continuation 
of therapy required dose reduction after in
itial escalation. With this individual dose
modification the therapy was applicable in 
all 5 patients over 4 cycles with tolerable 
toxicity. Immunological monitoring (FACS) 
showed a marked lymphocytic stimulation 
(up to > 70% of PBMNC) with induction of 
CD3+/CD8+/TCRa[3+ cytotoxic T-cells up 
to 50% of all PBMNC. Lymphocyte stimula
tion was detected even with low-dose IL-2 
(4.5 x 106 IU/m2) and persisted after the end 
of IL-2 application (up to 2 weeks). In 3/5 

patients a reduction of the leukemic blasts 
in the bone marrow was observed. One of 
these responders (1/5 study patients) with 
AML after myelodysplastic syndrome 
showed a blast remission < 5% in the BM. 
This patient was further treated with a 
maintenance low-dose IL-2 therapy s.c. on 
an ambulatory basis and showed a continu
ous increase of hemoglobin and platelet lev
els over 7 months requiring no more trans
fusions and being in a very good condition 
without showing any signs of leukemic ac
tivity. 

Conclusions. Immunotherapy with IL-2 
in patients with refractory/relapsed AML 
is feasible and tolerable with an indi
vidual dose adaptation. A marked and 
sustained immunostimulation is induced. 
This seems to result in an antileukemic 
activity at least in a part of these patients. 
Further investigation is necessary to deter
mine the possible clinical and immunologi
cal effects of IL-2 in AML. As the trial is on
going, data presented here show an interim 
analysis. 

Introduction 

Interleukin-2 and Antitumoral Activity 

Interleukin-2 (IL-2) is produced by T-hel
pers cells after macrophage activation by 
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IL-l and antigen stimulation. IL-2 effects re
sult in an upregulation of MHC restricted 
cellular cytotoxicity by T-helper cells, cyto
toxic and suppressor T-Iymphocytes as well 
as in induction of MH C not-restricted cyto
toxicity by Natural Killer (NK) cells, I.ym
phokine Activated Killer (I.AK) cells and cy
totoxic macrophages. 11.-2 does induce a cy
tokine cascade with increased production 
of Tumor Necrosis Factors, Interferons and 
other Interleukins [31,34, 37,45]. 

In vivo, IL-2 leads to activation of NK
cells, I.AK-cells and T-cells. Serum levels of 
different cytokines are increased (Interleu
kins 3, -4, -5, -6, -8, Tumor Necrosis Factor 
alpha, -beta, Interferon-Gamma, GM-CSF). 
Changes in the cell mediated immune re
sponse (delayed type hypersensitivity 
reaction) are observed [31, 32, 35-37, 44, 
45]. 

A direct cytotoxic effect on the tumor 
cells seems to be secondary. The antitumo
ral activity ofII.-2 is the result of an indirect 
immunological effect with three different 
underlying mechanisms: 

On the one hand activation of non-spe
cific cellular cytotoxicity (i.e. not MHC-re
stricted) is induced. This effect is mediated 
by NK - and LAK cells. 

At the opposite there is a clonal expan
sion of cytotoxic T -cells (in the majority 
CD8+ cells) which is strictly regulated by 
stimulation of the T-cell receptors. This 
means that there is also a specific (i.e. MHC 
restricted) cellular response mechanism in
duced. 

The third effector mechanism which is 
not primarily related to cellular cytotoxicity 
is the activation of the B-cell system. IL-2 
can induce direct B-cell proliferation and 
immunoglobulin-secretion but it can also 
result in indirect B-cell stimulation via T
cell secreted secondary cytokines [30-33, 
36,38-43,45,46]. 

Interleukin-2 in the Treatment of AML 

In numerous preclinical investigations there 
is evidence for the mechanism of 11.-2 effica
cy in AMI.: 11.-2 leads among others to an ac
tivation ofNK and I.AK cells. Both cell popu
lations have an antileukemic effect in vivo 
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and in vitro. It is known that patients with 
overt leukemias have a reduced or deficient 
NK-cell activity [25,35,51-54]. Unlike this, 
patients with complete hematological re
mission after standard cytotoxic chemo
therapy a functional and effective NK - and 
I.AK -cell function can be demonstrated. 
From the blood and the bone marrow ofleu
kemia patients it is possible to generate LAK 
cells with activity against AML-blasts after 
stimulation with IL-2 [2-6,9, 10, 14-16,23-
28]. Furthermore there is convincing evi
dence for a stimulation of the T-cell system 
with induction of MHC restricted cellular 
cytotoxicity against autologous and alloge
neic leukemic blasts. 

Proceeding on the assumption that there 
is an effectiveness at low blast cell counts 
(i.e. "minimal-" or "limited-disease-AML") 
IL-2 is also been used after autologous bone 
marrow transplantation (ABMT) or periph
eral autologous stem cell transplantation 
[7 -9,12] as well as in the maintenance thera
py after induction of complete hematologi
cal remission with chemotherapy [1, 29]. 
The effectiveness of 11.-2 in ABMT seems to 
be among others the result of a biological 
process very similar to the graft-versus-Ieu
kemia effect (GVI.) which is well known in 
the setting of allogeneic bone marrow trans
plantation, but without the occurrence of a 
graft-versus-host effect (GVH) [11,15-22]. 

In the murine model there is a strong cor
relation between resistance to a challenge 
with leukemic blasts and a previously per
formed NK-cell transfer in the same ani
mals. In other experiments a specific disso
ciation of the graft-versus-Ieukemia effect 
and the graft-versus-host effect is possible 
with application of IL-2 after bone marrow 
transplantation in mice [13,15-17]. 

11.-2 is effective according to an immune 
modulation. Effectivity in terms of leukemic 
cell reduction seems to appear at low tumor 
load particularly. There are clues about the 
fact that the effect (complete or partial re
mission) as well as the remission duration of 
11.-2 therapy depend on the tumor load. 
Some studies seem to refer to a limit of about 
20-30% leukemic cells in the bone marrow 
above which the probability for disease re
duction diminishes [47-50]. 



Patients and Methods 

Patients 

As of March 1997 a total of five patients, 
all with advanced disease, have been en
rolled in this study. Characteristics of these 
patients are shown in Table 1. Median age 
was 59 years (range 49 to 67). 2 patients 
were females, 3 patients were males.Accord
ing to French-American-British (FAB) 
classification 1 patients was AML M2 
and one was AML M4. The other 3 patients 
had secondary AML or AML after mye
lodysplastic syndrome. The mean per
centage of blasts in the bone marrow was 
56% (range 30 to 90%). Inclusion criteria 
were cytologically diagnosed AML con
firmed by cytochemistry in bone marrow 
aspiration in the following patient 
groups: 
1. second or following early relapse « 1 

year), 
2. second or following incipient relapse 

with an amount of 5-30% blasts in the 
bone marrow, 

3. incomplete (partial) remission (5-30% 
blasts in the bone marrow) following 
second-line induction therapy, 

4. refractory AML after inductive therapy 
as well as after second-line chemothera
py, 

5. early relapse « 1 year) following sec
ond-line induction therapy, 

6. secondary AML in partial remission, re
fractory disease after first-line chemo
therapy and early relapse « 1 year). 

Further inclusion criteria were ineligibility 
for intensive chemotherapy, absence of cen-

Table 1. Patient characteristics 

Patient Age Diagnosis Status at IL-2 

#IR.H. 49y. denovoAML 2nd relapse 
#2M.B. 58y. denovoAML 2nd relapse 
#3 G.P' 59y. MDS-AML 1st relapse 
#4H.B. 67y. MDS-AML 1st relapse 
#5R.M. 62y. MDS-AML 1st relapse 

tral nervous system involvement, any major 
organ failure or any active infectious process 
and written informed consent. 

Standard chemotherapy had been 
stopped for at least 4 weeks and steroid treat
ment for at least 1 week prior to starting 
IL-2. 

All patients had relapse after previous in
duction regimens. During the course of their 
disease, all patients had received intensive 
chemotherapeutic regimens with high dose 
ARA-C. 

Aim of the Study 

The principal aim of the study was to study 
the feasibility of an immunotherapy with 
intermediate to high-dose single agent 
Interleukin-2 given as a continuous intrave
nous infusion in patients with second or 
subsequent relapse of AML, refractory AML 
and secondary or MDS-AML after first-line 
therapy. Secondary study criteria were im
munomodulation and therapeutic efficacy. 

Study Design and Treatment Plan 

Open, prospective, mono centric, non-ran
domized phase I -study for treatment of 
AML patients with Interleukin-2. 

The preparation used was human recom
binant Interleukin-2 (Proleukin, Chiron 
GmbH). The treatment protocol provides 
an individual and limited dose escalation. 
For each patient, four therapy cycles are 
planned. One cycle consists of five days, 
the application modus is carried out as a 
continuous intravenous regimen. The fol-

BM blasts before IL-2 

80% 
90% 
30% 
32% 
50% 

Outcome with 
IL-2 treatment 

Progressive disease 
Progressive disease 
Remission (10 months) 
Blast reduction 
Stable disease 
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Dose IL-2 Isqm I day 18xl06IU 18x)06IU 

9.0xl06IU 

4.5 x 106 IU 

5 5 5 
Days 72h Days 72h Days 72h Days 

Fig.l.0verview treatment schedule. Phase 1 study with lL-2 in acute myeloid leukemia 

lowing dose escalation regimen is sched
uled: 151 cycle: Day 01-05: 4.5 x 106 IV IL-
2/m2/24 h, 2nd crcle: Day 09-13: 9.0 x 106 IV 
IL-2/m2/24 h, 3r cycle: Day 17-21: 18.0 x 106 

IV IL-2/m2124 h, 41h cycle: Day 25-29: 18.0 x 
106 IV IL-2/m2/24 h.After each cycle there is 
a resting period of 72 h until the start of the 
next cycle (Fig. 1). Patients who respond to 
IL-2 are scheduled to subcutaneous low
dose maintenance therapy with application 
of 3 Mill IV/day 3x/week on an outpatient 
basis. 

Supportive (are and Monitoring 

All patients were treated as inpatients in 
double rooms. All patients had double lu
men central venous catheter and received 
prophylactic antipyretic therapy with ace
taminophen 500 mg every 6 h. Standard se
lective oral antibiotic decontamination 
therapy was applied. Other antipyretic treat
ment was given only in febrile episodes 
> 38.5 DC, intravenous broad -spectrum anti
biotics only in the presence of documented 
infection. Platelet transfusions were given 
with platelet count < 10 OOO/fli or fever> 38.5 
°C or when bleeding complications oc
curred. Packed red blood cells (RBC) were 
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transfused when hemoglobin was < 9.0 g/dl. 
Standard laboratory procedures including 
hematologic counts, liver and renal function 
tests, and electrolyte tests were performed 
daily. Bone marrow evaluations were per
formed in all patients before starting of IL-2 
and after the fourth induction cycle. 

Standard supportive care including furo
semide for fluid retention, human albumin 
and colloid infusions for hypotension were 
used as needed. 

Toxicity was defined according to the 
World Health Organization (WHO) grading 
system. Doses of IL-2 were not increased 
when simultaneous toxicities 2:: grade 2 
were present. If toxicity 2:: grade 3 occurred, 
treatment was paused and after values re
turned to baseline continued with 50% dose 
reduction. During treatment with IL-2, no 
other chemotherapy or immunotherapy was 
performed. 

Immunomodulation 

In order to evaluate the immunological ef
fects of treatment with IL-2, phenotypic 
changes in lymphocyte subpopulations 
were determined by flow cytometry before 
treatment was started, during treatment and 



after termination. Briefly, heparinized 
mononuclear peripheral blood and bone 
marrow cells were obtained freshly after 
density gradient centrifugation (Ficoll, Sig
ma Chem.). Cells were selected from inter
phase, washed twice in phosphate-buffered 
saline, resuspended in PBS and double 
stained the same day with a panel of conju
gated monoclonal antibodies against the fol
lowing surface antigens: CD3, CDI9, 
CDl6/CD56, CD25, CD4, CD8, T-cell-recep
tors a/j3, T-cell receptors ,,//8, CD45, CDl4, 
CD45RO, CD45RA (all antibodies from Bec
ton Dickinson, San Jose, CA). Measurement 
was performed on FACScan (Becton Dickin
son). 

Response Evaluation 

Response to the treatment with IL-2 was 
evaluated with bone marrow aspiration bi
opsy after the last cycle. CALGB criteria for 
definition of hematologic response were 
used. 

Results 

Toxicity 

Fever was observed in all patients. Other 
well-known IL-2-related side effects (Le., 
flu-like symptoms, fluid retention, peripher
al edema, metabolic toxicities) were ob
served in 4 out of 5 patients. In 1 patient, fe
ver and general symptoms occurred only at 
the highest dose level. In 3 patients hypoten
sion and tachycardia was observed. In 1 of 5 
patients temporarily infusion with low-dose 
dopamine was necessary. One patient ac
quired pneumonia during therapy docu
mented by chest X-ray, after which IL-2 
treatment was paused and continued at the 
same dose level only after pulmonary infil
trate disappeared completely with antibac
terial antibiosis and patient was without fe
ver for 3 days. Three of 5 patients had a cuta
neous rash resembling cutaneous graft-ver
sus-host reaction. One of 5 patients showed 
furthermore pruritus requiring treatment 
with antihistaminic drugs. In 1 of 5 patients, 
treatment had to be stopped after applica-

tion of 1.5 cycles because of patient's wish. 
Anemia requiring transfusion of blood 
(RBC) occurred in all patients and all pa
tients required prophylactic platelet trans
fusion during the treatment, except petechi
ae without presentation of any serious 
bleeding complications. Despite these side
effects, no IL-2-related deaths occurred dur
ing the induction period. Maintenance ther
apy was performed in 2 patients without 
any side-effects except mild temperature 
«38°C). 

Clinical Results 

By the end of induction cycles a blast remis
sion to < 5% in the bone marrow was 
achieved in 1 of 5 patients with MDS-AML. 
This remission was not described as com
plete hematological remission because he
moglobin and platelet levels were not at 
normal values at the time of bone marrow 
aspiration biopsy. In this patient, low-dose 
subcutaneous maintenance therapy was in
itiated after dismission from hospital on an 
outpatient basis and the drug was self-ad
ministered. Under maintenance therapy, 
the levels for hemoglobin and platelets 
raised up to a maximum of 90 OOO/fli (plate
lets) and 12 g/dl (hemoglobin) requiring no 
transfusions of platelets and blood for a 
time period of 8 months up to December 
1996. In the second patient, also with an 
MDS-AML, who showed a response to IL-2, 
a reduction of bone marrow blast propor
tion was observed from 32% (pre-treat
ment values) to 10% after the 2nd cycle. Un
fortunately, this patient refused further 
continuation of treatment and subsequent-
1y developed disease progression. In the 3rd 

patient with MDS-AML, after application of 
four cycles of IL-2 as scheduled, a stable 
disease with no change of blast proportion 
in the bone marrow was observed. Two of 
the 5 patients, both with refractory/re
lapsed and rapid progressive de novo AML 
and a blast proportion of 80% and respec
tively 90% in the bone marrow showed a 
disease progression after application of full 
scheduled therapy and died of complica
tions due to hematopoetic insufficiency 
(Table O. 
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Fig.2. I-cells (CD3+), CD4+ and cytotoxic I-cells before treatment (Pat. H. B.) 

2nd cycle 2nd cycle 

" . ,.. .. I 
1\1 

• 
~ 

~ CD4 (9%) ... 
~ 

Fig.3. I-cells (CD3+), CD4+ and cytotoxic I-cells during treatment (2nd cycle, Pat. H. B.) 

Immunological Effects 

Evaluation of immunological status with re
spect to surface immunophenotyping of 
mononuclear peripheral and bone marrow 
cells showed distinct changes in lympho
cyte subsets. In 3 of 5 patients a marked 
lymphocytic stimulation was achieved. The 
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amount of peripheral blood lymphocytes 
increased up to > 70% of all peripheral 
mononuclear cells. The IL-2 treatment 
schedule used in this study seems to induce 
a distinct subset of activated lymphocytes 
in the presence of leukemic blasts: i.e. T
lymphocytes with a specific phenotype: cy
totoxic T-cells with expression of IL-2 re-



'. 

T 

CD4 (7%) 

Fig.4. T -cells (CD3+ ), CD4+ and cytotoxic T -cells 1 week after treatment (Pat. H. B.) 

ceptor a-chain and T-cell receptors class u[3 
(CD3+!CD8+! CD25+!TCR u[3+). The pro
portion of induced cytotoxic T-cells in
creased up to some 50% in one of the re
sponding patients (see Figs. 2-4). This spe
cific type of immunomodulation was ob
served in the 3 of 5 patients with MDS-AML 
who showed response to therapy. The im
munomodulation was similar in all of these 
patients, and showed only quantitative dif
ferences. The activation which was achieved 
could be demonstrated even with low-dose 
IL-2 therapy (4.5 Mill Units!24 h). The im
munostimulation was persistent for some 
time even after treatment was terminated, 
with a maximum immune response ob
served 10 days after treatment was stopped 
(Figs. 2-4). Two further observations are 
worth mentioning: The major part of lym
phocyte activation of the lymphocytes 
could be demonstrated in the peripheral 
blood, the percentage of cytotoxic T -cells 
induced with this therapy in the bone mar
row was to a much lesser extent. Further
more, in this study and with the treatment 
schedule used, we did not observe any sig
nificant unspecific (i.e., HLA-unrestricted) 
cellular cytotoxicity with respect to induc
tion of natural-killer-cells or lymphokine
activated-cells. 

Discussion 

There are several possible mechanisms for 
the effectivity of immunotherapy with 
1nterleukin-2 inAML patients. 
1. 1L-2 can reduce relapses in a murine 

model of syngeneic BMT for AML, 
2. LAK cells and NK cells, both of which are 

induced by 1L-2, can lyse human hemato
logic malignancies, including myeloid 
leukemia cells, 

3. 1L-2 can reverse the deficient NK cell ac
tivity which has been shown in leukemia 
patients, 

4. 1L-2 can induce T -lymphocytes with spe
cific cytotoxic activity against autolo
gous and allogeneic human AML blasts 
which show a restricted i.e. specific T-cell 
receptor repertoire, 

5. a graft-versus-Ieukemia (GVL) effect 
mediated by 1L-2-induced cytotoxic cells 
with specific or non-specific ant-leuke
mia reactivity can be induced or aug
mented by exogenously administered 
1L-2. 

There are already some studies reported 
showing the feasibility of different 1L-2 
schedules in AML patients both with ad
vanced leukemia and after autologous bone 
marrow transplantation with well docu-
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mented immunomodulatory effects. Some 
encouraging results have been obtained es
pecially in patients with a low proportion of 
blasts in the bone marrow. 

With regard to feasibility and toxicity, the 
results of this first analysis of the study per
formed in our institution show that an im
munotherapy with continuous i.v. single
agent Interleukin-2 in patients with re
lapsed or refractory AML is feasible with an 
individually performed dose adaptation. 
The escalating dose protocol allows the dos
es of IL-2 to be modulated following indi
vidual tolerance. This regimen makes it 
possible for each patient to receive the high
est tolerated dose without the risk of over
treatment and the appearance of severe 
side-effects. With the schedule used in our 
study toxicities did not exceed WHO grade 
III. No treatment related deaths occurred. 
The highest dose level was achieved in 2 of 5 
patients and in 3 of 5 patient a dose-reduc
tion after initial escalation was necessary. 
With this individual dose modification the 
therapy was completed in all five patients. 

The immunologic studies performed 
showed that moderate to high-dose IL-2 ad
ministration leads to a marked lymphocytic 
stimulation, especially with induction of cy
totoxic T-cells in patients with presence of 
leukemic blast cells in the bone marrow. The 
immunostimulation is persistent even after 
cessation of therapy (up to a maximum of 
10 days). Interestingly, and in contrast to 
previous studies published, no significant 
induction of natural-killer cells with the 
schedule we used in our institution could be 
observed. 

Concerning the antileukemic efficacy of 
IL-2 in AML patients, in 2 of 5 patients a re
duction of blast counts was seen. In 1 of 5 
patients a blast remission < 5% in the bone 
marrow could be achieved and after the end 
of induction therapy this patient was treat
ed with low-dose s.c. IL-2 on an outpatient 
basis showing continuously rising periph
eral blood cell counts during maintenance 
therapy. Both patients who showed re
sponse to induction IL-2 treatment had a 
relatively small proportion of blast cell 
counts in the bone marrow (below 30%). 
All 3 patients with high blast cell counts 
(> 80%) did not show any response to im-
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munotherapy. This is concordant with ob
servations in other studies and the biologi
cal assumption that an immunotherapy 
may be advantageous in the case of a low tu
morburden. 

In conclusion, the first results of this 
study indicate that 
1. moderate to high doses of Interleukin-2 

can be safely administered as an induc
tion treatment to poor prognosis AML 
patients if an individual dose adaptation 
is performed with clinical and laborato
ry monitoring, 

2. a marked and sustained immunostimu
lation with induction of specific cyto
toxic lymphocytes can be induced using 
Interleukin-2 in patients with AML in 
second or subsequent relapse, 

3. induction of hematological remissions 
to immunotherapy alone is possible es
pecially in AML patients with a relative
ly low tumor burden, 

4. maintenance therapy with low-dose 
subcutaneous Interleukin-2 can safely 
be administered on an outpatient basis 
after induction treatment. 

Taken together, these data seem to confirm 
the possible antileukemic activity of Inter
leukin-2 in patients with acute myeloid leu
kemia. Further prospective clinical and la
boratory investigation is needed to study 
the basis of this immunotherapeutic ap
proach especially with regard to the biolog
ical mechanisms involved. This may be 
helpful to identify those patients who have a 
high probability for achieving remission af
ter immunotherapy and who may benefit 
from such an approach. 
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Abstract. A combination of carboplatin plus 
high-dose ara-C and either mitoxantrone or 
idarubicin (crossover) was used in 26 adults 
with refractory or relapsed AML and the fol
lowing high-risk features: primary refracto
ry 38%, > 2nd relapse 23%, 1st CR < 12 mos. 
11 %,age > 60 years 19%,FAB M5/secondary 
AML 23%, prior high-dose ara-C 35%, prior 
bone marrow transplant 27%. The first regi
men (12 patients) with carboplatin 300 
mg/m2/d (24-hour infusion) on days 1-4, 
high-dose ara-C 1 g/m2/bd on days 1-5, mi
toxantrone (idarubicin) 12 (6) mg/m2/d on 
days 1-3 was highly toxic resulting in the ear
ly death of 7 patients. With a reduced inten
sity regimen (14 patients) consisting of car
boplatin as above, high-dose ara-C on alter
nate days (1,3,5), and mitoxantrone (idaru
bicin) reduced to 8 (5) mg/m2/dose, the re
sponse rate was 64% (7 complete and 2 par
tial remissions). Complete remissions were 
consolidated with lower-intensity chemo
therapy and autologous (n = 5) or allogeneic 
(n = 2) bone marrow/peripheral blood cell 
transplants. Overall survival was 2.1 
months, responders living longer (median 
11 months, 2-year probability 0.34) than 
nonresponders (p < 0.001). The second car
boplatin-based regimen was effective in the 
management of patients with advanced
stage AML and :s 2 high-risk features. Mo
bilization of CD34+ circulating blood cells 
for auto grafting was possible and a pro-

longed remission was obtained in some of 
these patients. 

Introduction 

A recent definition of refractory acute mye
logenous leukaemia (AML) includes pa
tients failing primary induction chemother
apy or suffering from relapse within 2 years 
from first complete remission (CR) [1]. Pre
viously, refractory AML was defined as resis
tance to induction therapy, relapse within 6-
12 months from first CR, or second and sub
sequent relapse [2]. It is possible that the 
same terminology might apply, regardless 
time to recurrence, to cases relapsing after 
initial consolidation with high-dose cyto
sine arabinoside (ara-C) courses and/or au
tologous or allogeneic haematopoietic cell 
transplants. Refractory AML is an extremely 
difficult condition because the most effec
tive treatment strategy, normally exploited 
upfront, is demonstrably failing in front of 
adverse biological determinants such as 
chromosomal translocations [3,4] and mul
tidrug resistance (MDR) mechanisms [5,6]. 
The management of refractory AML has 
mainly focused on the achievement of a tem
porary response with alternative drugs or 
with investigational agents [7], in order to 
proceed expeditiously to a bone marrow 
transplant, preferably an allogeneic one in 
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those patients with a compatible sibling do
nor. The efficacy of mitoxantrone, high-dose 
ara-C, and etoposide combinations was 
underscored [1, 2]. Recently, carboplatin 
(CBDCA) given by continuous infusion 
showed effective, although CR rates varied 
widely depending on patient selection, actu
al CBDCA dosage, schedule and association 
with other drugs [8-11]. CBDCA might play 
a role in MDR type-l (P-170) positive AML, 
because invulnerable to P-170-mediated 
transport [12], and perhaps in recurrent 
rather than primary resistant disease. We 
used a combination of CBDCA, mitoxan
trone and high-dose ara-C in a group of 
adults with refractory AML, first to obtain a 
response and secondly to consolidate it with 
aggressive therapy and autologous or allog
eneic haematopoietic cell support. The cho
sen drugs have different mechanisms of ac
tion and are therefore expected to be non
cross-resistant. Etoposide was not included 
because a topoisomerase II inhibitor - such 
as mitoxantrone - and a substrate to the 
MDR type-l drug efflux mechanism, and be
cause already administered to most patients. 

Materials and Methods 

CBOCA-Based Regimens 

Regimen 1 (R-l) consisted of CBDCA 300 
mg/m2/d as 24-h continuous infusion on 

days 1-4, ara-C 1 g/m2/12-h on days 1-5, mi
toxantrone (idarubicin) 12 (6) mg/m2/d on 
days 1-3. Patients previously treated with ad
riamycin or idarubicin received the mito
xantrone schedule, and vice versa. Patients 
already exposed to both drug types received 
mitoxantrone once more. R-l was followed 
by subcutaneous 5Ilg/kg/d granulocyte col
ony-stimulating factor (G-CSF, from Hoff
man-LA Roche or Dompe-Biotec, Italy), 
starting from day 6 and until the peripheral 
absolute neutrophil count exceeded 1.5 x 
109/1 after the leucocytic nadir. The reduced 
intensity regimen (R-2) was introduced after 
the evaluation of treatment results and to
xicities observed with R-l in the first patient 
cohort (see below for details). R-2 consisted 
of unmodified CBDCA, high-dose ara-C on 
alternate days (1,3,5), mitoxantrone (idaru
bicin) reduced to 8 (5) mg/m2/dose, and un
modified G-CSF. The alternate-day ara-C 
schedule was derived from a Cancer and 
Leukemia Group B study [13]. In patients 
achieving a response, a consolidation course 
was planned with reduced drug dosages. Re
sponders were considered eligible to high
dose consolidation with autologous or allo
geneic haematopoietic cell support. Collec
tion of peripheral blood CD34+ cells for au
tograft was attempted after the first consoli
dation course. The whole R-2 sequence is de
picted in Fig. 1. 

Prophylactic measures were hyperhydra
tion to maintain an adequate urine output, 

Induction Consolidation Autologous/ 
allogeneic 
blood cell 
transplant 

M/IIII 
C: 

A: 

Days: 

[J . .. [J . .. [ill ~ : ~ : ~ : 

2 3 4 5 

G 

rn . .. 

6 2 

OJ 
3 

G 
(to CD34+ 
blood cell 
harvest) 

5 

M/I, Mitoxantrone/ldarubicin 8/5 mg/sqm/d 
C, CBDCA 300 mg/sqm/d as 24-h infusion 
A, ara-C 1/0.5 (induction/consolidation) g/sqm/bd 
G, G-CSF 5 mcg/kg/d from day 6 or 5 

Fig.1. CBDA -containing regimen 2 for refractory adult AML 

979 



oral ciprofloxacin 500 mg/bd, and transfu
sions with packed red cells and multiple do
nor platelets for haemoglobin < 8 g/dl and 
thrombocytopenia < 20 x 109/1, respectively. 
All intravenous medications were adminis
tered through a tunneled central venous ac
cess. 

Definitions and Statistics 

Refractory AML was defined as primary re
sistance to induction course(s), relapse with
in 12 months from first CR, and any subse
quent relapse [1,2]. Additional high -risk fac
tors in this series were age> 60 years, mono
blastic/FAB M5 AML, secondary and myelo
dysplasia-related AML, and recurrence after 
12 months from first CR if prior treatment 
included high-dose ara-C or autologous/al
logeneic bone marrow/peripheral blood cell 
transplantation. Achievement of CR, in pa
tients who reached a neutrophil count> 1.5 x 
109/1 and were transfusion-free, required the 
disappearance from the bone marrow of rec
ognizable leukaemic cells and the simultane
ous evidence of normal trilineage haemato
poiesis. A partial response (PR) was defined 
as the persistence of 25% or less marrow 
blast cells, and no response> 25% blast cells. 
A subsequent relapse was diagnosed when 
marrow blast cells were 5% or greater. Com
parisons between different prognostic and 
treatment groups were by means of the chi
squared test with Yate's correction, the 
Student's t test, and the log-rank test. Survi
val estimates and plots were produced by Ka
plan -Meier analysis. 

Results 

Patients 

The 26 consecutive patients entered on trial 
were all those relapsed after or primary re
sistant to front-line or other salvage regi
mens for adult and elderly AML between 
June 1994-July 1996, for whom intensive 
nonpalliative retreatment was felt appropri
ate.Adult AML regimens were with adriamy
cin-ara-C-thioguanine or idarubicin-ara-C
etoposide (induction) plus either high-dose 
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ara-C or autologous bone marrow/blood cell 
transplantation after high-dose ara-C plus 
fractionated total body irradiation (postin
duction). Elderly AML patients and adult re
lapse phases before the present study were 
managed with a mitoxantrone-ara-C-etopo
side combination followed by high-dose 
consolidation if possible. One patient had an 
acute myeloblastic transformation of a Phil
adelphia-positive chronic myelogenous leu
kaemia, refractory to four courses with dau
norubicin-thioguanine-ara-c. As of January 
1997, the median observation time since di
agnosis of refractory AML was 22 months, 
and range 6-30 months. Nineteen patients 
had refractory AML according to the pro
posed criteria [1,2] and seven additional pa
tients at first bone marrow relapse met our 
inclusion criteria because of advanced age, 
adverse diagnostic features or prior treat
ments including high-dose ara-C and trans
plants. All patients had received prior treat
ments with one or more anthracycline-type 
drug and 81 % with etoposide. Patient main 
characteristics, prior treatments and distri
bution of high-risk features by treatment 
protocol are illustrated in Table 1. 

Treatment Outcome and Toxicity 

The first group of 12 patients received R-1, a 
highly toxic schedule that was abandoned in 
favour of R-2. Two R-1 patients died of sep
tic complications caused by ciprofloxacin
resistant strains of Pseudomonas spp. and 
Enterococcus, respectively. A third patient 
who died suddenly after the first day of 
therapy is nevertheless included into analy
sis. With R-2 the incidence of toxic side ef
fects and early deaths was reduced substan
tially, leading to an overall response rate of 
64%. Overall and comparative treatment 
outcome according to high-risk factors is 
summarized in Table 2. All CR were ob
tained with a single chemotherapy course. 

Notably response rates declined as the cu
mulative incidence of high-risk indicators 
increased, from 64% (CR) with any which 
one to 50% (25% CR and 25% PR) with any 
two to none with three or more. In particu
lar, six of 7 total CR obtained in cases with a 
single high-risk feature were from the group 



Table 1. Patients with refractory AML at time of CBDCA-based therapy 

Parameters 

Age (yr),median (range) 
Gender,M:F 
FABclass, MO: 1:2:4:5 
Prior anthracycline", MIT:IDA:DNR:ADR 
Prior etoposide 
High-risk features: 
Primary refractory 
1st relapse within 12 mos. 
> 2nd relapse 
Age> 60 years 
Secondary/M5 AML 
Prior high-dose ara-C 
Prior transplant 

Total 
(n=26) 

54 (26-64) 
11:15 
2:lO:7:3:4 
11:10:2:7 
21 

lO (38%) 
3 (11 %) 
6(23%) 
5 (19%) 
6(23%) 
9(35%) 
7b (27%) 

R-1 
(n = 12) 

46 (26-67) 
4:8 
2:5:2:2:1 
6:2:2:6 
8 

3 
1 
4 
1 
3 
6 
4 

R-2 
(n = 14) 

56(31-64)p=0.06 
717 
0:5:5:1:3 
5:8:0:1 
13 

7 
2 
2 
4 
3 
3 
3 

a MIT, mitoxantrone; IDA, idarubicin; DNR, daunorubicin; ADR, adriamycin. 
b 6 autologous, 1 allogeneic. 

Table 2. Treatment outcome by CBDCA-based regimen 

Early deaths 
AML regrowth 
CR+PR 
CR + PRa/by high-risk features: 

Total 
(n=26) 

9 (35%) 
4 (15%) 
lO + 3 (50%) 

R-1 
(n= 12) 

7(58%) 
1 (8%) 
3 + 1 (33%) 

R-2 
(n = 14) 

2 (14%) P = 0.059 
3 (21%) 
7 + 2 (64%),p= 0.2 

Primary refractory (n = 10) 
1st relapse within 12 mos. (n = 3) 
> 2nd relapse (n = 6) 

3 + 2 (30% + 20%) 
1 (33%) 

0/3 
0/1 

3+217 
112 

Age> 60 years (n = 5) 
Secondary/M5 AML (n = 6) 
Prior high-dose ara-C (n = 9) 
Prior transplant (n = 7) 

2 + 1 (33% + 17%) 
3 (60%) 

1 + 114 
0/1 

112 
3/4 

1 + 1 (17% + 17%) 
2 + 1 (22% + 11 %) 
1 + 2 (14% + 28%) 

0/3 
2/6 
1 + 114 

1 + 113 
1 PR/3 
1 PR/3 

a CR figures unless otherwise indicated. 

of 8 R-2 patients within this category (75% 
CR), this being the best CR figure from sub
group analysis (Table 3). 

The likelihood of CR and PR was similar 
in patients treated with either mitoxantrone 
(7/17,41 %) or idarubicin (4/9,44%). CR was 

Table 3. Treatment outcome by cumulative incidence 
of high -risk features 

No. high-risk Total a R-1 R-2 
features (n=26) (n= 12) (n= 14) 

l(n=l1) 7 (64%) 1/2 6/8 
2 (n = 12) 3 +3PR 

(25% + 25%) 2 + 118 1 + 2/4 
>2(n=3) 0 OIl 0/2 

a CR figures unless otherwise indicated. 

the first in 3 patients with primary resistant 
disease, the second in 5 patients at first re
lapse, and the third in 2 more cases at second 
relapse. 

Myelotoxicity was marked with both R-1 
and R-2, with a median absolute neutropenic 
period in excess of2 weeks despite addition
al G-CSF (Table 4). In contrast, regimen-as
sociated gastrointestinal mucositis was gen
erally mild with R-2, so that these patients 
were less prone to contract infectious com
plications (28 vs. 100%). Severe metabolic, 
renal, and auditory toxicities were not ob
served. 
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Table 4. Comparison of toxicities and complications 

Parameters 

Neutrophils 
< 0,5 x 10911, 
days 
Platelets 
< 20x 10911, 
days 
GItoxicity", no. 
Fever> 38°C, days 
Cumulative 
infections, no. 
Pneumonia, no, 
Sepsis,no, 

R-l R-2 
(n = 12) (n = 14) 

18 (9-36+) 18 (10-38) ns 

19 (9-36+) 21 (9-38) ns 
7(58%) 2(14%) p=0.052 
6(0-10) 4(0-12) ns 

17 
8(66%) 
9(75%) 

4 
3(21%) 
1 (7%) 

p=O,0009 
p=0.053 
p=0.0017 

a Grade III -IV gastrointestinal toxicity according to 
WHO scale, 

Postremission Therapy and Survival 

Of 3 PR patients, two received no further 
treatment because of prolonged peripheral 
pancytopenia and rapidly progressive di
sease, respectively. The third PR patient had 
a histocompatible sibling donor and under
went a second allogeneic peripheral blood 
transplantation after high-dose busulphan
melphalan conditioning. A durable remis
sion status was achieved until the patient 
died 27 months later of sepsis and severe 
chronic graft-versus-host disease. Of 10 CR 
patients, one died soon of disseminated fun
gal infection and one in third CR was given 
no further therapy because aged> 60. Eight 
patients received the consolidation course 
with the subsequent aim to proceed to auto
logous or allogeneic transplants, and 6 actu
ally underwent the procedure (1 allogeneic, 
5 autologous) while 2 did not because of 
poor performance status and advanced age, 
respectively. The allogeneic blood cell trans
plant was complicated by a delayed platelet 
recovery that eventually caused a fatal cere
bral haemorrhage. Autologous peripheral 
CD34+ blood cells were collected in 7 pa
tients, ranging from 1-4.3 x 109/kg CD34+ 
cells. Five patients were autografted follow
ing high -dose BCND -etoposide-ara -C-mel
phalan (n = 3) or high-dose ara-C-total body 
irradiation (n = 2) combinations. Time from 
CR to autograft was 1.5-5.8 months (median 
3.3). The neutrophil count reached> 0.5 x 
109/1 after 8-20 days (median 12) from trans-
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plant. The time needed to reconstitute a 
spontaneous count> 20 x 10911 ranged from 
18-91 days (median 30). 

Median CR duration was 8 months and 2-
year probability 0.34. Results were slightly 
better if the PR case achieving CR following 
an allograft is included. The length of di
sease-free interval was apparently related to 
the intensity of postremission therapy in
cluding transplants, since patients excluded 
from this treatment had shorter remissions 
(Table 5). 

Table 5. Length of CR by postremission treatment in
tensity 

Post remission No, of CR duration Notes 
therapy patients (mos.) 

None 2 0.5,6 One early 
death by 
infection 

Consolidation 2 3,10 
Consolidation, 1 14 DiedinCR 
+ allograft (haemor-

Consolidation 5 
rhage) 

5,6+,11, 
+ autograft 22,28+ 
Allografta 27 Died in CR 

(Sepsis, GVHD) 

a PR patient achieving CR after allogenic blood cell 
transplant. 

The patient with longer survival after auto
graft remained persistingly pancytopenic 
with a dysplastic bone marrow without blast 
excess. He responded well to intermittent G
CSF and danazol treatments. No patient was 
retreated intensively at recurrence. Median 
overall survival from entry into study was 
2.1 months but responders lived significant
ly longer (median 11 mos., 2-year probabil
ity DAD) than nonresponders, whose median 
survival was less than one month (p < 0.001 
by the log-rank test) (Fig.2). 

Discussion 

In this single-centre study we tested a 
CBDCA-containing high-dose regimen for 
adult patients with refractory AML. Essen
tially the results point to the importance of 
drug dosage and scheduling of CBDCA as 
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well as associated drugs, in order to keep 
toxicity within acceptable ranges and opti
mize clinical results. Cumulative CBDCA 
not exceeding 1500 mg/m2 over 5 consecu
tive days was shown by phase lIII clinical 
studies to be both safe and relatively effec
tive, whereas higher concentrations were as
sociated with proportionally worse toxic
ities and those < 1000 mg/m2 or < 300 
mg/m2 / d with decreasing response rates [14, 
15]. Therefore CBDCA 1200 mg/m2 over 4 
days was adopted for R-l and maintained in 
R-2 even if toxicity problems eventually dic
tated for a general reduction of treatment in
tensity. When high-dose ara-C and mitoxan
trone (or idarubicin) concentrations were 
reduced, untowards side effects and espe
cially gastrointestinal toxicity became mini
mal but, in view of the good response rates to 
R-2, efficacy was preserved. The decreased 
mucosal toxicity and strictly related lower 
infectious complication rate were the result 
of the alternate-day instead of daily high
dose ara-C schedule, in accordance with the 
Cancer and Leukemia Group B consolida
tion study in adult AML [13]. 

One reason for using CBDCA was the re
ported invulnerability of this agent to MDR 
type-l-mediated drug transport. This drug 
resistance mechanism is often responsible 
for treatment failure in AML [5,6]. Thus, de
spite blast cells can resist to platinum ana-

CR/PR (n=13) 

2 3 
Years 

logs by means of other drug transporters, 
DNA repair and glutathione-S-transferase 
[12], use of CBDCA in cases at great risk of 
overexpressing MDR type-l seemed a logi
cal stop, given the current shortage of alter
native drugs and even if MDR status of sin
gle cases was unknown. 

In refractory AML CBDCA alone was 
moderately effective, but a synergistic effect 
observed in vitro with some other drugs, in
cluding ara-C and mitoxantrone [16], 
prompted the evaluation of combination 
chemotherapy schedules. Single-agent 
CBDCA studies reported variable CR rates: 
< 10% [8,17],10-20% [18], > 20% [14,15]. 
The highest figure was from a study where 9 
(81 %) of 11 patients unresponsive to stan
dard front-line chemotherapy entered CR 
following CBDCA [19]. The association with 
etoposide gave no CR in one study [8] and 
40% in another [11]. Other associations 
were with anthracyclines (CR 26-33%) [20, 
21] and, more recently, with ara-C at stan
dard or intermediate-dose, resulting in 27-
50% CR rates [10,22-24]. The low response 
rates evidentiated in some studies with 
CBDCA or CBDCA-etoposide might reflect, 
in our opinion, the selection of more heavily 
pretreated subjects who have already deve
loped truly pleiotropic drug resistance, and 
certainly resistance to CBDCA. This is in 
keeping with the worse results we observed 
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in patients progressing after high-dose ara
C and/or total body irradiation and in gen
eral in those with 2 or more high-risk fea
tures. These data suggest that CBDCA 
should not be used alone in refractory AML, 
whereas associations with other drugs are 
not only possible but obviously indicated. 
There remains to consider that, when the CR 
rates approach 50%, none of the several reg
imens employed in refractory AML seems 
better than others nor activity of CBDCA 
can be easily demonstrated within multi
drug combinations. 

Eventually, results with R-2 were similar 
to the best reported recently with other in
tensive schedules, including or not CBDCA, 
and so was the final outcome of responders, 
meaning that, excluding patients with no ad
ditional high-risk feature in late first relapse, 
who can still respond quite well to chemo
therapy [1], a significant prolongation of 
disease-free survival in refractory AML is 
only possible by performing an allogene
ic/autologous bone marrow/peripheral 
blood transplant [1,25]. 

The fact that peripheral blood CD34+ 
cells could be successfully mobilized for au
tografting purposes by R-2 consolidation, 
even in such heavily pretreated subjects, 
adds consistence to our experience and sug
gests further use of this procedure in refrac
tory AML entering a remission. Eventually, 
to establish what is better, results obtained 
with CBDCA-based chemotherapy and au
tologous blood cell transplants should be 
compared with those from mafosfamide
purged autologous bone marrow trans
plants performed in comparable patients 
and risk setting [25]. Until that time, refrac
tory AML patients responsive to salvage reg
imens and without a bone marrow donor 
should not be denied, when possible, an au
tologous peripheral blood transplant, be
cause the faster haematologic recovery may 
reduce the risks of pancytopenic procedural 
deaths and because the results being report
ed in first CR phase do not show an in
creased recurrence rate compared with au
tologous bone marrow transplant [26]. 

Lastly, our report indicates that the differ
ent risk factors present in patients with re
fractory or recurrent disease can confer a 
varying likelihood of response to salvage 
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therapy, which makes it mandatory their 
identification and a unified terminology to 
allow comparability between different stud
ies and study arms. 

In conclusion CBDCA with alternate-day 
high-dose ara-C and either mitoxantrone or 
idarubicin exerted an appreciable activity in 
refractory AML of adults, for both remission 
reinduction, consolidation and the mobil
ization of CD34+ circulating cells for auto
transplants. The heterogeneous pattern of 
response and the distribution of high-risk 
features within patient subsets indicate that 
further progress may be possible by identi
fying which specific drug resistance mecha
nisms affect single cases and then, in this di
rection, by shaping highly individualized, 
risk-adapted drug and/or resistance modifi
er schedules. In 1997, there are no reasons to 
exclude CBDCA from these studies. 
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Abstract. We conducted a phase I-II trial of 
escalating dose of carboplatin (CB) 0.750, 
0.875, 1000 g/m2 (levell, 2, 3 respectively) 
given over 5 days as continuous infusion 
(Cl) in association with ARAC 5 g/m2 and 
VP16 0.5 g/m2, to assess the limiting toxicity 
and the response rate of this combination. 
Twenty eight patients entered the study (19 
phase 1,9 phase II) median age 42 years (22-
55),14 males, 13 females, 9 ALL, 19 AML (16 
without antecedent of MDS or CML, 1 acu
tisation of CML, 2 acutisation of MDS). 3 pa
tients received the therapy as primary treat
ment for AML. Four patients were refracto
ry, 21 were in relapse. 

For phase I study, 15/19 were evaluable for 
toxicity, 2/15 (level 1 and 2) developed grade 
3/4 renal toxicity, both patients died at day 12 
and 21 with persistent renal toxicity. No pa
tient developed grade 3/4 toxicity at level 3 
which was chosen for phase II study. Median 
CB area under curve (AUC) was 13 mg/ml X 
min (9.5-20) without difference between CB 
level 0.75, 0.875 and 1 g/m2. Twenty one % 
(6/28) of the patients died in aplasia. Dura
tions of grade 4 neutropenia and thrombo
penia - evaluable in 19/22 patients - were 24 
days (13-45) and 25 days (8-45), respectively, 
without influence of the CB AUe. Grade 3/4 
extrahematological toxicity occurred in 

37%,45%, and 66% of the patients with low 
(:s; 12), intermediate (12-15) and high (2: 15) 
AUC respectively. One patient with AUC 20 
mg/ml X min cumulated grade 3/4 renal, 
mucosal and hepatic toxicities. 

Overall response rate included 14% CR, 
14% regeneration failure and 10% PRo 

These data suggest the importance of CB 
dose optimization and recommend AUC 16 
to 18 mg/ml X min for future trials. 

Introduction 

Treatment for relapsed or refractory acute 
leukemia is increasingly problematic since 
most patients had received high dose therapy 
- high dose ARAC, VPI6, most efficient an
thracyclines (Idarubicin, Miloxantron) - and 
bone marrow transplantation as first line 
strategy. Thus, the research for a new effective 
antileukemic agent is a major stake to over
come resistance in high dose acute leukemia. 

Salvage therapy offer from 7 to 40% com
plete response (CR) rate according risk fac
tors including initial karyotype, first CR du
ration, response to prior salvage [1-4] Car
boplatin (CB) is a second generation plati
num drug which, unlike Cisplatin, has pro
minent myelotoxicity and considerably less 
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nephrotoxicity. Phase I study of Carboplatin 
given as single agent in poor risk, refractory 
or relapsed acute leukemia demonstrated 
that myelotoxicitywas dose limiting and that 
the maximum tolerated dose (MTD) was 1.5 
g/m2 given as continuous infusion (CI) over 5 
days. CR rate ranged from 12 to 28% [5-8]. 

We report here the result of escalating 
dose of CB (0.75 to 1 g/m2) with fixed dose 
ARAC (5 g/m2) and VP16 (0.5 g/m2) given 
over 5 days in 28 patients with poor risk 
acute leukemia. 

In the light of recent data reporting that 
Carboplatin AVC (mg/ml X min) is asso
ciated with hematological, extrahematologi
cal toxicity and efficacy,AVC were calculat
ed retrospectively and data will be presented 
accordingAVC range. 

Treatment Protocol 

Induction course included VP16 0.1 
g/m2/day during 5 days (1-h infusion), 
ARAC 1 g/m2/day during 5 days (6-h infu
sion) and CB at 0.150-0.175 or 0.2 g/m2/day 
during 5 days (CI), G-CSF was given from 
day 10 (day 1 = first day of therapy) to day 
20. If bone marrow aspiration showed blas
tic involvement at day 20, G-CSF was 
stopped. If aspiration showed hypoplasia 
without blastic cells, G-CSF was continued 
until neutrophil recovery (2': 0.5 X 10e9/1). 

Response was evaluated with Preisler cri
teria: CR, absolute resistance, relative resis
tance (PR), regeneration failure (hypoplasia 
without blast), death in aplasia [9]. 

Dose escalation interpatient was conduc
ted if 3/5 patients without protocol violation 
did not show grade 3/4 toxicities or related 
procedure death defined as prohibitive toxic
ities. Phase II trial included additional pa
tients at the MTD level. Consolidation course 
included the same drug combination given 
for 3 days during for patients in CR or PRo 

Results 

Patients 

Twenty eight patients entered the study. Me
dian age was 42 years (22-58), 15 females, 13 

males. There were 19 acute myeloid leukemia 
(AML) (16 AML without antecedent of CGL 
or MDS phase, 1 CGL blastic phase, 2 MDS 
blastic phase,MO, 1,2 = 10 patients; M4,5 = 8; 
M7 = 1),9 acute lymphoid leukemia (ALL). 

Three patients were untreated (3 blastic 
phase of MDS or CGL); 4 patients were re
fractory to 2 induction courses; 21 patients 
were in relapse, 12 had received bone mar
row transplantation previously (2 allogene
ic; 10 autologous). Only 5 patients had CR1 
longer than 1 year. 

Karyotype was evaluable in 25 patients: 10 
had unfavorable karyotype [t(9;22) = 6; 
t(4;11) = 1; -5 = 1; -7 = 2].9 had normal kar
yotype, 6 had undetermined prognostic ab
normality [t(14;19) = 1; t(3;12) = 1; + 13 = 1; 
(-11;+21) = 1; -15 = 1; +1 = 1]. 

Phase I included 19 patients (7 level 0.75,6 
level 0.875, 6Ievel1g/m2). Four patients had 
protocol violation but received at least 80% 
of the planed dose and are kept for analysis. 
Prohibitive toxicities occurred in 1/5 pa
tients without protocol violation at level 0.75 
and 0.875 respectively but in 0/6 patients at 
level 1 g/m2 which was chosen for the phase 
II trial and included 9 patients. 

Carboplatin area under curve (CB AVC) 
(mg/ml X min) was evaluated retrospective
ly using the Calvert formula (10). 

CB dose = AVC X (GFR X 25) 
GFR = Glomerular filtration estimated by 

the creatinine clearance at day 1 
25 = average non renal clearance for adult. 
Median AVC was 13 mg/ml X min (9.5-

20) for the whole cohort of patients. Because 
there were no discernable difference 
between the different levels, hematological 
and extrahematological toxicities are pre
sented according AVC defined arbitrarily as 
low:::; 12 (n = 8); intermediate> 12-> 15 (n = 
11) or high 2': 15 (n = 9) (Table 1). 

Toxicity 

Hematological Toxicity. Six patients (21%) 
died in aplasia - median Day 14 (8-26); 1 
sudden death, 4 sepsis-associated deaths (E. 
coli, Streptococcus, Candida, Aspergillo
sus), 1 diffuse intravascular coagulopathy 
syndrom. Hematological recovery is obvi
ously associated with leukemic response, 
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Table 1.CB AVC according to the different CB Level 

VPN CBdose Mean Med. 
g/m2 (±SEM) (Range) 

ptl to 7 0.750 12.2 12 
n=7 ± 1.6 (10-15) 

pt 8 to 13 0.875 12.9 10 
n=6 ±3.S (9-5-20) 

pt 14 to 28 15 13 
n= 15 ±2.S (12.5-20) 

Total 13 
n=28 14±3 (9.5-20) 

Table 2. Neutropenia duration 

AVC 
Low::S 12 

< 0.1 X lOe9/l n=S 
n=22/22 10 (4-24) 

< 0.5 X 10e9!1 n=S 
n = 19/22 22 (16-26) 

Thrombopenia duration 

AVC 
Low::S 12 

< 20 X 10e9/l 20 
n=22/22 (15-26) 

however, 86% (19/22) of the patients had 
some degree of reconstitution (PN 2: 0.5 X 
10e9/1 - PIt 2: 20 X 10e9/1). Duration of 
grade 4 neutropenia « 0.5 X lOe9/l) and 
grade 4 thrombopenia « 20 X lOe9/1) was 
24 (13/45) and 25 (8-45) days respectively 
without difference between patient AUC 
(Table O. 

Documented infection occurred in 18 pa
tients with 8 septicemia (3 Streptococcus, 3 
Staphylococcus, E. coli, 1 candida) and 18 
major local infections (9 pulmonary infec
tions - 3 aspergillosis, 6 interstitial pneu
mopathy - 6 stomatitis/gingivitis, 1 perineal 
infection, 1 conjunctivitis). 

Extrahematological Toxicity. Fourteen pa
tients presented grade 3/4 extra-hematolog
ical toxicities: 3/8 (37%) atthe low AUC,5/11 
(45%) at the intermediate AUC, 6/9 (66%) at 
the high AUC (Table 3). 
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AVC AVC AVC 
Low::s 12 Intermediate High 2:: 15 

> 12->15 

5 1 1 
(71 %) (14%) (14%) 

3 1 2 
(50%) (16%) (34%) 

0 9 4 
(60%) (40%) 

n=8 n= 11 n=9 

AVC AVC 
Inter> 12-< 15 High 2:: 15 

n= 11 n=6 
17 (10-45) 16 (14-77) 

n=9 n=S 
24 (13-45) 18 (18-31) 

AVC AVC 
Intermediate High 2:: 15 

> 12-< 15 

26 20 
(8-45) (9-35) 

Three patients (10%) had major renal fai
lure. One patient (AUC: 13) had grade 3 toxi
city in the context of septic shock. In the two 
other patients, creatinine increased at day 8, 
one patient (AUC: 15.5) died anuric at day 12 
of E. coli septicemia with grade 3 diarrhea, 
one patient (AUC: 20), required dialysis at 
day 19, died in aplasia with Candida septice
mia at day 21. This patient cumulated also 
grade 3/4 diarrhea, mucositis, hepatitis. In 
the etiology of this major renal failure, it 
should be noted that the patient had re
ceived amino glycoside and Vancomycin 
during Carboplatin administration. 

Major grade 3/4 neurological toxicities 
occurred in 5 patients (17%),3 were related 
to sepsis (2 septic shock; aspergillosis), 1 to 
haemorrhage, 1 patient developed transient 
monoparesia « 8 h). 

Grade 3/4 diarrhea and mucositis oc
curred in 21 and 28% of the patients respec-



Table 3. Extrahematological toxicity 

AUC AUC AUC 
Grade 3/4 Low:=; 12 Inter> 12-< 15 High ~ 15 

n=8 n= 11 n=9 

Renal 010 110 0/2 

Hepatic 2/0 III 2/0 
Mucositis 2/0 2/1 112 

Neurotox. 011 110 0/3 
Total 6/1 8/2 5/8 

Patients with 
grade 3/4 3/8 5111 6/9 
toxicities (39%) (45%) (66%) 

Table 4. Responses 

Death in Absolute PR Regeneration CR 
aplasia failure failure 

ALL-n=9 3 2 2 Ib (l1%) 1 (11%) 

AML-n= 19 3 9 1 3 3 
wo atcd MDS-CML - n = 16 3 6 1 3 (18%) 3 (18%) 

MDS-CML BP - n = 3 0 3 0 0 0 

Totaln=28 6 11 3" (10%) 4 (14%) 4 (14%) 

"None of the PR was maintained at day 28 of consolidation course. 
b This patient was aplastic (0.5 X lOe9/l WBC) at D45. Progressive aspergillosis led to infusion of peripheral 

blood stem cell collected during CRl. He died at day 90 without leukemic progression. 

tively for a median of 9 days [8-15]. Hepatic 
toxicity was modest. 

Responses. Complete responses occurred in 
4 patients (14%) (1/9 ALL = 11 %; 3/19 AML 
= 16%). None of the 3 partial responses were 
maintained at day 28 of the consolidation 
course. Regeneration failure occurred in 4 
patients (l/9 ALL = 11 %; 3/19 AML = 16%, 
Table 4). 

No patient with refractory or untreated 
poor risk leukemia obtained any degree re
sponse. 

Median time to progression for the 8 pa
tients in CR or regeneration failure was 2 
months (2-6 months). Six patients had not 
received any other therapy, 1 ALL [t(9;22)] 
had received alpha Interferon for 5 months, 1 
AML received autologous bone marrow 
transplantation after consolidation. 

No correlation between AUC of the re
sponders (CR or regeneration failure) or 
non-responders were discernible. 

Discussion 

Prolonged aplasia had been regularly re
ported for patients - including acute leuke
mia - receiving Carboplatin at dose ::::: 1.5 
g/m2 [5-8, 11]. On the contrary, several au
thors emphasized the scarce extra-medul
lary toxicities [5-8], although increased gas
trointestinal toxicities had been reported 
with the association to VP16 [12-17]. 

At conventional dose (0.3 g/m2), a wide 
range Carboplatin AUC are reported among 
patients and AUC is correlated with mye
lotoxicity. Recommended AUC for standard 
therapy for solid tumor is 5 mglml X min. 
Without stem cell support, Carboplatin has 
been escalated up to 800 mg/m2 [11]. High 
dose Carboplatin 1.2 to 2 g/m2 can also be 
given safely alone or in combination with 
the support of stem cells and optimal effi
cacy is defined for AUC 18 mglml X min 
[11, 18].Dose above AUC 18 were associated 
with excessive peripheral neuropathy. 
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Median AUC for the present study was 13 
mg/ml X min, not surprisingly with a wide 
range from 9 to 20 without significant differ
ence between CB level 0.5,0.875 or 1 g/m2. If 
dose optimization is critical for carboplatin 
activity and toxicity in leukemia as it is in 
solid tumor, data should be reviewed ac
cording delivered CB AUC. 

Hematological toxicity is difficult to as
sess because most of the patients were hea
vily preatreated (43% bone marrow trans
plantation) and that recovery is associated 
with leukemia response. Most of the patients 
had anyway some degree of neutrophil and 
platelet reconstitution. Duration of grade 4 
neutropenia and thrombopenia was pro
longed [24 days (8-45)] without any diffe
rence between the three AUC categories (low 
= ::5 12 mg/ml X min; intermediate = > 12 
« 15 and high 2: 15) probably because sub
stantial high CB dose and other drugs were 
given at any levels. Grade 3/4 extrahemato
logical toxicities occurred in 37,45 and 66% 
of patients with low, intermediate and high 
AUC, respectively. It is difficult to assess for 
hepatic or mucosal and gastrointestinal tox
icities the respective responsabilities of ei
ther CB or AraC and VP16. Grade 3/4 muco
sitis occurrence is interestingly low, with 
28% incidence, when compared to salvage 
therapy combining anthracyclines to VP16 
andARAC (40-60%). 

Grade 3/4 renal toxicity occurred in 3 pa
tients (0, 10,22% of patients with low, inter
mediate and high AUC respectively). The 
two patients who died anuric or required di
alysis had 15.5 and 20 mg/ml X min AUC 
values respectively. Both patients were sep
tic but creatinine increase preceeded diag
nostic of documented infection. The patient 
with the higher AUC -level 0.875 - cumula
ted also grade 3/4 hepatic, mucosal and gas
trointestinal toxicies. This patient received 
antibiotics including aminoglycosides and 
Vancomycine during the administration for 
CB which probably participated to the renal 
toxicity. The last patient developed grade 3 
toxicity after diagnosis of Streptococcus in
fection in parallel with hemorrhagic cystitis 
and recovered completely within 8 days. Pi
lot trial of CB for acute leukemia had regu
larly pointed out the scanty extra-hemato
logical toxicities. However, Vogler had al-
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ready reported 17% of grade 3/4 renal toxic
ity in 46 patients treated with 1575 g/m2 [8]. 

Complete response (CR), partial response 
(PR) and regeneration failure (RF) were ob
tained in 14, 10 and 14% of the patients. All 
the partial responders progressed during 
the consolidation course. Duration of re
sponse for CR and patients with regenera
tion failure was 2 months (2-6 months). CR 
rate for patients with durable first CR 2: 12 
months was 40% (2/5) and opposed to 12% 
(2/16) for patient with first CR < 12 months. 
These results are superposable to the litera
ture data for other salvage regimens. 

Conflicting studies of association with 
VP16 have already reported CR rates rang
ing from 0 to 40% [13-15]. One study had re
ported interesting 40% CR rates of CB and 
AraC combination [16]. 

In conclusion, CB AUC in this study vas 
not correlated to leukemic response but was 
associated to grade 3/4 renal, gastrointesti
nal and hepatic toxicities in 1 patient with 
AUC value above 18 mg/ml X min. 

These data provide argument to deliver 
optimized dose of CBC according AUC value 
around 18 to 16 mg/ml X min as already per
formed in solid tumors and to recommend 
exclusion of nephrotoxic drugs concurrent 
to CB administration in future trials. 
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Abstract. Polymerase Chain Reaction (PCR) 
on Immunoglobine heavy chain and T-cell
receptor can be applied for the detection of 
Minimal Residual Disease (MRD) in chil
dren with B-precursor Acute Lymphoblastic 
Leukemia (ALL). We have previously shown 
that the presence of PCR detectable malig
nant cells at the end of induction therapy is 
strongly correlated with occurrence of a re
lapse. We currently investigate whether the 
predictive value of PCR can be increased by 
quantification of MRD during induction 
therapy. 

A patient-specific nested PCR for tumor
specific Immunoglobine (IgH) and T-cell re
ceptor gene (TCR) on two-fold diluted DNA 
samples (20 replicate experiments) is used 
in limiting dilution to detect leukemic cells. 
As this PCR can detect a single cell, the num
ber of positive PCR-reactions at a certain di
lution endpoint measures the number of re
sidual leukemic cells using Poisson statis
tics. The applicability of this approach was 
evaluated on bone marrow samples taken at 
diagnosis and during remission of a child 
with oligo clonal (on Southern Blot analysis) 
B-precursor ALL. 

At first remission the bone marrow con
tained residual ALL-cells between 4 X 10-3 

and 5 X 10-4 cells. As multiple rearrange
ments were found in this oligo clonal patient, 
we tried to quantify each clone separately. 

We were able to demonstrate the different 
behaviour in reduction during therapy of 
each clone. The clone which grew out during 
relapse, showed the slowest response during 
induction therapy. 

We conclude that precise quantification of 
MRD during induction therapy can be in
vestigated by application of a tumor-spe
cific-IgH/TCR8-PCR on serially diluted 
DNA samples. Based on the results of MRD 
detection for the various clones in this oli
go clonal patient, we conclude it may be nec
essary to use multiple markers for MRD, also 
during induction therapy. 

Introduction 

Although progress in the therapy of chil
dren with ALL has resulted in an improved 
survival up to 70-80%, still 20-30% relapse 
despite the current risk-adapted ALL treat
ment protocols. Standard treatment of 
childhood ALL consists mainly of a course 
of intensive (remission induction) chemo
therapy and central nervous system (CNS) 
prophylaxis, followed by low dose mainte
nance therapy for two years. Sometimes a 
consolidation course is included in the pro
tocol. More intensive treatment is given to 
patients identified as high risk patients, e.g. 
children with high initial leukocyte count, 
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young age, particular chromosomal aberra
tions. 

Haematologic remission in ALL is defined 
as fewer then 5% lymphoblasts in bone mar
row, examined on standard morphology. 
However, these patients may still harbour as 
many as 1010 neoplastic cells. The detection 
of cytomorphological techniques is 1 to 5% , 
which implies that these techniques can pro
vide only limited information about the ef
fectiveness of therapy. Other techniques i.e. 
morphology, immunology, cytogenetics and 
Southern blotting also have a relatively low 
sensitivity. PCR enables the detection at low
er levels, down to 10-3 to 10-6 (1000 to 1 leu
kemic cell in 106), if targeted at leukemia
specific sequences such as junctional re
gions of rearranged immunoglobin (IgH) 
and T-cell receptor (TCR) genes or break
point fusion regions of chromosome aberra
tions. PCR analysis of junctional regions of 
IgH and TCR genes is informative in 90% of 
B-precursor ALL and virtually all T-ALL . It 
was demonstrated that presence of MRD at 
the end of induction therapy predicts long
term outcome in ALL [1,2,3]. Precise quan
tification of cell reduction after initiation of 
therapy to document the speed in reduction 
of leukemic mass, probably give more spe
cific information about the effectiveness of 
therapy given and as a result on the predic
tive value of MRD testing. Also other studies 
indicate the relation between the level of 
MRD and the probability of a relapse-free 
survival. It is even suggested that a level of 
MRD > 10-3 at diagnosis may correspond 
with poor prognosis and occurrence of re
lapse [4]. 

Although leukemia is a monoclonal pro
liferation, Southern blot analysis of leuke
mic cells at diagnosis shows that a consider
able number of patients (30-40%) present 
with a oligo clonal leukemia in respect to the 
IgH gene configuration [5,6] and even 85% 
of the patients is oligo clonal at PCR level [7]. 
Oligoclonality is the major drawback of 
MRD detection using antigen receptor 
clone-specific oligonucleotides. However, it 
is generally assumed that clonal evolution 
and outgrowth of new clones occurs in the 
follow-up of the disease and that oligoclo
nality is not hampering the PCR approach in 
the beginning of the disease. This would im-
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ply that the response on induction therapy 
could be measured using a single marker. 
However it has never been investigated 
whether the different subclones at diagno
sis, respond equally on induction therapy. 
Selection of a relatively resistant clone al
ready during induction therapy might be of 
importance for this. Performing PCR analy
sis the several clones can be analysed separ
ately in order to detect such a mechanism. 

In the present study, we demonstrate in 
one patient with oligo clonal ALL that the 
different clones did not behave similar in re
spect to reduction during therapy. We con
clude that it is important to follow the vari
ous clones, by the use of multiple markers, 
specific for each clone. 

Methods 

Patients and Materials 

The bone marrow samples from a child with 
B-precursor ALL treated in the Emma Kin
derziekenhuislAMC were obtained at diag
nosis, at the end of induction therapy (28 
days of treatment) and at relapse. Immuno
phenotypic and cytogentic analysis was rou
tinely performed at diagnosis or relapse us
ing standard techniques. 

This patient was selected on basis of oli
goclonality as identified by means of South
ern blot analysis. Oligoclonality was diag
nosed in case the restriction fragment 
length pattern either the number of bands 
exceeded the number of chromosome 14 
copies per cell or in case there were extreme 
differences in intensity of the bands, indica
tive of the existence of subpopulations. The 
first was the case in this selected patient. 

The patient was treated according to the 
BFM strategy based protocol ALL-VIII from 
the Dutch Childhood Leukemia Study 
Group (DCLSG) [8]. Induction therapy (28 
days) included prednisolone, vincristine, 
daunorubicine and asparaginase, addition
ally methotrexate, prednisolone and cytara
bine were administered intrathecally. CNS 
prophylaxis and consolidation treatment 
contained high dose methotrexate, adriamy
cin, asparaginase, cyclophosphamid, cytara
bine, 6-thioguanine and intrathecal medica-



tion as previously described. Maintenance 
therapy included 6-mercaptopurin and me
thotrexate. Total duration of treatment was 2 
years. 

DNA Isolation 

The mononuclear cell fraction was isolated 
by Ficoll-Hypaque density gradient centrif
ugation. DNA isolation was performed using 
the QIAamp Blood Kit. 

Digestion was performed with QIAGEN 
Protease, used in conjunction with lysis buf
fers provided by QIAamp Blood Kit. DNA 
was purified on QIAamp Spin Columns and 
adsorbed onto the QIAamp silica membrane 
in a brief centrifugation step. Purified DNA 
is eluted from the QIAamp Spin column in a 
low salt buffer AE. The highly concentrated 
DNA was stored at -20°C [9]. 

Southern Blot Analysis 

High molecular weight DNA was isolated ac
cording to standard procedures [ 10]. Ten 
microgram of DNA was digested with the 
appropriate restriction endonucleases (Pro
mega, Madison, WI) and transferred onto 
nitrocellulose filters (Schleicher en Schuell, 
Dassel, Germany). Hybridization and wash
ing conditions were as described previously 
according to standard procedures [11,1]. 
The H24 probe is a 2.8-kb EcoRIIBglII re
striction fragment [12]. The Jol probe is a 
1.5-kb Sad/Sad restriction fragment [13] 
and was kindly provided by J.J.M. van Don
gen (Erasmus University, Rotterdam, The 
Netherlands) . 

Prevention of Cross Contamination 

In order to prevent cross contaminations, all 
pre-PCR procedures (DNA isolation, prep
aration of PCR stock solutions) were per
formed in specially assigned rooms, spatial
ly separated from the post -PCR laboratory. 
Addition of the DNA template to the (miner
al oil sealed) PCR mixes was performed in a 
laminar flow hood, using aerosol resistant 
filter tips. 

PCR Reactions 

All primers were synthesized on a DNA 
synthesizer (Applied Biosystems model 392; 
Palo Alto, CA, USA) and purified with oligo
nucleotide purification cartridges (Applied 
Biosystems, Foster City, CA, USA). Immu
no globin heavy chain genes were amplified 
by PCR with consensus primers for the 
framewotk region 3 (Fr3) and a consensus 
joining primer Oh21). 

Reactions were performed in mixtures as 
previously described [1]. The input of ge
nomic DNA was 1 Ilg per reaction. The PCR 
reaction protocol was done in a thermal cy
cler (Perkin Elmer Cetus Model 480; Nor
wik, CT, USA) and consisted of 10 min at 
95°C followed by 35 cycles of 30 s at 95°C, 
45 s at 55°C and finally 5 min at 72 0c. 

Direct Sequence Analysis ofVhDJh Junctional 
Regions 

PCR product was size separated on a 20 x 20 
cm 8% acrylamidegel. Positive bands were 
excised from the gel. The product was eluted 
from gel slices for 1 h at 55°C in 50 III water. 
One microliter of the elution volume was 
used as a template for 30 cycles of reamplifi
cation with the original primers. Two micro
liters of second-round PCR product were di
rectly used as a template in the sequencing 
reaction. Twenty cycles of 10 s at 95°C and 
lOs at 65°C were performed with the Brl se
quencing kit (BRL, Gaithersburg, MD, USA), 
using one of the PCR primers, end labeled 
with 32p (Amersham, UK). Products were al
ways sequenced on both strands in order to 
eliminate sequencing artefacts. 

Development of Allele-Specific Primers 
and Detection of MRD 

The sequence of oligonucleotides of the 
junctional regions of rearranged Ig and TCR 
genes are assumed to be different in each 
lymphocyte and thus also in each leukemia. 
By sequence analysis, it is possible to deter
mine each sequence and to develop allele
specific primers as a tumor marker for each 
clone. Initially, a two-round seminested al-

997 



lele-specific PCR was done. In the first 
round, IgH and TCR junctional regions were 
amplified with the consensus primers Fr3 
and Jh21. In the second round, a semi-nested 
PCR was performed, using the allele-specific 
primer in combination with the consensus 
primer Jh21. PCR mixtures and the PCR pro
tocol of the first PCR reaction were as de
scribed above. 

The second semi-nested PCR had an in
put of 2 fll of PCR product of the first PCR re
action. PCR mixtures were the same. After 
testing the allele-specific primers at differ
ent temperatures, we concluded that 60°C 
was the ideal temperature for these primers. 
For this reason, the temperature in this PCR 
protocol had slightly changed. The reaction 
protocol consisted of 10' 95°C, followed by 
35 cycles of 30 s at 95°C and 45s at 60°C, and 
finally 10 min at 72 0c. 

Ten microliters of PCR products of the 
second PCR reaction were size separated by 
electrophoresis over 10% acrylamide mini 
gels (Hoefer Scientific Instruments, San 
Francisco, CA, USA) and were made visible 
by ethidium bromide staining. 

Liquid Hybridization 

Hybridization was as previously described 
[13]. Oligonucleotides, complementary to 
IgH-DJh and TCR V82D83 junctional re
gions were synthesized on a DNA synthesiz
er (Applied Biosystems model 392). Hybrid
ization mixtures were prepared in 0.5 ml Ep
pendorfTubes and contained 5 fll PCR prod
uct, 4 fll 20 x SSC (standard saline citrate) 
and 30 fll water. Unpurified oligonucleotide 
(80 ng) was end-labeled with 40 fll Ci 32p_ 

gamma dATP and non-incorporated nucle
otides were removed with a sephadex G-50 
column. Approximately, 1 ng oligonucleo
tide (1 fll) was added to the hybridization 
mixtures, which were subsequently covered 
with mineral oil. The hybridization reac
tions were performed in a thermal cycler 
(Perkin Elmer Cetus model 480). The proto
col was identical for all oligonucleotides and 
consisted of 10 min at 95°C followed by 15 
min at 60 °C and cooling to 20°C. Ten micro
liters of hybridization mixture were size sep
arated by electrophoresis through 10% acryl-
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amide mini-gels in order to separate free oli
gonucleotides from the oligonucleotide/ 
PCR product complexes. Gels were dried 
and films exposed at -70°C with intensify
ing screens for 24-48 h. 

Quantification of MRD Levels by Limiting Dilution 

Limiting dilution assays were performed 
with a two-round-patient-specific PCR on 
two fold diluted DNA samples to quantify 
leukemic residual cells. 

Since this PCR is able to detect a single 
cell, the number of positive PCR reactions at 
a certain dilution is distributed according to 
a Poisson distribution and as such quantifi
cation of the malignant cells is possible. Pre
liminary experiments with five fold dilu
tions of DNA-samples in water were per
formed in five fold to find out at which dilu
tion the PCRs become negative. Subsequent-
1y' two fold serial dilutions are made to ex
amine at which dilution the PCR actually be
comes negative. These two fold dilutions 
range from the highest preliminary dilution 
showing amplification to the lowest prelimi
nary dilution not showing amplification in 
the five fold diluted samples [15]. The semi
nested patient-specific-PCR was performed 
in 20 replicate experiments per dilution. 
Each PCR-product was made visible after gel 
electrophoresis and ethidium bromide 
staining. 

Statistical analysis was performed using 
Poisson Statistics [16, 17]. 

Results 

The results of one oligo clonal patient who 
was diagnosed at the age of 1.2 y and experi
enced a relapse 11 months after initiation of 
therapy. Karyotyping was as followed: 46XY, 
t(x;12)(p II;q 12-13 )del( 1)( q31;q44)t(7;9) 
(q21 ;p21) [24]. Immunophenotype analysis 
(CDlO+, CDI9+, TdT+ and cIgM+) showed a 
precursor-B-ALL. 

Southern blot analysis with the IgH probe 
(H24) on high molecular DNA isolated from 
diagnosis bone marrow samples showed the 
presence of a weak germline and three rear
rangements. These three rearrangements 



Table 1. IgH rearrangements as determined by peR 

Primer p125-1 p125-2 p125-3 p125-4 p125-R 

IgH at diagnosis +++" +++ +++ +++ + 

IgH at relapse +++ +++ 

"+++ major clone, + minor clone, - no clone detected. 

Tabel2. Results of limiting dilution experiments 

Patient at diagnosis 

Input no of cells" 160 80 40 20 10 5 2.5 1.25 0.625 0.312 

Primer: 

p125-1 16b 10 4 5 2 
p125-2 18 15 13 8 3 2 
p125-3 19 18 16 14 6 2 
p125-4 20 18 9 10 6 1 
p125-R 17 17 7 6 2 

Patient during remission 

Input no of cells" Undiluted 1280 640 320 160 80 40 20 
160000 

Primer: 

p125-1 Ob 0 0 0 0 
p125-2 17 13 10 3 
p125-3 20 19 10 6 2 
p125-4 2 2 0 
p125-R 20 18 15 6 3 

"The number of cells were estimated assuming that 1 flg of DNA was isolated from 160000 cells. 
b Number of positive experiments out of 20 experiments, as performed for each dilution. 

were of different intensity: one major rear
rangement (R3) and two minor rearrange
ments (rl, r2), seen as faint bands. The J31 
probe did not reveal any rearrangements. 
Since this patient had only two chromo
somes 14, oligoclonality was proven, with 
only rearrangements of the IgH-gene. At re
lapse Southern blot analysis revealed a 
germline pattern but a different pattern of 
rearrangements. The major rearrangement 
R3 was still present as a major band. In con
trast, the minor rearrangements rl,r2 were 
not detected and a new rearrangement (R), 
of the same intensity as the rearrangement 
R3, was seen. 

To identify small subclones below detec
tion level for Southern blothing and also to 
determine the IgH rearrangements of the 
clones as seen on the blothing of samples 
taken at diagnosis and at relapse, we PCR 

amplified and sequenced Vh -D-Jh and D-Jh 
rearrangements with a panel of Vh-family
specific Frl-primers (Vhl-6), D-family spe
cific-primers (DLR, DXP, DN, DK) and a 
consensusVh-Fr3 primer in combination 
with Jh primers. Results are shown in Table 1. 

PCR analysis at diagnosis resulted in 7 re
arrangements, consisting of 4 major (named 
p 125-1/2/3/4) and 3 minor clonal rearrange
ments (pI25-R/5/6). Sequential analysis of 
pI25-4/R/5/6 showed related sequences re
sulting from Vh-replacements with identical 
D-J joinings. The clonal rearrangements 
pI25-1/2/3 were unrelated. The precise nu
cleotide sequence of each junctional region 
of the IgH gene was determined by sequence 
analysis. Subsequently allele-specific prim
ers, complementary to the CDR3 region of 
IgH, were designed. With these primers, we 
amplified all leukemic rearrangements in 
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Table 3. Statistical analysis of results of limiting dilution 

Primer % incidence Standard 
at diagnosis deviation 

p125-1 0.9 0.6-1.2 
p125-2 15.4: 11.4-21.0 
p125-3 54.2 40.4-72.8 
p125-4 18.4 13.8-24.8 
p125-R 2.9 2.1-4.0 

DNA from bone marrow obtained from the 
patient at relapse. In relapse material, two 
major clonal rearrangements (pI25-3/R) 
were present. The clonal rearrangement 
p125-3 was already present as a major clone 
at diagnosis. Rearrangement p125-R was a 
minor clone at diagnosis but presented as a 
major clone at relapse. 

To quantify each clone and to follow the 
growth kinetics of each clone, we performed 
a two-round PCR with the specific primers 
in serial dilutions of samples taken at diag
nosis and at the end of induction therapy. 
The patient was morphologically in com
plete remission at the end of induction ther
apy. Levels of MRD varied from 1 x 10-2 to 1 X 

10-6• Results in detail are shown in Table 2. 
The statistical analysis of the results, as 

shown in Table 3, indicated that P125-3 was 
the most important and largest clonal rear
rangement at diagnosis, i.e., 54%. Rear
rangement p125-R was a small clone at diag
nosis, with an appearance rate of 2.9%. 

At the end of induction therapy, all rear
rangements were detectable at a much lower 
level (10-2-10-3 ) than at diagnosis.(l 0-5_ 

10-6). The rearrangements p 125-1 could not 
be detected. Proportionally, rearrangement 
p125-3 was still the largest rearrangement 
with an appearance rate of 0.6%. 

P125-R showed relatively the smallest re
duction in response to therapy, as this rear
rangement was present in 0.6% of the cases. 

Discussion 

Previous studies [1,4,18] show that evolu
tion of MRD is an independent predictor of 
outcome. As sensitivity of PCR techniques 
varies between 1 x 10-4 to 1 x 10-6 , during the 
past years it has become clear that there is a 
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% incidence at Standard Reduction 
remission deviation factor 

90 fold 
0.3 0.2-0.4 51 fold 
0.6 0.2-0.4 90 fold 
0.03 0.01-0.09 613 fold 
0.6 0.5-0.8 48 fold 

need for more precise quantification of re
sidual malignant cells. Assessment of the ef
fectiveness of new treatment protocols can 
by this means be done more adequately and 
eventually allow a better stratification ac
cording to risk groups. 

Several groups tried to develop PCR
based techniques to quantify MRD. Limiting 
dilution is one of the principles to reach this 
goal [15,18]. It is based on all-or-none end
point results at higher dilutions and on the 
premise that one or more targets in the reac
tion mixture always give rise to a positive 
end -point. Accurate quantitation is achieved 
by performing multiple replicates at serial 
dilutions of the samples. In the present study 
we show that limiting dilution is a very accu
rate method to follow and quantify MRD in 
leukemic patients. The main limitation 
comes from its principle i.e. the high num
ber of simultaneous tests that have to be per
formed, since the random distribution of 
targets follows Poisson's law at the dilution 
end-point. As a results this method is rather 
laborious and has to be adapted for routine 
testing. 

Precursor-B-ALL was assumed to be a 
monoclonal proliferation. However, South
ern blot analysis of leukemic blasts has 
shown that in 30-40% of patients the leuke
mia is oligo clonal in respect to the IgH/TCR 
configuration [5,6]. 

In the present study, we analysed in detail 
one patient with precursor-B-ALL who 
showed to be oligo clonal on Southern blot 
analysis and by PCR analysis as multiple IgH 
rearrangements were detected. The 5 clonal 
rearrangements were different in occur
rence and growth kinetics during therapy. 
Clonal rearrangements were detectable at 
MRD levels of 10-5_ 10-6 at diagnosis. In re
mission there was a reduction of approxi-



mately 3 log leading to detectable MRD lev
els of 10-2_ 10-3• From the four major rear
rangements at diagnosis only one major re
arrangement (R3) was detected at remis
sion/relapse. The now three rearrangements 
became detectable in very small amounts. A 
minor clone (barely detectable at diagnosis), 
became more predominant in remission 
samples and in relapse samples later. 

These results illustrate that each clone has 
a different pattern of growth and reduction. 
It also shows the importance of following 
each leukemic rearrangement in oligo clonal 
patients, already during the disease. 
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Monitoring of Minimal Residual Disease in Childhood Acute 
Lymphoblastic Leukemia - Preliminary Data from a Prospective Study 

T.SERIU1, W.-D.LuDWld,M.SCHRAPPE3,D.ERZ1, Y. STARK1 and C.R. BARTRAMI, 

for the German BFM Study Group 

Abstract. Minimal residual disease (MRD) 
was evaluated in bone marrow samples 
prospectively obtained from children with 
acute lymphoblastic leukemia (ALL) during 
complete remission (CR), using allele-spe
cific markers based on junctional regions 
generated through the recombination of T
cell receptor 8 (TCR8), TCRy, immunoglob
ulin K (IgK) chain or sil-tal genes. Suitable 
TCR8, TCRy, IgK and sil-tal recombinations 
were identified by Southern blot analysis in 
27/29 (93%) T-ALL and 152/174 (87%) pre
cursor-B ALL patients. Two or more inde
pendent markers were available in 156/203 
(77%) cases. Allele-specific oligonucleotides 
(ASO) were used either as clonospecific 
probes or primers and reached a detection 
level between 10-4 to 10-6 in 192/212 (91%) 
recombined alleles. Six hundred and forty
one remission samples from 112 cases (20 
relapsed, 92 in continuous CR) have been 
analyzed so far. MRD was demonstrated 
during a period of 6 months after diagnosis 
in the vast majority of patients who relapsed 
during the course of treatment. In contrast, 
88% of the patients who remained in contin
uous CR became PCR-negative within 3 
months of treatment. Remarkably, 58% of 
them achieved PCR-negativity within 1 
month. Our data suggest that the MRD stat
us at 3 and 6 months after diagnosis may 

represent a clinically relevant parameter for 
a second stratification of childhood ALL. 

I ntrod uction 

Due to recent advances in the treatment of 
acute lymphoblastic leukemia (ALL), a clini
cal complete remission (CR) can be induced 
in the vast majority of children. A cure rate 
of 75% is achieved by chemotherapy alone 
[1,2]. However, relapse continues to be the 
major reason for treatment failure, and is 
caused by the proliferation of residualleuke
mia cells that are not eradicated by therapy. 
Of those patients eventually cured, there is a 
group, as yet insufficiently characterized, 
who may in fact receive overtreatment 
which could leave them to face long-term 
adverse effects. In this context PCR strate
gies utilizing V(D)J junctions of rearranged 
TCR or Ig loci as clonospecific markers have 
been introduced for the detection of mini
mal residual disease (MRD) in ALL [3-5]. 
Current PCR protocols allow reliable detec
tion of one leukemia cell among 104 to 106 

normal cells in more than 90% of ALL cases, 
and are expected to provide novel criteria 
for the individualization of treatment mo
dalities. The majority of previous MRD 
studies were performed retrospectively [6-
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8]. Although some general conclusions have 
been drawn from these investigations, sev
eral of the shortcomings associated with a 
retrospective study, such as case selection, 
hamper a balanced interpretation of the 
data. Therefore, a prospective PCR trial was 
initiated by the German ALL-BFM Study 
Group as a joint effort of the European BFM 
Trial. Here we report on the current status of 
this MRD study. 

Material and Methods 

Cells 

After informed consent bone marrow (BM) 
and peripheral blood (PB) samples were ob
tained from 203 children with ALL (17 4 pre
cursor-B ALL and 29 T-ALL) who were en
rolled in the multicenter ALL trial ALL-BFM 
90 of the German Berlin -Frankfurt -M iinster 
(BFM) study group between 1991-1993. 
These patients were selected based on the 
availability of cryopreserved cell samples 
from initial diagnosis and complete remis
sion. Methods and criteria for the definition 
of immunophenotypes have been previous
ly described [9, 10]. Leukemia cell samples 
contained more than 90% of blasts. 

Southern Blot Analysis 

High molecular weight genomic DNA was 
prepared from cryopreserved cells. TCR<5, 
TCR y, IgK and sil rearrangements were iden
tified by Southern blot analysis as reported 
previously [11], using the TCRDJ1, Jy1.3, 
J-yZ.1, Kde, KJ5 and sil probe, respectively [12-
16] (kindly provided byProf.J.J.M. van Don
gen; Erasmus University Rotterdam, The 
Netherlands). 

Sequence Analysis of Junctional Regions 

Sequences of the primers used for amplifica
tion or sequence analysis of junctional re
gions have been described elsewhere [11,16-
18] with the exception of the IgK primers; 
IgK -IS' (5' -AGGAGACAGAGTCACCATCAC 
TTG-3'), IgK-II5' (5'-TGGAGAGCCGGCCT 

CCATCTC-3'), IgK-III5' (5'-GGGAAAGAG 
CCACCCTCTCCTG-3'), IgK-IV5' (5'-GGC 
GAGAGGGCCACCATCAAC-3'), IgK-RS5' 
(5' -GTTATTCCCAAAAGCTCAATCTCAA 
AG-3'), IgK-DE3' (5'-CCCTTCATAGACCC 
TTCAGGCAC-3') IgK-DEseq (5'-TTCCTA 
GGGAGGTCAGACTC-3'). 

To isolate junctional regions for consecu
tive sequence analyses 3'-PCR primers were 
biotinylated. PCR, isolation of biotinylated 
amplification products and consecutive se
quence analysis were performed as de
scribed elsewhere [19-20]. All junctions 
were sequenced in both directions. Rear
rangements on both alleles of one patient 
were analyzed according to Breit et al. [18]. 

Detection of Residual Leukemia in Complete 
Remission Samples 

The detection level was determined semi
quantitatively by comparing the strength of 
the signals of the remission samples with se
rial dilutions of the initial leukemic materi
als by usage of either radiolabeled clonospe
cific probes generated via PCR, or allele-spe
cific oligonucleotides (ASO) derived from 
the junctional region as previously de
scribed [19]. ASO were used either as clono
specific probes or clonospecific primers in a 
second round of amplification as previously 
reported (19). 

Results 

Southern Blot Analysis 

Southern blot analysis revealed a TCRyrear
rangement in 98 of 174 precursor-B ALL and 
26 of 29 T -ALL. A TCR<5 rearrangement was 
identified in 110 precursor-BALL and 19 T
ALL cases. Eighty-eight precursor-B ALL 
cases exhibited IgK rearrangements. One T
ALL showed a sil-tal recombination. Thus, at 
least one recombination event at the four 
marker loci was identified in 152 of 174 pre
cursor-B ALL (87%) and 27 of 29 T-ALL 
(93%) cases. Two or more independent rear
rangements were observed in 156 of the 203 
ALL cases. 
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Fig.l A-B. Autoradiograph showing remission status with cionospecific Vo2Do3 probes in two ALL patients 
with relapse (A) and in continuous complete remission (B). Leukemia cell DNA obtained at initial diagnosis 
(D) was seriallr diluted (10-1-10-7) into peripheral blood cell DNA of healthy individuals (C). A constantly 
high amount 0 residual blasts persists in remission samples from case A obtained 1,3 and 6 months after di
agnosis (1-6 m). Case B became PCR-negative within 1 month, and showed no evidence ofMRD over a 3-year 
period (1 m-36). H20, negative control reaction without DNA 

Characterization of Clonospecific Probes 
and Allele-Specific Oligonucleotides 

In line with previous reports, common pat
terns of TCRy, TCRo and IgK rearrange
ments were selected for PCR analysis of the 
junctional regions. Forty-four TCRyand 16 
TCRo junctions were amplified and se
quenced in 27 T-ALL cases. In 152 pre cur
sor-BALLcases 134 TCRy, 132 TCRoand 109 
IgK rearrangements were confirmed by PCR 
and analyzed by direct sequencing. 

The detection limit of allele-specific 
probes or oligonucleotides was tested for 
212 alleles (70 TCRy, 105 TCRo, and 36 IgK 
and 1 sil-tal recombinations). One hundred 
and ninety-two of the 212 tested alleles 
(91 %) exhibited an adequate detection level 
between 10-4 to 10-6• A relatively limited sen
sitivity of 10-3 was observed more frequent
ly for ASOs derived from Igk junctions 
(22%) than for those from TCRy (lO%) or 
TCRo (3%) loci. 
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Detection of Minimal Residual Leukemia 

Six hundred forty-one BM samples were ob
tained from 112 children with ALL in clinical 
complete remission, and analyzed for the de
tection of MRD with independent markers. 
This event could be predicted by PCR in 18 
of 20 relapsed cases. Strikingly, 13 cases ex
hibited a constantly high amount of residual 
blasts (Fig. 1A). At the end of the 9-month 
period following diagnosis 5 patients 
showed PeR-negativity, but demonstrated a 
steady increase of leukemia cells at least 3 
months before clinical manifestation. These 
18 patients relapsed before the completion 
of chemotherapy. Two cases, however, 
showed a long-lasting PCR-negativity until 
late relapse 2 and 7 months after termination 
of treatment. 

The vast majority (88%) of the 92 patients 
who were in continuous complete remission 
became PCR-negative during the first 3 
months of treatment. In fact, 58% of these 
cases became PCR-negative very quickly, 
i.e., within 1 month after the initiation of 



chemotherapy (Fig IB). With the exception 
of 3 cases where there were fluctuating 
amounts of residual blasts around the detec
tion level of PCR, these patients never 
showed PCR-positive results during the clin
ical follow-up. 

Discussion 

In this prospective study we have investigat
ed the presence of MRD in 641 BM samples 
obtained from 112 ALL patients who were 
considered to be in CR according to mor
phological criteria. We were able to charac
terize 178 rearranged TCRy, 148 TCRo, 109 
IgK and 1 sil-tal alleles by PCR amplification 
and consecutive direct sequence analyses. 
To avoid false negative results due to chang
es in TCR and Ig recombination patterns 
during follow-up, at least two independent 
markers should be used to confirm results 
from a single PCR approach in each ALL 
case. Although the frequency of sil-tal re
combination in this study was much lower 
(l/29 T-ALL) than reported previously [16], 
our combination of target genes appears to 
be quite useful, since 77% of our ALL cases 
exhibited two or more independent targets 
for the detection of MRD. 

The sensitivity of the clonospecific probes 
and primers was examined in 212 alleles, 
and 91 % of them achieved a detection level 
of at least 10-4• A relatively low detection lev
el of 10-3 was shown in 22% of the allele-spe
cific oligonucleotides derived from Igk junc
tions. Since the Igk marker was introduced 
quite recently [15], its overall relevance for 
the detection of MRD in B-lineage leukemi
as remains to be defined. 

In this study, the vast majority of patients 
in continuous CR became PCR-negative 
within 6 months after diagnosis. This con
trasts with results obtained in retrospective 
analyses from several laboratories, includ
ing ours, that indicated a rather prolonged 
decline of residual leukemia cells during 
maintenance therapy in about one third of 
the continuous CR patients. After termina
tion of treatment patients are generally 
PCR-negative. This contrasts with a recent 
study [21], showing frequently persistent 
leukemia cell populations in children with 

ALL in remISSIOn after the cessation of 
chemotherapy. This discrepancy might be 
due to the sensitivity of the detection system 
used in the latter study, but is not readily ex
plained. 

Another interesting observation is that 
most of the relapsed cases showed constant
ly positive PCR results, while none of the pa
tients who became PCR-negative during the 
first month of therapy showed disease recur
rence. This disparity in MRD status between 
patients with relapse or in continuous CR 
became pronounced at 3 and 6 months after 
diagnosis, suggesting that results obtained 
at these 2 stages might serve as a stratifica
tion parameter. The PCR status determined 
as early as 1 month after diagnosis [22] ap
pears to be a less suited discriminator ac
cording to our data. 

Based on the data obtained in the frame
work of the European BFM, it appears rea
sonable to assume that novel criteria will be
come available for 2 groups of patients -
those who achieve lasting PCR - negativity 
within 4 weeks of remission induction and 
those who exhibit a constantly high leuke
mia load during the initial months of treat
ment. For the first group, we may now have a 
rationale for individualized reduc
tion/shortening of treatment, while for the 
second one intensified strategies may be 
considered. 
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Clonal Chromosomal Abnormalities in the Stem Cell Compartment 
of a Patient with Acute Myeloid Leukemia in Hematological Complete 
Remission 

M. FEURING-BUSKE, D. HAASE, D. GROVE, C. BUSKE, W. HIDDEMANN, and B. W ORMANN 

Abstract. In 70-80% of the patients with AML 
complete remission can be achieved by in
tensive chemotherapy. However 50-70% of 
adults with AML will ultimately relapse due 
to regrowth of residual leukemic cells below 
the level of hematological detectability. We 
now were able to examine the bone marrow 
of a patient with de novo AML M2 
add(2)(q37) in hematological complete re
mission. The CD34+/CD38- and CD34+/ 
CD38+ subpopulations were isolated by 
FACS (purity >98%) and analyzed by con
ventional cytogenetic analysis. In 1 of 4 met
aphases the clonal chromosomal abnormal
ity was detected in the CD34+/CD38- stem 
cell compartment. One of 17 analyzed meta
phases showed the additional material in the 
CD34+/CD38+ subpopulation. This obser
vation shows that cells with an immature 
stem cell-like immunophenotype and leuke
mia-specific clonal chromosomal abnormal
ities can survive high-dose chemotherapy in 
the niche of the stem cell compartment. Fur
ther studies have to be initiated to evaluate 
the leukemogenic potency of these cells. 

Introduction 

Acute myeloid leukemia arises from the clo
nal expansion of a malignant transformed 
progenitor cell [1-7). In 70-80% of the pa
tients complete remission can be achieved 

by intensive chemotherapy. However 50-
70% of adults will ultimately relapse [8-9]. 
This suggests, that residual disease must 
have been present in these patients below 
the level of morphological detectability. Sev
eral techniques have been developed to de
tect minimal residual disease, such as immu
nophenotyping, molecular biology, conven
tional cytogenetic analysis, fluorescence in 
situ hybridization [10,11,13,14,15,16,21]. 
However the mere detection of a leukemia
specific or -associated genetic marker does 
not necessarily indicate minimal residual 
disease. Using qualitative reverse transcrip
tase-polymerase chain reaction (RT-PCR) a 
persistence of detectable levels of AMLl
ETO transcripts in patients in long-term re
mission ofAML with t(8;21) was shown [21]. 
On the other hand, leukemic progenitor cells 
may be indistinguishable from normal he
matopoietic progenitors. They express CD34 
and lack CD38 [18-20). Recent studies 
showed an involvement of early progenitors 
characterized by a CD34+/CD38- immuno
phenotype in the leukemic process [2,3,4,5, 
7]. So far there are no experimental data 
whether cells with an immature stem cell
like immunophenotype and leukemia-spe
cific clonal chromosomal abnormalities can 
survive intensive chemotherapy in the niche 
of the stem cell compartment. 
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Patient and Methods 

Patient 

The bone marrow aspirate of a 46 year old 
male patient with de novo AML M2, 46, XY, 
add (2) (q37) in hematological complete re
mission was selected for sorting procedures. 
He had no history of prior hematological 
disorders and had not taken any regular 
medication nor chemotherapy. The patient 
was diagnosed as a de novo AML 31 months 
before and is still in continuous complete 
hematological remission. Diagnosis and 
classification of AML were based on light 
microscopy of Pappenheim stained slides, 
and on cytochemical reaction with periodic 
acid schiff (PAS), myeloperoxidase, and este
rase. Slides were reviewed by two indepen
dant hematologists according to the criteria 
of the French-American-British (FAB) clas
sification [17]. Treatment was initiated ac
cording to the protocol of the German AML 
Cooperative Group [8,9] and consisted of a 
double induction course with TAD 9 fol
lowed by HAM and a consolidation course 
with TAD 9. Cytogenetic analysis of sorted 
subpopulations were performed at diagno
sis and in complete remission after the con
solidation chemotherapy. The patient's 
characteristics are shown in Table 1. 

Immunophenotyping 

Immunophenotyping was performed at di
agnosis by multiparameter flow cytometry 
using a whole blood lysis method and a set of 
monoclonal antibodies against myeloid and 
lymphoid lineage-associated antigens [16]. 

Fluorescence Activated Cell Sorting 

One to two X 107 mononuclear cells were 
isolated by Ficoll gradient centrifugation 
(Seromed, Germany), washed twice in RPMI 
1640 (GIBCO, Germany) and doublestained 
with anti-CD34 FITC and anti-CD38 PE 
(Becton Dickinson, San Jose, CA, USA). The 
CD34+ICD38- and CD34+ICD38+ population 
were sorted according to their light scatter 
properties and fluorescence intensity using 
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a FACS Vantage (Becton Dickinson, San Jose, 
CA, USA) equipped with a 488 nm Argon la
ser, Lysis software. Sort purity was >98%. 
Figure 1 shows the four dimensional flow cy
to metric analysis of the patient at diagnosis 
and in CR. 

In Vitro Culturing and Cytogenetic Analysis 

The FACS isolated cells were incubated at 
37°C for 72 h in RPMI 1640 (GIBCO, Karls
ruhe, Germany) supplemented with 20% 
FCS (HyClone, Logan, USA), 100 U/ml re
combinant human (rh) granulocyte colony
stimulating factor (Amgen, Thousand Oaks, 
CA), 100 U/ml glycosylated rh granulocyte
macrophage colony-stimulating factor 
(Behringwerke, Marburg, Germany), 100 
U/ml rh interleukin-3 (Behringwerke), 1 
U/ml rh erythropoietin (Boehringer, Mann
heim, Germany), and 50 ng/ml rh stem cell 
factor (Genzyme, Boston, MA). Cells were 
incubated with 0.3 fig/ml colcemide (GIB
CO, Germany) for 12 h. Chromosome prep
aration and staining by a modified GAG
banding technique have been described pre
viously. The karyotypes were classified ac
cording to the International System of Chro
mosome Nomenclature (ISCN) [22]. Figure 
2 shows the metaphase of the CD34+/CD38-
subpopulation of the patient in CR. 

Results 

We analyzed the bone marrow from a pa
tient withAML M2 46 XY add(2)(q37) at the 
time of initial diagnosis and in hematologi
cal complete remission. Immunophenotyp
ing at diagnosis showed a dominant blast 
population with expression of CDllb, 
CD11c, CD13, CD33 and HLA-DR. An aber
rant expression of CD7 was detected, as well 
as a high expression of CD34 with a signifi
cant proportion of CD34+/CD38-/HLA-DR
blasts. Immunophenotyping during com
plete remission revealed a persistence of a 
very small proportion of aberrant CD7 -pos
itive cells. Three samples were analyzed at 
both timepoints: one unsorted sample, the 
CD34+ICD38- and the CD34+/CD38+ sub
populations. The percentage of CD34+/ 
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Table 1. Cytogenetic analysis of a patient with AML M2 at diagnosis and in CR, showing the patient's charac-
teristics, the sorted subfractions with their percentage and the metaphases analyzed. 

Time of Karyotype Metaphases Sorted 
analysis unsorted analyzed sub-

populations 

Diagnosis Normal 16 CD34+/38-
add(2)(q37) 18 

CD34+/38+ 

CR Normal 19 CD34+/38-
add(2)(q37) 7 

CD34+/38+ 

CD38- cells was 30.4% at diagnosis and < 
0.1 % in CR showing a high expression of 
CD34 at diagnosis and a normal distribution 
in CR. The cellular yield of sorted cells 
ranged from 55 000 and 60 000 at diagnosis 
and 4650 and 6000 in CR. At diagnosis we 
found a mosaic with 16 normal and 18 ab
normal metaphases in the unsorted sample, 
whereas in the CD34+/CD38- stem cell com
partment only two abnormal metaphases 
were detected. The CD34+/CD38+ subpopu
lation revealed again a mosaic with 3 normal 
and 8 abnormal metaphases. In complete re
mission we found 19 normal and 7 abnormal 
metaphases in the unsorted sample, 4 nor
mal and 1 abnormal metaphases in the 
CD34+/CD38-, 17 normal and 1 abnormal 
metaphases in the CD34+/CD38+ subpopu
lation. The results are summarized in Table 1. 

Discussion 

Acute myeloid leukemia arises from the clo
nal expansion of a malignant transformed 
progenitor cell. In 70-80% of the patients 
complete remission can be achieved by in
tensive chemotherapy. However 50-70% of 
adults will ultimately relapse. First clinical 
data of autologous transplantation of pro
genitor cells isolated from the bone marrow 
or peripheral blood were not indicative for a 
significant improvement over conventional 
therapy [23]. These clinical data were sup
ported by gene marker studies demonstra
tiong residual leukemic cells in the retrans
fused stem cell autograft [11]. We analyzed 
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Cells Percentage Karyotype Metaphases 
after sort. of sorted sub- of analyzed 

(X 103) populations sorted cells 

55 30.4 Normal 0 
add (2q) 2 

60 7.7 Normal 3 
add (2q) 8 

4.65 <0.1 Normal 4 
add (2q) 1 

6.0 0.3 Normal 17 
add (2q) 

the FACS sorted stem cell population of a pa
tient with AML M2 46, XY, add (2)(q37) in 
hematological remission to look for a persis
tance of the leukemia-specific aberration 
and for the stage of maturation in which re
sidual leukemic cells may be found. Our 
findings show that the analysis of highly 
purified early progenitor cells in this patient 
is possible even if the number of sorted cells 
is very small. The leukemia-specific clonal 
chromosomal abnormality was found in the 
stem cell compartment at diagnosis as well 
as in hematological complete remission. 
This result may have substantial implication 
for the monitoring of residual disease in 
acute leukemia by multiparameter flow-cy
tometry. Stem cells which seem normal ac
cording to their immunophenotype might 
harbour a reservoir for relapse-inducing 
leukemic cells. Further analysis have to be 
made to eluminate the clinical relevance of 
these persistent leukemic cells as well as 
their importance for future clinical treat
ment especially autologous peripheral stem 
cell transplantation. 
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Detection of Minimal Residual Disease in Patients with Acute Myeloid 
Leukemia 

I. GALTSEVA, G. MITEREV, H. PARAVITCHNIKOVA, S. KULIKOV, H. MASLOVA, V. SAVCHENKO 

Abstract. Patients (pts) with acute myeloid 
leukemia (AML) relapse at a significant rate 
and disease recurrence cannot be predicted 
accurately with current laboratory methods. 
Multiparameter flow cytometric analysis 
permits sensitive detection ofleukemic cells 
in a heterogeneous bone marrow (BM). The 
aim of our study was the detection of mini
mal residual disease (MRD) in AML, correla
tion of MRD with subsequent relapse and 
duration of the 1st complete remission (CR). 
We investigated samples of BM from 37 pts 
with AML before treatment using two-color 
flow cytometric analysis and panel of mono
clonal antibodies for the detection of cell
surface leucocyte antigens (T-cell, B-cell, 
and myeloid associated antigens). An aber
rant leukemic immunophenotype (lym
phoid and myeloid antigen coexpression, 
asynchronous expression of early and ma
ture myeloid antigens) was defined in 78% 
of AML pts. Twenty pts were followed serial
ly during induction/consolidation and dur
ing continuous CR. BM samples were ob
tained after peripheral blood recovery. Leu
kemia samples were followed based on ab
normal antigen combinations present at di
agnosis on the blasts cells and we counted 
the percentage of aberrant cells present dur
ing CR and established a threshold level for 
the presence of AML cells. Eight pts with 
MRD (> 0.12% cells positive for abnormal 
antigen expression) had short CR (median 
4.7, range 3-6 months). Twelve pts below the 
MRD threshold (~ 0.12% residual AML) 

achieved longer periods of CR (median 11.7, 
range 8-16 months). Six pts remain alive in 
continuous 1st CR. The threshold level of 
MRD (0.12%) was based on clinical observa
tion and confirmed by statistical analysis us
ing 3 parameter probability modeling. These 
parameters included the threshold level of 
residual AML cells in BM samples and the 
mean CR duration in patients above and be
low the threshold level. We confirm the 
method to detect residual AML cells during 
1st CR and have developed a model to pre
dict the length of CR. Long-term followup of 
a large cohort of AML pts will be necessary 
to confirm the utility of this model. 

Introduction 

Patients with acute myeloid leukemia (AML) 
relapse at a significant rate and disease re
currence cannot be accurately predicted 
with current laboratory techniques. Recur
rent disease is presumably due to residual 
leukemic cells that have resisted induction 
chemotherapy (Drach et al. 1992). With the 
application of multiparameter flow cytome
try, polymerase chain reaction, fluorescence 
in-situ hybridization analysis, the identifica
tion of small amounts of leukemic cells be
low the level of detectability by the routine 
methods (morphologic examination) be
came possible. Multiparameters flow cyto
metric analysis permits a sensitive detection 
of leukemic cells within a heterogeneous 
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bone marrow cell population. In two or three 
color immunofluorescence analysis the leu
kemic cells demonstrate multiple differen
ces from their presumed physiological coun
terparts due to different light scattering 
properties and an aberrant antigen expres
sion (Terstappen et al. 1991). These differ
ences allow to distinguish the leukemic cells 
from normal and to detect in remission 
bone marrow the residual tumor cells with 
an aberrant immunophenotype revealed at 
diagnosis. Recently, it was proved that the 
presence of these cells in complete remission 
(CR) correlates with a high probability of re
lapse. 

The aim of the present study was to detect 
in CR bone marrow by means of flow cyto
metry the leukemia cells that survived the 
chemotherapy for AML (minimal residual 
disease) and to find the correlation of MRD 
with a probability of relapse and duration of 
the 1st CR. 

Material and Methods 

Patients 

Immunophenotyping of de novo AML blasts 
was performed before any treatment in 37 
AML patients. The diagnosis of AML was es
tablished according to FAB classification. 
There were 14 patients with M2, 6 with M3, 
15 with M4, 2 with Ms; 12 of them were 
males and 25 females. The median age was 
37 years (range: 16-61). All patients were in
cluded in the Russian AML multicenter trial 
and randomized at diagnosis to 7+3 proto
col (daunorubicin 45 mg/m2 i.v. on days 1-3 
and Ara-C 100 mg/m2 i.v. bid 1-7 days; 4 
courses), or to 7+3+VP-16 (VP-16 120 
mg/m2 i.v. was added to 7+3 on day 17 
through 21 of the course). After the comple
tion of 4 induction/consolidation courses 
maintenance treatment was started and con
ducted for 3 years of CR. 

The samples of 20 AML patients were 
studied at diagnosis, in a morphologic re
mission after induction/consolidation and 
then during continuous CR. Complete re
mission was defined at less than 5% blasts in 
the normocellular bone marrow, normal 
peripheral blood count, the absence of ex-

tramedullary leukemia with the persistance 
of these characteristics for more than 1 
month. 

Preparation and Staining of AML Cells at Leukemia 
Presentation 

Heparinized marrow aspirate samples taken 
at diagnosis were diluted in phosphate-buf
fered saline (PBS) and mononuclear cells 
were isolated by Ficoll separation technique, 
following by two washes with PBS, lysis of 
red blood cells 0.83% ammonium chloride. 
Washed mononuclear cells were incubated 
for 30 min with an array of directly fluores
ceinisothiocyanate (FITC) and phycoeryth
rin (PE) labeled monoclonal antibodies (Mo 
Abs) against myeloid, lymphoid, progenitor 
cells antigens with appropriate isotype
matched negative controls. After incubation 
cells were washed twice, and analysed by 
two-color flow cytometry. 

Preparation and Staining of the Patients' CR Bone 
Marrows and Bone Marrow Cells from Healthy 
Donors 

Heparinized bone marrow aspirates were 
obtained from CR patients after consolida
tion (2-3 courses) and during continuous re
mission at time of peripheral blood recovery 
after chemotherapy. Control bone marrow 
aspirates were obtained from three allogenic 
bone marrow transplant donors. Mononu
clear cells were isolated by Ficoll separation 
technique. Remission AML samples were 
analysed basing on abnormal antigen com
binations on the blast cells revealed at diag
nosis. Aberrant leukemic immunopheno
type included: the coexpression oflymphoid 
and myeloid antigenes, the asynchronic ex
pression of early and mature myeloid anti
gens. Appropriate pairs of directly labeled 
MoAbs were used against atypical marker 
combinations. 

Flow Cytometric Analysis of Bone Marrow Samples 

This was performed on EPICS-C flow cy
tometer (Coulter Corp.). The 488 nm line of 
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Tablel.Antibodies used for immunophenotyping 

Antibody FITC/PE CD Ig class Company 

Birma-K3 FITC CD34 G1 DAKO 
HPCA-2 PE CD34 G1 Becton Dickinson 
Bra-55 FITC CD45 G1 Sigma 
DU-HL60-3 PE CDl5 M Sigma 
Leu-M7 PE CD 13 G1 Becton Dickinson 
Leu-M3 FITC CD14 G1 Becton Dickinson 
Leu-M9 PE CD33 G1 Becton Dickinson 
Leu-9 FITC CD7 G1 Becton Dickinson 
UCHT-2 FITC CD5 G1 Sigma 
G-ll PE CD2 G1 Caltag 
My-7 PE CD 13 G1 Coulter 
SJ5-1B4 PE CD10 G1 Caltag 
MT310 PE CD4 G1 DAKO 
HD-37 PE CD19 G1 DAKO 
VIM-2 CDw65 M Behring 
JC159 FITC Glycophorine A G1 DAKO 
Mouse control FITC 
Mouse control PE 
Mouse control FITC 
Mouse control FITC 

the standard water-cooled argon laser was 
used for exitation, at 500 m V power output. 
FITC and PE fluorescence emission were 
collected through 530 nm SP, 590 nm LP fil
ters and beam splitter 550 nm. Compensa
tion for fluorescence emission overlap of 
each fluorochrome into inappropriate chan
nels was set using single-labeled samples. 
The leukemic blast population from the di
agnosis sample was characterized by for
ward and side light-scatter properties and 
gated. Remission samples gating on forward 
versus side light-scatter was used to enrich 
for the lymphocyte+blast populations; 
10 000 events were counted in each sample. 

Statisti(al Analysis 

The remission duration in patients with 
greater than the 0.12% positive for aberrant 
immunophenotype cells in remission were 
compared with those with ~ 0.12% positive 
cells in remission by the method of Kaplan 
and Meier. The differences were analyzed by 
the logrank chi-squared test. The threshold 
level ofMRD (0.12%) was confirmed by sta
tistical analysis using 3 parameters prob
ability modeling. These parameters includ
ed the threshold level of residual AML cells 
in bone marrow samples and the mean CR 
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G1 DAKO 
G1 DAKO 
G2 Becton Dickinson 
M Sigma 

duration in patients with residual cells 
above and below the threshold level. 

Results 

Aberrant Leukemic Immunophenotype was Defined 
in 78% (29 of37) ofall Cases ofAML 

Aberrant expression of antigens included 
following combinations: co expression of 
lymphoid CD2, CDS, CD7, CDl9 with mye
loid antigens; asynchronous expression of 
early CD34 and mature CD13, CD14, CD15, 
CDw65 antigens. Coexpression of T lym-

Relapse Free Survival 
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Fig 1.1 Residual leukemic cells, N = 8 (level> 0.12%); 
2 no residualleukemic cells,N = 12 (level:S 0,12%); 
p= 0.001 
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Fig 2 A·B. Bone marrow cells 
with atypical antigen expres
sion in CR patients with 
AML determined by double 
color flow cytometry. Cells 
positive for both antigens 
are shown in quadrant 2. (A). 
0.69% of the residual cells 
co express CD34 and CDw65 
in patient with short remis
sion duration. (B). 0.01% of 
the residual cells co express 
CD34 and CDl3 in patient 
with long-term remission. CDw65 FITC CD34FITC 

phoid (CD2, CDS, CD7) with myeloid mark
ers occurred in 7 of 20 patients (35%), fol
lowed during remission. Co expression of B 
lymphoid marker (CD19) with myeloid 

tometry did not show any aberrant immu
nophenotype. 

markers occured in 3 (15%) patients. Asyn - Statistical Model 
chronous expression of myeloid antigens 
was found in 14 of 20 patients (70%). 

Remission AML marrow samples were an
alysed by two-color flow cytometry for de
tection of residual leukemic cells expressing 
the presentation aberrant immunopheno
types. The percentages of aberrant cells in 
the gated region were counted. Afterwards 
the threshold level for the presence of MRD 
was established and it appeared to be 0.12% 
of positive for aberrant expression tumor 
cells in CR. Eight patients with MRD had 
>0.12% cells positive for abnormal antigen 
expression and CR duration was short in 
them - median 4.7 months (range 3 to 6 
months). Twelve patients with:::; 0.12% resid
ual AML cells (below the MRD threshold), 
achieved long CR duration with median of 
11.7 months (range 8 to 16 months). Six of 
them remain alive in the first continuous CR. 

The threshold level of MRD (0.12%) was es
tablished basing on clinical observation and 
confirmed by statistical analysis. 

Let t be survival time and x be a prognos
tic variable. In our case t is remission dura
tion, x is number of residual cells. 

Suppose that there is a threshold level q. If 
x:::; g for some individuals then the predicted 
mean survival time is III and if x> g then the 
predicted mean survival time is 112' Also sup
pose that survival function is exponent in 
both cases. 

That is we have following 3 parametric 
model for survival function: 

S(t)= , {e-II~( ,x::; q 

e- tl~ 2 ,x> q 
(1) 

The data were analyzed by the methodofKa- Let {(Xj,tj,c), i = 1, ... ,n}- be the sample of n 
plan and Meier and results shown in Fig 1. observation, where Xi is the number of cells, 

Two-color flow cytometry scans of two tj is the survival time (exact or survival), and 
patients in remission are presented in Fig 2. Ci is the censor indicator (c = 0 for uncen-

The analysis of three normal bone mar- sored survival times, c = 1 for censored 
row samples by means of two-color flow cy- times). 

The likelihood function for (1) will be following [1]: 

L( q) II 1 - t / ~ l II 1 - 1·/ ~ 1 II 1 -t / ~2 II 1 -t·/~ o 111,112' = - e I -e I -e I -e I 

i:Ci = O. Xi $ q III i:xi =l , xi $ q III i:xi = O. Xi > q 112 i:Ci = 1.x i > q 112 

With fixed parameter q, the maximum likelihood estimations of Ill> 112 are 

" T 
Ilk = --"-, (k = 1,2), 

rk 

(2) 

(3) 
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where 

is the sum of all times for individuals with x::; q, (4) 

r1 = L (1-cJ, is the number of uncensored times forindividuals with x::; q, (5) 
i:Xi :5q 

is the sum of all times for individuals with x > q, (6) 

r2 = L(l-ci ) is the number of uncensored times for individuals with x::; q. (7) 

So the maximum of likelihood function by two parameters (111,112) will be function of 
parameter q: 

max(L) = (!LJr1(!LJr2 e-(rl+r2), (8) 
~1'~2 T1 T2 

where (r 1 +rz) = r is the total number of uncensored observations is constant by q. 
To estimate the value q it needs to maximize the independent by q part of (8): 

(9) 

Function (9) is step wise function, it changes in the points q=tl>tz, ... ,tn. 
If the sequence (tl, .. ,tn) is sorted by its values then (9) could be rewritten as: 

m m 

[ 
m ](m-~C')[ n ] (n-m-~C,) 

m- LCi n-m- LCi 
1m = m i-I n !-m+1 , (m = 1,2 ... n). 

Lt! Lti 
1=1 i=m+l 

(10) 

Maximum likelihood estimation of thresh 
level is the point where (10) reaches the max
imum value. That is 
q = tM: M = arg max(lm)' (11) 

Algorithm.The values (10) can be easily 
programmed. It can be realized as EXELL ta
ble and likelihood maximum will be esti
mated graphically as it will be shown below. 
It is more convenient to use the following 
function as a criteria of minimizing: 
Q = -Ln(lm). (12) 

Data and Results 

The results of observations of 20 patients 
are presented in the Table 2. The row corre
sponding to maximum likelihood estima
tion is expressed by color. So the maximum 
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likelihood estimation of threshold level of 
residual number cells is: 
q = 12.10-5 

Corresponding estimations of mean re
mission duration in two groups of patients 
are 
111= 1.7 months for group with q > 12 
Ilz = 25.7 months for group with q::; 12 

Discussion 

CR in acute leukemia is established when 
bone marrow contains <5% morphological
ly identifiable leukemic blasts with normal 
peripheral blood count and abcense of ex
tramedullary leukemia. The morphological 
method has its limitation as 1-5% blasts in 
the bone marrow may correspond to a total 



Table 2. Remission durations of20 patients 

No. of patient No. of residual Remission Censor indicator Criteria value 
cells by 10 000 durations 

1 1 8 1 66.22 
2 1 8.5 1 65.52 
3 1 12 1 64.47 
4 3 8.1 1 63.71 
5 4 9.5 1 62.76 
6 5 11 0 60.87 
7 6 14 0 59.17 
8 7 8.2 0 58.30 
9 9 16.2 1 56.92 

10 11 11.5 0 56.12 
11 12 16.1 1 54.07 
12 12 10.5 0 53.45 
13 14 5.9 0 53.78 
14 18 3 0 54.81 
15 24 3.5 0 55.96 
16 26 4 0 57.27 
17 34 6 0 58.62 
18 50 4.5 0 60.56 
19 69 5.5 0 62.95 
20 220 5 0 

70 I 

65 

~ 60 

~ 
cd 

:~ 
U 55 

Q= 12 

50 

0,1 1 10 100 

Threshold level of residual cells number (per 10000) 

Fig.3. Maximum likelihood estimation of threshold level of residual number cells 

of 1010_10 11 neoplastic cells (Van Bekkum 
1984, Ryan and Van Dongen 1988) so the 
sensitivity of the standard microscopy is 
10-1_10-2• Several approaches have been de-

vised for detecting small numbers of neo
plastic cells in blood and bone marrow. Ad
vantages of the immunologic techniques 
over the other available methods (cytoge-
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Fig.4. Remission duration as a function of residual cells number. 

netics, FISH, PCR) include speed of testing, 
ability to quantitate precisely the number of 
residual leukemic cells and to assess their vi
ability. Aberrant expression of surface anti
gens allows to follow residual leukemic cells 
during remission. The limitation of this ap
proach is the aberrant leukemic immuno
phenotype is detected not in all de novo 
AML cases. Only 78% of patients expressed 
the aberrant immunophenotype in this 
study. The most frequent abnormal immu
nophenotype found was - asynchronous 
myeloid antigen expression. And the most 
frequent lymphoid markers coexpressed 
with myeloid antigens were T-cell associated 
antigens and especially CD7. 

The correlation was established between 
percentage of the aberrant cells and dura
tion of the 1 st complete remission. Eight pa
tients with abnormal cells> 0.12% had CR 
::;; 6 months, twelve patients with residual 
cells:::; 0.12% had CR > 6 months. The 
threshold level of MRD (0.12%) revealed by 
clinical observation was confirmed by sta
tistical analysis. Results from various stud
ies indicated the same correlation between 
the amount of residual cells and the remis-
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sion duration with/without subsequent re
lapse. The possible occurrence of phenotyp
ic switches during relapse may lead to false 
negative results (Campana 1993). In order to 
avoid such mistakes few abnormal combina
tions have to be followed simultaneously. 

In conclusion, we have to confirm that the 
two-colour flow cytometry is a very practi
cal and useful method for detection of small 
cell populations and allows to follow residu
al AML cells during CR. MRD predicted CR 
duration and probability of relapse. And the 
threshold level of residual tumor cells in CR 
was confirmed by a novel statistical model, 
developed in the study. Long term follow-up 
of a larger cohort of AML patients is neces
sary to confirm the utility of this model. 
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RT ·PCR for the Detection of Minimal Residual Disease in Acute 
Myeloblastic Leukemia with t(8;21) and t(15;17) 

J. KRAUTER!, F. HERRMANN2, D. HOELZER3, R. MERTELSMANN\ G. SCHLIMOKS, 

U. PASCHEBERG6, G. SCHWAB?, A. GANSER 1, and G. HElL 1 

Abstract. The reciprocal translocations 
t(8;21) and t(15;17) are among the most 
common chromosomal aberrations in pa
tients (pts.) with acute myeloblastic leuk
emia (AML). Both translocations result in 
chimeric fusion mRNAs [AMLl/ETO for 
t(8;21) and PMLlRARa for t(15;17)] which 
can be detected by specific amplification 
with reverse transcriptase polymerase chain 
reaction (RT-PCR). In addition to primary 
diagnosis, RT -PCR can be used in these pts. 
for the sensitive monitoring of minimal re
sidual disease (MRD) in complete remission 
(CR) after intensive polychemotherapy. In 
this study, we analysed 9 pts. with t(8;21) and 
16 pts. with t(15;17) in CR for MRD using 
nested RT-PCR for AMLl/ETO and 
PMLlRARa. In the t(8;21) group 4/9 pts. be
came PCR-negative after induction and/or 
consolidation therapy; 3 of these pts. are in 
ongoing CR after 12 to 72 months (mo).1 pt. 
relapsed after 24 mo. 5/9 pts. remained PCR
positive after chemotherapy; 3 of these pts. 
are in ongoing CR after 2 to 48 mo, 1 pt. re
lapsed after 12 mo and 1 pt. died in CR. In the 
t(15;17) group 15/16 pts. became PCR-nega
tive after 1 or 2 cycles of induction chemo
therapy. 13 of these pts. are in ongoing CR 
after 3 to 78 mo. 2 pts relapsed after 21 and 22 
mo. and in both pts. clinical relapse was pre
ceeded by the recurrence of PMLlRARex fu-

sion transcripts in morphological CR. 1/16 
pts. remained PCR-positive after induction 
and consolidation therapy but became neg
ative after allogeneic bone marrow trans
plantation and is in CR after 15 mo. Taken to
gether, in most of the t( 1 5; 17) positive AML 
pts. the leukemic clone can be reduced below 
the detection level by aggressive chemother
apy. Because the recurrence of PMLlRARa 
transcripts in CR is correlated with later 
clinical relapse, serial PCR-analyses should 
be performed in these pts. In contrast, a con
siderable proportion of AML-pts. with 
t(8;21) remain PCR-positive after chemo
therapy apparently without correlation to 
clinical outcome. Further prospective stud
ies are necessary to determine whether PCR
analyses are of clinical relevance in these pts. 

Introduction 

The t(8;21)(q22;q22) and t(15;17)(q22;q12) 
are balanced reciprocal chromosomal trans
locations which occur frequently in patients 
with de novo acute myeloblastic leukemia 
[1-3]. Both chromosomal aberrations result 
in characteristic fusion genes: The t(8;21) 
fuses the 5-part of the AMLl-gene on chro
mosome 21 to the almost complete open 
reading frame of the ETO gene on chromo-
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2 Dept. Internal Medicine III, University of Ulm, Germany 
3 Dept. Internal Medicine III, University of Frankfurt, Germany 
4 Dept. Internal Medicine I, University of Freiburg, Germany 
5 Dept. Internal Medicine II, KZV Augsburg, Germany 
6 Insitute for Laboratory Medicine, Dortmund, Germany 
7 AMGEN GmbH, Munich, Germany 
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some 8 and results in the transcription of a 
chimeric AMLl/ETO fusion mRNA from the 
der(8) chromosome [4]. The AMLl gene en
codes for a transcription factor essential for 
normal hematopoiesis [5]. The function of 
ETO is still unknown. In all AMLlIETO pos
itive patients the breakpoints for the t(8;21) 
cluster within a single intron of AMLl, re
sulting in a constant AMLlIMTG8 fusion 
mRNA [4,6]. In the t{15;17), the gene for the 
retinoic acid receptor-a (RARa) from chro
mosome 17 is fused to the gene for PML, a 
putative transcription factor, on chromo
some 15 resulting in a PMLlRARa-fusion 
mRNA [7]. In contrast to AMLl/ETO, three 
different breakpoint cluster regions within 
the PML-gene (bcrl, bcr2, bcr3) have been 
described for PMLlRARa [2] while a pos
sible correlation of these molecular differ
ences with clinical characteristics of the pa
tients remains controversial [8-10]. Since 
the genes involved in both translocations 
have been cloned and sequenced, the t(8;21) 
and t( 15; 17) can not only be detected by con
ventional cytogenetics but also by reverse 
transcriptase polymerase chain reaction 
(RT -PCR) with specific primer pairs for 
AMLl/ETO and PMLlRARa [11,12]. Using 
this technique, the fusion transcripts can be 
detected in all patients with t(8;21) and 
t{15;17) at initial diagnosis. Moreover, RT
PCR can be used as a sensitive tool for the 
detection of residual clonal cells in complete 
remission after polychemotherapy [11,13]. 
However, since the role of the chimeric genes 
in leukemogenesis has still to be definitely 
determined, the clinical significance of PCR
analyses in clinical remission is still under 
investigation. We studied 9 patients with 
t(8;21) and 16 patients with t{15;17) at vari
ous time points in hematological remission 
by RT-PCR and correlated the results with 
the clinical outcome of the patients. 

Material and Methods 

Leukemi( Blasts and Remission Bone Marrow 
Samples 

Bone marrow samples were obtained from 9 
AML-patients with t(8;21) and 16 patients 
with t{15;17) at initial diagnosis and at vari-

ous time points during/after chemotherapy. 
The leukemic blasts/bone marrow mono
nuclear cells were enriched by centrifuga
tion over a Ficoll-Isopaque gradient (1.077 
g/ml). The cells were used either freshly or 
after storage in liquid nitrogen ( -196 0 q. 

PCR Analysis 

Total cellular RNA was extracted from 107 

cells using the Trizol-method (GibcoBRL) 
according to the manufacturers guidelines. 
cDNA was synthesized for 1 h at 37'C using 
2 Ilg RNA directly after isolation, random 
primers at a concentration of 1 Ilmolll and 
murine Moloney virus reverse transcriptase 
in a total volume of 20 fll. The primers for 
the amplification of the PML/RARa and 
AMLlIETO fusion transcripts [11,12] are 
shown in Tables 1 and 2. PCR-amplification 
was carried out with 1 III cDNA in a total vol
ume of 50 III PCR-buffer with 0.5 Ilmolll 
primers, nucleotides 100 nmolll and Taq
polymerase (Perkin-Elmer) 0.02 U/Ill. Ther
mal cycling was: 94'C for 60 s, 57'C for 60 s 
and 72'C for 120 s with cycles repeated 35 
times. After the first 35 cycles with the outer 
primers, 2 III of the reaction product was fur
ther amplified for another 35 cycles with the 
nested primers under the same conditions. 
Amplification of the c-abl transcript was 
used as a positive control. In negative con
trols, the RNA template was omitted. Five III 
of the reaction products were migrated on 
1.5% agarose gels, stained with ethidium 
bromide and analysed. 

Table 1.Primers for the AMLlIETO-PCR 

Outer AMLl-Primer 
Outer ETO-Primer 
Nested AMLl-Primer 
Nested ETO-Primer 

5' -AGCCATGAAGAACCAGG-3' 
5' -AGGCTGTAGGAGAATGG-3' 
5'-TACCACAGAGCCATCAAA-3' 
5' -GTTGTCGGTGTAAATGAA-3' 

Table 2. Primers for the PMLlRARa -PCR 

Outer PML-Primer 5' -AGCGCGACTACGAGGAGATG-3' 
Outer RARa-Primer 5' -CATGTTCTTCTGGATGCTGC-3' 
Nested PML-Primer 5' -CTGGTGCAGAGGATGAAGTG-3' 
Nested RARa-Primer 5' -CCATAGTGGTAGCCTGAGGA-3' 
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Results 

PMURARa-Positive Patients 

Sixteen patients with t(15;17) were analysed 
for residual disease after chemotherapy 
(Fig. 1).9 of these patients had a bcr3-break
point and 7 a bert-breakpoint. 

Thirteen patients were studied in 151 CR 
(Fig. la). 12 of these patients (nos. 1-10, 12 

and l3) became PCR negative in 151 CR after 
induction or consolidation therapy. 

Nine of these patients are in ongoing CR 
after 3 to 78 months. One patient (no. 10) 
died in CR after allogeneic stem cell trans
plantation. Two patients (nos. 12 and l3) re
lapsed and in both clinical relapse was pre
ceded by the recurrence ofPMLlRARa tran
scripts. One patient (no. 11) remained PCR 
positive in CR after consolidation chemo-
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16,5 mo 

2 ~r------<O)---------------I/ fr' ----1o 
14,5 mo 

3 ~I--------------;O 

4 a--ml1----D----fZiI 0)-----------10 

5~1---------------------7Ir_____cr__ir__o 

62 mo 68 mo 

7 k-----mI--1 • .....,m----o,....------i0)------10 

8~ 
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llk-----m1l--------~.~~I__--.e-~.~~O)----O 

12~1---------10)------------t/~~ 
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Fig.la. t(l5;17) positive patients studied for residual disease in 1st CR 
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Fig.l b. t( 15; 17) positive patients studied for residual disease in 2nd CR 

therapy. He was allografted and is currently 
in ongoing CR and PCR-negative. 

Three patients (nos. 14-16) were studied 
in relapse and 2nd CR (Fig.lb).AIl3 became 
PCR-negative in 2nd CR after chemotherapy. 
Patient 14 was allografted and is currently in 
ongoing 2nd CR. Patient 15 was transplanted 
with PMLlRARa-negative autologous pe
ripheral stem cells. He is in CR and PCR-neg
ative 6 months after transplantation. Patient 
16 became again PCR-positive and suffered 
subsequently from 2nd relapse. 

AML 1IETO-Positive Patients 

Nine patients with t(8;21) were studied for 
residual disease after chemotherapy (Fig. 2); 
4/9 patients (nos. 1-4) became PCR-negative 
after induction or consolidation therapy. 
Three of these patients (nos. 1-3) are in on
going 15t CR after 12 to 72 months. Patient 4 
relapsed and was again PCR-negative after 
chemotherapy for relapse; subsequently he 
died in CR after allogeneic BMT; 5/9 patients 
(nos. 5-9) remained PCR-positive in 15t CR. 
Two of these patients (nos. 5, 7) are in on
going 15t CR; 2/5 patients (nos. 8 and 9) re
lapsed. Patient no. 6 died in CR. 

Discussion 

It was the aim of this study to further analyse 
the prognostic value of RT-PCR-analyses in 
patients with AML and t(8;21) or t(15;17). 
All patients with t(15;17) under study were 
treated with intensive polychemotherapy 
+/- all-trans-retinoic-acid (ATRA). In con
trast to patients treated with ATRA alone de
scribed by other investigators [11], in the 
vast majority (15/16) of the patients treated 
with chemotherapy the leukemic clone 
could be reduced below the level detectable 
by a two step nested RT-PCR. This was also 
true for 3 patients in 2nd complete remission 
indicating that the blasts at relapse are again 
sensitive to chemotherapy. All long term dis
ease free patients under study were negative 
for PMLlRARa. This indicates that the ab
sence of detectable residual t(15;17) positive 
cells is a prerequisite for long term remis
sion. However, 3 patients with a previously 
negative PCR result ultimately relapsed and 
in all cases relapse was preceded by a posi
tive PCR result. In all cases the recurring 
PMLlRARa fusions transcripts displayed 
the same breakpoint as at initial diagnosis 
strongly indicating that the relapse had 
emerged from residual cells from the origi
nal clone. One in 16 patients remained PCR
positive after induction and consolidation 
therapy but became negative after allogene
ic BMT. This confirms that patients who 
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Fig.2. t(8;21) positive patients studied for residual disease 

achieve no molecular complete remission by 
chemotherapy might be salvaged by a fur
ther escalation of therapy. 

In contrast, in the t(8;21) positive patients 
no clear correlation between PCR result and 
clinical course could be detected. Although 
all patients displayed identical AMLl/ETO 
fusion transcripts at initial diagnosis, PCR
analysis revealed a heterogenous response 
to chemotherapy: as previously described, a 
considerable proportion of the patients re
mained PCR-positive in complete remission 
even after high-dose AraC chemotherapy 
[13]. On the other hand we and other investi
gators also found patients who became 
AMLl/ETO negative after induction and/or 
consolidation chemotherapy [14,15]. How
ever neither a positive nor a negative PCR 
result was predictive for the clinical out
come. Taken together, in t(15;17) positive 
patients serial RT-PCR analyses in complete 
remission are a valuable diagnostic tool to 
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detect patients at high risk for relapse who 
might probably benefit from further inten
sification of therapy. As a clinical conse
quence, serial PCR-analyses should be per
formed in all t(15;17) positive patients. In 
t(8;21) positive patients however it is not yet 
clear if the heterogenous response to 
chemotherapy on the molecular level has 
clinical significance. Therefore, further 
prospective investigations are necessary to 
define the prognostic value of standard RT
PCR and other methods such as quantitative 
PCR [16] in t(8;21) positive patients. 
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Abstract. One of the most common structu
ral chromosomal aberrations in acute myel
oblastic leukemia (AML) is the pericentric 
inversion of chromosome 16, inv(16) 
(p13q22) which results in the rearrangement 
of the CBFp- and the MYHll-gene and the 
transcription of a chimeric CBFP/MYHll 
fusion mRNA. In a retrospective analysis, 
329 patients (pts.) with de novo AML were 
evaluated for CBFP/MYHll fusion tran
scripts using reverse transcriptase polyme
rase chain reaction (RT-PCR). In 14/329 pts. 
(4%) CBFP/MYHll fusion transcripts could 
be detected. All pts. displayed the same 
breakpoint at bp 1921 of the MYHll-gene. 
In 4 pts. the inv(l6) could not be detected by 
conventional cytogenetical analysis: 2 pts. 
showed a normal chromosome 16, in an
other 2 pts. a deletion del(16q22) was detect
ed. Combined cytogenetical analysis and 
fluorescence in situ hybridization (FISH) 
with a-satellite probes for the chromosomes 
7,8, X and Y revealed additional numerical 
chromosomal aberrations in 4/14 pts. (+8, 
n=2; +8 and +21,n=1; +9 and +21,n=l).Five 
pts. were analysed for CBFP/MYH11 fusion 
transcripts in complete remission (CR) after 
polychemotherapy. 4/5 pts. became PCR
negative after induction and/or consolida
tion therapy; 1 of these pts. relapsed after 10 

months (mo) and was again CBFP/MYHll 
positive. After additional therapy this pt. 
achieved a 2nd CR but remained PCR-posi
tive. The other 3 pts. are in ongoing CR after 
10 to 94 mo. 1/5 pts. remained PCR-positive 
even after high-dose AraC consolidation 
and relapsed after 8 mo. Taken together, RT
PCR is a rapid and sensitive tool for diagno
sis of inv(16) positive AML which might be 
more sensitive than conventional cytogenet
ical analysis. The clinical relevance of MRD 
detection in clinical CR has to be deter
mined in prospective studies. 

Introduction 

The inversion 16 inv(16)(p13;q22) is a recur
ring structural chromosomal aberration in 
patients with acute myeloblastic leukemia 
(AML) [1]. This abnormality is highly corre
lated but not uniform ely restricted to the 
FAB subtype M4eo [2]. Patients with inv(16) 
have been found to be associated with a rela
tively good prognosis especially after high
dose AraC consolidation [3,4]. This indi
cates that the detection of an inv(16) is im
portant for an optimal treatment of AML pa
tients. However, conventional cytogenetic 
analysis of AML blasts is hampered by the 
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fact that not in all patients sufficient meta
phases can be obtained and that gene rear
rangements can also occur in chromosomes 
appearing normal by conventional banding 
techniques [2]. The inv(16) results in the fu
sion of the CBF~-gene encoding for the ~
subunit of the CBFa/CBF~-transcription 
factor complex and the gene for a smooth 
muscle myosin protein MYHll [5]. The 
cloning and sequencing of these genes al
lowed the detection of inv(16) by reverse 
transcriptase polymerase chain reaction 
(RT-PCR) for the chimeric CBF~/MYHll 
fusion mRNA (6). Moreover, RT-PCR can be 
used for the sensitive detection of residual 
clonal cells after chemotherapy [7]. In this 
study, we used RT-PCR for CBF~/MYH11 fu
sion transcripts for the diagnosis of inv(16) 
in a series of 329 unselected AML patients. In 
addition, the CBF~/MYH11 positive patients 
were investigated for further numerical 
chromosomal aberrations and the clinical 
relevance of PCR analyses in complete re
mission was analysed. 

Material and Methods 

Leukemic Blasts and Remission Bone Marrow 
Samples 

Bone marrow samples were obtained from 
patients with de novo AML at initial diagno
sis and at various time points during/after 
chemotherapy. The leukemic blasts/bone 
marrow mononuclear cells were enriched by 
centrifugation over a Ficoll-Isopaque gradi
ent (1.077 g/ml). The cells were used either 
freshly or after storage in liquid nitrogen 
(-196°C). 

PCR Analysis 

Total cellular RNA was extracted from 107 

cells using the Trizol-method (GibcoBRL) 
according to the manufacturers' guidelines. 
cDNA was synthesized for 1 hat 37°C using 
2 flg RNA directly after isolation, random 
primers at a concentration of 1 flmol/l and 
murine Moloney virus reverse transcriptase 
in a total volume of 20 fll. The primers for 
the amplification of the CBF~/MYH11 fu-

Table 1. Primers for the CBF~/MYH 11-PCR 

CBF~
Primer 
MYHll 
-Primer 

5-CAGGCAAGGTATATTTGAAGG-3 

5-CTCCTCTTCTCCTCATTCTGCTC-3 

sion transcripts [6] are shown in Table 1. 
PCR-amplification was carried out with 1 fll 
cDNA in a total volume of 50 fll PCR-buffer 
with 0.5 flmol/l primers, nucleotides 100 
nmol/l and Taq-polymerase (Perkin-Elmer) 
0.02 U/fll. Thermal cycling was: 94°C for 60 
s, 58°C for 60 sand 72 °C for 120 s with cycles 
repeated 40 times. Amplification of the c-abl 
transcript was used as a positive control. In 
negative controls, the RNA template was 
omitted. 5fll of the reaction products were 
migrated on 1.5% agarose gels, stained with 
ethidium bromide and analysed. 

FISH Analysis 

The enriched leukemic blasts from initial di
agnosis were resuspended at a concentra
tion of 5X106 cells/ml in PBS and subse
quently sedimented onto adhesive glass 
slides covered with poly-lysine (Biorad). 
After that, the cells were fixed in metha
nol/acetic acid (3:1) and air dried. Thereaf
ter the cells were dehydrated by a graded se
ries of ethanol. DNA was denaturated by in
cubation for 2 min in 70% formamide, 
2xSSC pH 7 at 70°C. Denaturation was 
stopped by incubation in ethanol (-20°C). 
Therafter the cells were hybridized over
night at 37°C with a digoxigenin or biotin la
belled a-satellite probe specific for the cen
tromeric region of chromosome 7,8, X or Y 
(Oncor, Braunschweig) in a humidified at
mosphere. The cells were washed after hy
bridization in 0.25 X SSC, pH 7 at 72 °C for 5 
min. After that, the cells were washed in PBD 
at room temperature. Thereafter the cells 
were incubated with 50fll of a FITC-labelled 
anti-digoxigenin antibody or streptavidin 
for 5 min at 37°C. After washing in 1 X PBD 
the nuclear DNA was counterstained with 
propidium-iodide/antifade (1:1). The slides 
were analysed with a fluorescence micro
scope. 
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Table 2. Characteristics of the CBF~/MYH 11 positive 
patients 

No. of patients 
m:f 
Median age (range) 
Cytogenetical 
analysis and FISH 

Results 

14/329 (4%) 
13:1 
37 (20-71) 

- Trisomy 8 (n=2) 
- Trisomy 8 and21 (n=l) 
- Trisomy 9 and 21 
- De116(q22) (n=2) 
- Normal chromosome 

16 (n=3) 

RT·PCRforCBF~/MYHll FusionTranscripts 

Fourteen of 329 patients (4%) were 
CBF~/MYHII positive. All patients showed 
the same breakpoint at nucleotide 1921 of 
the MYHll-gene "typeA", [6] resulting in an 
identical 414bp product. The characteristics 
of these patients are outlined in Table 2. 

1~ 

FISH Analysis and Conventional Cytogenetics 
(Table 2) 

In 4/14 patients the inv(l6) could not be de
tected by conventional cytogenetics: 2 pa
tients showed a normal chromosome 16 and 
2 patients displayed a deletion del(l6q22). 

Additional FISH analysis showed a tri
somy 8 in 3/14 patients. Moreover, by con
ventional cytogenetics in 1 patient with tri
somy 8 an additional trisomy 21 was found; 
1 patient had a trisomy 9 and a trisomy 21. 

Detection of Residual Disease by RT ·PCR 

In 5 patients bone marrow samples could be 
analysed by RT-PCR in complete remission 
(CR) and/or relapse of the disease. These 
data are outlined in Fig. 1. Four of 5 patients 
(Nos. 1-4) were PCR-negative after induc
tion- and/or consolidation-therapy. 3 of 
these patients (No. 1-3) are in ongoing CR af-

2~~----------------------~O 

4~-------------------{O~--------------~.~~ • o---e 
14 ma 16 ma 

5 ..----I---------•• _BI----t • ...---I.--_. . / f---O 
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I 
4 

1 1 1 1 I 1 I 1 
5 6 7 8 9 10 11 12 

• o 
allo BMTIPBSCT auto BMTIPBSCT 

• • 
CR, PCR positive Relapse 

Fig.l.Detection of residual disease in inv(16) positive patients 
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ter 10-94 months. The fourth patient re
lapsed and was again CBFp/MYHll-posi
tive. He remained PCR-positive in second 
CR after therapy for relapse including autol
ogous peripheral stem cell transplantation. 
115 patients (No.5) remained PCR-positive 
in first CR after chemotherapy. He relapsed 
after high-dose-AraC consolidation, 
achieved a second CR but remained PCR
positive. After allogeneic peripheral stem 
cell transplantation he became PCR-nega
tive but died in CR. 

Discussion 

We report here the use of routine RT-PCR 
for the detection of CBFp/MYHll fusion 
transcripts, the molecular hallmark of the 
inv( 16) in a series of 329 unselected patients 
with de novo AML. Moreover, the 
CBFp/MYH 11 positive patients were further 
characterised by additional FISH and cytog
enetic analysis for numerical chromosomal 
aberrations and in five patients RT -PCR was 
used for the detection of residual disease 
after chemotherapy. In all patients under 
study a sufficient amount of RNA could 
be obtained for molecular analysis. 
CBFp/MYHll fusion transcripts were de
tected in 14/329 patients (4%).As previously 
shown, the "type P(' breakpoint at nucleotide 
1921 of the MYHII gene was also predomi
nant in our series of patients (6). The com
parison with conventional cytogenetic ana
lysis revealed a superior sensitivity of the 
PCR-technique: comparable to previous 
studies [2,8], in 4/14 patients (29%) the 
inv(16) had not been detected by banding 
analysis but had been diagnosed as 
del(16)(q22) or normal chromosome 16. In 
4/14 patients additional numerical chromo
somal aberrations were detected by FISH 
and cytogenetic analysis. These aberrations 
involved chromosomes 8,9 and 21. In con
trast, no loss of an X- or Y-chromosome, 
which is frequently associated with another 
recurrent structural chromosomal abnor
mality, the t(8;21)(q22;q22) [1] and no 
monosomy 7 was found in the 
CBFp/MYHll-positive patients suggesting 
a non-random pattern of the association 
between structural and numerical chromo-

somal aberrations. RT-PCR analysis in 5 pa
tients in complete hematological remission 
revealed a heterogeneity between these pa
tients with regard to response to the chemo
therapy on the molecular level: Whereas in 
some patients the CBFP/MYHll positive 
clone could be reduced below the detection 
level by standard induction chemotherapy, 
in others, as previosly described [7,9] a posi
tive PCR result was obtained even after high
dose AraC consolidation or autologous pe
ripheral stem cell transplantation. However, 
one of these patients became PCR-negative 
after additional allogeneic bone marrow 
transplantation indicating that the leukemic 
clone might be eradicated by further escala
tion of the therapy. PCR analysis in clinical 
complete remission to detect patients at 
high risk for relapse has been used especial
ly in patients with translocation t(15;17) 
where the recurrence of the characteristic 
PMLlRARa fusion transcripts precedes 
clinical relapse by several months [10]. In 
contrast to that, in our five CBFp/MYHll 
positive patients studied for residual dis
ease, no clear correlation between PCR re
sults and clinical outcome could be observed 
in that the two relapses occurred regardless 
of a previous positive or negative PCR result 
comparable to patients with t(8;21), where 
AMLlIETO transcripts are frequently ex
pressed by patients in remission [11]. Taken 
together, PCR-analysis for CBFp/MYHl1 fu
sion transcripts should be performed in all 
AML patients at diagnosis to allow an opti
mal sensitivity for the detection of this prog
nostically important cytogenetic aberra
tion. Because of the high frequency of addi
tional numerical chromosomal changes 
PCR-analysis should be accompanied by 
FISH and banding analysis. The clinical rele
vance of the detection of residual clonal cells 
in clinical complete remission as a basis for a 
response-adapted chemotherapy however 
has to be determined in prospective studies. 
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Abstract. Detection of the PML-RAR alpha 
messenger RNA in patients in clinical remis
sion is an indicator of relapse in APL. Early 
salvage therapy is considered in this situ
ation. Therefore, the PML-RAR alpha tran
script status is an useful tool in monitoring 
the clinical course of APL. 

Patients. Transcription of PML-RAR alpha 
was analyzed in 39 patients. 26/39 have been 
treated with anthracyclin/ara-C containing 
regimens, with or without ATRA. In 20 pa
tients, sequential blood and/or bone mar
row specimens were available in the course 
of the disease. In 11 patients only initial di
agnostic material, and in 8 patients, material 
in clinical remission was available. 

Methods. A set of 6 primers was used to am
plify chimeric PML-RAR alpha transcripts 
of different genomic breakpoints by two step 
RT-PCR. cDNA synthesis was performed 
using random primed total RNA. The sensi
tivity of PML-RAR alpha detection was 10-4• 

For validation, PCR products were se
quenced. cDNA quality was shown by quan
tification of abl-transcripts in the same sam
ples. 

Results. L-type transcripts were amplified in 
16 cases, whereas S-type transcripts were 

found in 9 patients. Of 17 patients who have 
been monitored during the course of the dis
ease, one was treated with ATRA alone be
cause of concomitant diseases. In this pa
tient the PML-RAR alpha was still detectable 
after 6 months and 8 months after diagnosis. 
All other patients (n = 20) in clinical remis
sion after chemotherapy alone or in combi
nation with ATRA remained PCR negative 
3.3-48 months after diagnosis (median, 14.5 
months). 

Conclusion. In all chemotherapy treated pa
tients no molecular relapse has been ob
served so far. This result correlates with our 
clinical data. 

Introduction 

The acute promyelocytic leukemia (AML) is 
characterized by the occurrence of t(15;17), 
a reciprocal chromosomal translocation 
which fuses genes encoding the PML on 
chromosome 15 and the nuclear retinoic 
acid receptor alpha on chromosome 17 [1, 
2]. This genomic rearrangement leads to the 
formation of two functional chimeric genes 
PML-RAR alpha and RAR alpha-PML [3,4]. 
Transcription of these chimeric genes pro
vides potential molecular markers that can 

1 III. Medizinische Klinik Mannheim der Universitat Heidelberg, Germany 
2 Medizinische Klinik A, Universitat M tinster, Germany 
3 Institut fUr Medizinische Biologie, Universitat Wien, Austria 
4 II. Medizinische Klinik, Universitat Kiel, Germany 
5 Virchow Klinikum, Robert -Rossle-Klinik, Humboldt -Universitat zu Berlin, Germany 
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be detected in leukemic cells of almost 100% 
of APL patients by reverse transcription 
polymerase chain reaction (RT-PCR) reach
ing a considerably greater sensitivity than 
conventional cytogenetics (70-80%) [5-7]. 
PMLlRAR alpha gene rearrangement leads 
to two different RNA isoforms (short and 
long form, respectively) depending on the 
location of the breakpoints on chromosome 
15. Furthermore one splicing variant of the 
L-form has been identified [3,7]. For moni
toring of the minimal residual disease detec
tion of PMLlRAR alpha fusion transcripts 
can be routinely used. Persistence or reap
pearance of a positive PCR for PMLlRAR al
pha after a negative period is correlated with 
a subsequent relapse [8]. However, a few of 
PCR negative patients show relapse. 

This highly sensitive method is being 
used with the following objectives. 

In supplement to cytology and cytogenet
ics the detection of PMLlRAR alpha sup
ports the diagnosis of the AML subtype M3. 
The monitoring of minimal residual disease 
(MRD) by the evaluation ofPCR status in the 
course of the disease serves as prediction pa
rameter for relapse. Furthermore, investiga
tion of bone marrow and PBSC for 
PMLlRAR alpha fusion transcripts can be 
used to assess quality of autologous trans
plants. 

Material and Methods 

Patients 

Specimens (either bone marrow or peri
pheral blood samples) of 39 patients with 
APL have been investigated. These specimen 
included samples of 11 patients at the time 
of initial diagnosis, of 19 patients at the time 
of initial diagnosis and at least once in the 
course of treatment. Of 9 patients, samples 
were available in the course of treatment 
only. Twenty six of 38 patients have been 
treated with Anthracyclin/ AraC containing 
regimens with or without all-trans retinoic 
acid (ATRA). Twenty two of these patients 
were treated with ATRA combined with a 
double induction strategy according to the 
protocol established by the cooperative 
AML study group (Prof. Dr. Buchner, 
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Munster) [9]. One patient was treated with 
ATRA alone because of concomitant diseas
es. 

RNA Preparation and cDNA Synthesis 

Total leukocyte RNA was extracted from 10 
to 20 ml of peripheral blood and/or from 1 to 
5 ml bone marrow aspirate after lysis of red 
blood cells [10]. Samples were received 
either locally or by mail and spent between 1 
to 4 days in transit. The extracted RNA was 
reverse transcribed by random priming 
using Stratagene's first strand cDNA synthe
sis kit according to the manual of the manu
facturer. 

Synthetic Oligonucleotides 

Primers were deduced using PML (Ace: 
X63131, M73778, S50913), RAR alpha (Acc: 
X56057, X56058, X58685) cDNA sequences 
obtained from EMBL/GB databases and syn
thesized with an Applied Biosystems oligo
nucleotide synthesizer. RAR alpha specific 
primers: GTGGTAGCCTGAGGACTTGTCC 
TGACAGAC (pI, corresponding to RAR 
alpha Exon 3 outside), GGCTGGGCAC 
TATCTCTTCAGAACTGCTGC (p2, corres
ponding to RAR alpha Exon 3 inside); PML 
specific primers: GGATGCTGTGCTG 
CAGCGCATCCGCACGGG (p4, correspond
ing to PML Exon A outside), TGGTGCA 
GAGGATGAAGTGCTACGCCTCGG (p5, 
corresponding to PML Exon A inside), 
ACAACGACAGCCCAGAAGAGGAAGTGC 
AGC (p6, PML Exon D), GCACACCC 
CGTGCCAGTGTACGCCTTCTCC (p7,PML 
ExonC). 

Nested PCR and Controls 

One tenth of the random primed cDNA was 
added to the first step PCR reaction mix (to
tal volume: 50 fil) containing 10 mM Tris pH 
8.3,50 mM KCI, l.5 mM MgC12, 0.001 % gela
tine, 0.25 mM each dNTP, l.5 U Taq DNA
polymerase (Boehringer, Mannheim), 25 
pmol of each oligomere primer set (for de
tection of L-transcripts: p1+p7, for S-tran-



scripts: pI +p4). Using a Biometra Trioblock 
DNA thermal cycler PCR cycle parameters 
were: hot start at 94°C for 5 min, 16 cycles: 1 
min 94°C, 2 min 60 DC, 2 min 72 DC, final ex
tension step: 7 min at 72 dc. 3 III of product of 
the first round PCR were added into the sec
ond round of PCR using primers sets p2+p6 
and p2+p5 for amplification of PMLlRAR 
alpha L- and S-transcript, respectively, 
under the same reaction conditions except a 
cycle number of 32. To detect possible traces 
of genomic DNA in the RNA preparations 
PCR with an abl specific primer set as de
scribed by Cross et al. [11] was performed. 
Negative controls containing water instead 
of template were also included in each ex
periment. 

Generally, 1/5 of the PCR reactions was 
separated by agarose gel electrophoresis 
(3% NuSieve (BioRad), 1% agarose), and 
amplification products were visualized 
under UV light after ethidium bromide 
staining. 

As an internal standard for cDNA quality 
abl was quantified in all samples using a 
competitor plasmid construct and a set of 

different oligonucleotide primers [11, 12]. 
RNA quality was expressed as the ratio 
between the PCR products obtained with 
wild type abl and synthetic abl competitor 
(absolute number of competitor molecules 
added to the PCR reaction: 104 to 106). The 
lower limit for RNA samples to be used in 
PML/RAR alpha PCR was set to a log equiv
alence point of 3.5. Strict precautions were 
taken to prevent contamination of samples, 
and all experiments included negative con
trols from all stages of the reactions. 

Results 

A two-step RT -PCR was used for detection of 
PMLlRAR alpha fusion transcripts in RNA 
from peripheral blood cells/bone marrow of 
39 patients with APL. For differentiation of 
the two common types of fusion transcripts 
(L-form and S-form) specific primer sets 
were employed in each step of the nested 
PCR. Figure 1 shows the PCR products of the 
second PCR step demonstrating two speci
men with S-type and 3 samples with L-type 

bp M 744 1001 1005 1018 1012 998 

800 

600 
~ 555 bp 500 

400 

300 
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~ 225 bp 

100 

L s neg. L s L neg. 

Fig.l.Detection of PMLlRAR alpha fusion transcripts by nested RT-PCR. 1/10 of the amplification products 
obtained in the second round of PCR was separated by gel electrophoresis (3% NuSievel1% Agarose) and 
visualized by ethidiumbromide staining. Sizes: transcript type L: 225 bp; S: 555 bp. No products were detect
ed in RT-PCR using RNA of a healthy individual (sample 1005) and water as template (neg. control) 
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Fig.2.Monitoring of minimal residual disease by RI
peR of PMLlRAR alpha fusion transcripts. 101 RNA 
samples of 39 patients in the course of their disease 
were investigated. Abbreviations: 0 peR negative, 
• peR positive, T date of hematologic complete re
mission 

fusion transcripts. The amplification prod
ucts resembling the S-type display the ex
pected size of 225 bp, those resembling the 
L-type match 555 bp in length. So far, 101 
samples derived from 39 patients have been 
investigated (Fig. 2). Transcripts of L type 
were found in 71 % of cases (22/31) whereas 
S type transcripts were detected in 29% of 
patients (9/31). Of 8 patients samples only 
taken in status of complete hematological 
remission were available and therefore, the 
type of PML/RAR alpha fusion transcript 
could not be analyzed. 

All patients (n = 20) in clinical remission 
after chemotherapy alone or in combination 
with ATRA remained PCR negativ 3.3-48 
months after diagnosis (median, 14.5 
months) as shown in Fig. 2. No molecular re
lapse has been observed so far. This result 
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correlates with our clinical data as no patient 
under chemotherapy regimen with and 
without ATRA showed a clinical relapse so 
far [9]. One patient was treated with ATRA 
alone because of concomitant diseases. In 
this patient the PML/RAR alpha transcript 
was detectable 6 and 8 months after diagno
SIS. 

A sensitivity of 10-4 in the nested PCR was 
reached as calculated from dilution series 
mixing RNA from APL blasts with normal 
(negative) RNA. In the first step of the nested 
PCR the sensitivity was only 10 1• 

Discussion 

One objective of our study is to improve di
agnosis of patients with APL and to investi
gate the influence of PML/RAR alpha fusion 
type (S, L type) on prognosis and clinical 
outcome. A second goal is the monitoring of 
minimal residual disease during therapy. As 
shown by Fenaux and Chomienne, the re
currence of PML/RAR alpha positivity pre
ceedes the clinical relapse [8]. In our collec
tive, all patients who reached PCR negativity 
for PML/RAR alpha remained negative so 
far. These findings match our clinical data as 
no patient so far investigated showed a clini
cal hematological relapse. Nevertheless, the 
period of observation has to be prolonged. 

Previously, it has been described [6] that 
sporadically, PCR negative patients showed 
clinical relapse. This could be due to a long 
interval between the last sample collection 
and the observed relapse. To overcome this 
problem, sample collections in closer inter
vals can improve monitoring of APL pa
tients. 

Another explanation is the still low sensi
tivity (10-4) of PML/RAR alpha detection by 
RT -PCR which is caused by the very low 
transcription rate ofPML/RAR alpha in ma
lignant cells of APL patients [12]. The stimu-
1ation of PML/RAR alpha transcription can 
be attained by in vitro cultivation of mono
nuclear cells isolated from APL patients in 
medium containing alpha interferon. By in
crease of the PML/RAR alpha transcription 
level in cells of the malignant clone, an 
earlier detection of the recurrent disease 
might be possible in APL patients. 
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Fig. 3. Sensitivity of nested PCR for detection of PMLlRAR alpha S- and L-fusion transcripts: 1/ 1 0 of the am
plification products obtained in the first (upper panel) and second round (lower panel) of PCR was separat
ed by gel electrophoresis (3% NuSievel1 % Agarose) and visualized by ethidiumbromid staining. Amplified 
products are indicated by arrowheads: S-type, length: SSS bp; L-type, length: 225 bp). Corresponding primer 
sets used in first and second round of amplification were: S-type: 1 +4, 2+5: L-type: 1 +7,2+6. Marker 100-
base pair ladder 

Taken together, an improved detection of 
PMLlRAR alpha by RT-PCR could lead to an 
earlier detection of the recurrent disease 
and therefore, could improve the prognosis 
by an early salvage therapy in APL patients. 
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Detection Limits of Malignant Cells with Leukemia-Associated 
Phenotype (LAP) in Acute Myeloid Leukemia 

S. SCHUTZ, A. VASARHELYI, D. GROVE, W. HIDDEMANN, B. W ORMANN 

Abstracts. Leukemic blasts in AML show ab
errations in the expression of cytoplasmic 
and cell surface antigens from normal he
matopoiesis in about 80% of all cases. Multi
parameter flow cytometry with double and 
triple combinations of monoclonal, directly 
fluorescence-conjugated antibodies may be 
used for detection of Minimal Residual Dis
ease. The level of sensitivity of this method 
for the different marker combinations has 
not been unequivocally established. 

Bone marrow aspirates of22 patients with 
de novo and secondary AML were investi
gated at diagnosis for identification of the 
individual LAP. Patients had one, two or 
more informative LAPs. To determine detec
tion limits, aspirates of 18 patients with mor
phologically normal bone marrow served as 
controls. Leukemic samples were diluted 
into normal bone marrow aspirates at con
centrations from 0.01 % up to 10.0% and an
alysed in the informative scatter gate. Leuk
emia associated phenotypes were classified 
as asynchronous in 7 cases, aberrant in 14 
cases and combined asynchronous and 
aberrant in 6 cases. The lowest detection 
limit was 0.01 % in 4 cases, 0.05% in 2 cases, 
0.1 % in 2 cases, 0.5% in 6 cases, 1 % in 5 cases, 
5% in 11 cases and 10% in 2 cases. The high
est sensitivity was achieved in combinations 
of CD34 with CD7, CDl4 or CDl5. 

Our data show that the limit of the immu
nophenotypic detection of persistent leu-

kemic cells varies between different pa
tients. The sensitivity has to be determined 
individually in prospective studies of Mini
mal Residual Disease. 

Introduction 

Leukemic blasts in AML show aberrations in 
the expression of cell surface and cytoplas
mic antigens from normal hematopoiesis in 
about 80% of all cases, called leukemic asso
ciated phenotype (LAP). LAPs are classified 
as aberrant, asynchronous and combined 
asynchronous-aberrant. Multiple combina
tions of monoclonal antibodies against cell 
surface antigens are used to discriminate 
normal and hematopoietic progenitor cells. 
This offers the possibility to detect persis
tent leukemic cells (MRD) during chemo
therapy with significantly higher sensitivity 
than light microscopy. Prospective studies 
show a correlation of detection of MRD in 
hematologic complete remission and a sig
nificantly worse long term prognosis for 
these patients. MRD monitoring could be a 
basis of patient selection for more intensive 
treatment strategies, which are associated 
with high morbidity and mortality. How
ever, the detection limits for cells with aber
rant or asynchronous antigen expression 
have not been formally established for the 
multiple antigen combinations. 

Department of Internal Medicine, Division Hematology/Oncology, Georg-August-Universitat, G6ttingen, 
Germany 
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Material and Methods 

Patients 

Bone marrow aspirates of 22 patients with 
de novo and secondary AML were investi
gated at diagnosis. Diagnosis and FAB-clas
sification were based on light microscopy 
and cytochemical staining (PAS, POX, Este
rase). Aspirates from 18 adults with hemato
logically normal bone marrow served as 
controls; 17 of all 22 patients included in this 
study were adults, 14 with de novo, 3 with 
secondary AML. Five cases of childhood de 
novo AML were investigated. The subtypes 
according to FAB criteria are presented in 
Table 1. Aspirates from 18 adults with he
matologically normal bone marrow served 
as controls. 

Cell Preparation 

The preparation of leukemic as well as nor
mal bone marrow aspirates for FACS analy
sis started with erythrocyte lysis using am
moniumchloride solution in a concentra
tion of 10%. Aspirates and ammoniumchlo
ride solution were incubated in a proportion 
of 1:13 for 8 minutes at 36°C and centrifu
gated at 330 gfor 7 min at room temperature. 
The pellet was resuspended in 2 ml PBS solu
tion and washed twice by centrifugation at 
330 g for 5 min. The cells were resuspended 
in 1-2 ml PBS solution and adjusted to a con
centration of 5 x 106 cells/ml. 100 III of the 

suspension was incubated with 5-10 III 
monoclonal directly fluorescence-conjugat
ed antibodies at 4 °C for 20 min in triple 
combinations. Undiluted leukemic and nor
mal bone marrow aspirates served as posi
tive and negative controls. Leukemic cells 
with the informative LAP were diluted into 
normal cells at concentrations from 0.01, 
0.05,0.1,0.5,1,5 to 10%.After a final centrif
ugation at 330 gfor 5 min the cells were pre
pared with 0.5 ml PFA (paraformaldehyde 
0.5%). 

Flow Cytometry (FCM) and Data Analysis 

FCM analysis was performed on a FACScan 
(BDIS) using the FACScan Research Soft
ware (BDIS).A standardized instrument set
up was achieved by adjusting the light scat
tering detectors with lymphocytes binding 
CD8, CD4 and CD20 in a standard position 
of forward light scatter (FSC) and orthogo
nallight scatter (SSC). FSC and SSC signals 
and two fluorescence signals were deter
mined for each cell and data of 20 000 events 
were stored in list mode data files. The anal
ysis of the four dimensional data was per
formed with PAINT-A-GATEPlus software 
(BDIS). The program transforms the SSC 
parameter according to a polynomial func
tion by which the resolution between cell 
population in SSC increases and permits the 
identification of multiple cell populations in 
the multidimensional data space. 

Table 1. FAB classification of patients included in this study 

Ml M2 M3 M4 M4Eo M5 Unclass. 

n 3 6 5 5 

Table 2. Triple antibody combinations (Biomed protocoll995) for the initial characterisation of the individu
alLAP 

CDl5 (MMA,FITC) 
CDl5 (MMA,FITC) 

CD2 (S5.2, FITC) 
CD7 (8H8.l, FITC) 

CDw65 (88H7, FITC) 
CD6l (RKK-PL, FITC) 

CDl3 (SJIDl,FITC) 

1038 

CD34 (QBENDl,PE) 
CD1l7(95C3,PE) 
CD56 (MY3l, PE) 
CD 13 (L 138 PE) 
CDllb (Dl2,PE) 

Glyc.A (D2.l0, PE) 
CD33 (P67.6, PE) 

HLA-DR (L243,PERCP) 
CDl4 (ToK4, TRIC) 
CD33 (4D3, TRIC) 

CDl9 (4G7,PERCP) 
CD4 (SK3, PERCP) 

CD45 (2Dl, PERCP) 
CD34 (QBENDl, PE-CY5) 



Antibodies and LAP 

At diagnosis we investigated the leukemic 
bone marrow aspirates with a standardized 
AML protocol (Table 2) for identification of 
the individual LAP. We determined an indi
vidual blast gate for every patient and ana
lyzed every step of dilution as well as the 
normal bone marrow within this gate. 

Results 

Informative Antibody Combinations 

The immunophenotypic staining of each 
leukemic aspirate with triple colour 
immunofluorescence lead to a high number 
of possibilities of double and triple anti-

Table 3. Informative antibody combinations 

LAP n 

CDZ/33/34 
CDls/s6/34 Z 
CD34114 
CDZ/34 
CD7/33/34 3 
CDs6/34 4 
CD7/33 
CD7/34 5 
CDls/34 7 

Only combinations which are informative in more 
than one patient are listed. 

body combinations which can individually 
used as LAP regarding the phenotypic 
heterogeneity of AML. Some combinations 
were identified in more than one patient 
(Table 3). 

100.00% r 
10.00% 1 

LAP 1.00%-. 
f 

0.10% 1 
0.01% 

0.00% ~-.~~~_ 

0.00% 0.01% 1.00% 100.00% 

leukemic bone marrow 

Fig.l.Dilution experiment with leukemic bone mar
row from patient K O. (adult) with CD7 FTT/s6 
PEI14 TRIC positive cells with normal bone marrow 

100.00% [. 34+/~ 
10.00% 

LAP 1_00% 

0.10% 

0.01% _L"'Ul'!_~~. 'J"~...w~_. "".-1 

0.00% 0.01% 1.00% 100.00% 

leukemic bone marrow 

Fig.2.Diiution experiment with leukemic bone mar
row from patient N.A. (child) with CD34 FITC/14 
TRIC positive cells with normal bone marrow 

Table 4. Incidence of LAP positive cells in normal bone marrow 

Aberrant % Asynchr. % Combined % 

CDZ/33 0.05 CD14/34 O.oI CDZl1s/34 0.05 
CDZ/34 O.oI CDls/34 O.Zl CD7/34/14 0 

CDZ/33/34 0.01 CD1sI117 0 CD7l1s/34 0.04 
CD7/13 0.71 CDls/34/DR 0.07 CDls/s6/34 0 
CD7/33 0.93 CDls/117/34 0.01 CD34119/14 0 
CD7/34 0.04 CD331117 0 CD34/s6/14 0.01 

CD7/13/14 0 CD331117/14 O.OZ 
CD7113133 0.15 
CD7/33114 0.01 
CD7/33/34 0.19 
CD19/34 0 
CDs6/33 0.17 
CDs6/34 0.15 

CD34/s6/33 0.05 
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LAP-Positive Cells in Normal Bone Marrow 

LAPs were expressed in normal bone mar
row in rates between 0% and 0.93% (Table 
4). In 20 of the 27 antibody combinations the 
expression of LAP was below 0.1%. Triple 
combinations varied between 0% and 0.19% 
which is lower than in the double patterns. 
CD7/13/14, CD19/34, CD15/117, CD33/117, 
CD7/34/14, CD15/56/34 and CD34/19/14 
were not expressed in normal bone marrow 
samples; 99% quantiles were set as limit of 
negative control. 

Detection Limits of Leukemic Cells with LAP 

In the 22 patients 27 different double or 
triple leukemic associated marker combina
tions were identified. The LAPs were classi
fied as aberrant in 14 cases, asynchronous in 
7 cases, combined asynchronous and aber
rant in 6 cases. The lowest detection limit 
was 0.01 % in 4 cases, 0.05% in 2 cases, 0.1 % 
in 2 cases, 0.5% in 6 cases, 1 % in 5 cases, 5% 
in 11 cases and 10% in 2 cases. The highest 
sensitivity was achieved in double combina
tions of CD34 with CD7, CD14 or CD15 (Ta
bles 5-7). These combinations do not have 
necessarily the lowest expression rates in 
normal bone marrow. The correlation of the 
number of positive cells in pure leukemia 
and the respective detection limit are shown 
in Fig. 3. 

Patient H.A. (child) had 58% CD7/34 pos
itive blasts in 100% leukemic bone marrow, 

100.00% 

10.000/. 

1.00% 
LAP 

0.10% 

0.01% 

the detection limit was 0.01 %. There was an 
inverse correlation between the number of 
CD7/34 positive cells and the detection lim
it: A patient with 22% CD7/34 positive cells 
had a detection limit of 0.5%, a patient with 
2% had a limit of 5%, while patients with 
even lower numbers of 0.1 % and 0.03% had 
no positive blasts in the respective gate (lim
it at 100%). 

Comparison of Double with Triple Antibody 
Combinations 

Eight cases with similar expression rates in 
pure leukemia were compared according to 
their double and tripe antibody combina-

Table S. Detection limits and expression in pure leuk
emic suspensions of asynchronous LAPs 

Asynchronous 

CD14/34 (Fig. 2) 

CD15/34 

0.31 
1.1 

0.17 
CD15/117 

CD15/34/DR 
CD15/117/34 

CD331117 
CD33/117/14 

normal bone 
marrow 

% in pure Detection 
leukemia limit % 

26 0.01 
44 0.01 
29 0.1 
45 0.01 
1.2 1 
17 1 
8.4 5 
100 
100 
100 
1 100 

6.7 1 
0.7 100 
1.1 10 

0.27 100 

Fig. 3. Comparison of sensi
tivity in 4 patients with iden
ticaiLAP. 

0.00% 1t--~~..,.~-,&.ue-~-'-'B'""8~--'--'I!I"4~"_uw'j 

Legend: Four patients H.A. ( -
child), B.A. (adult, 0), R.I. (
adult,L),F.R. (adult, 0) with 
CD7/34 positive cells in dilu
tion experiment with nor
mal bone marrow. The 
curves show individual de
tection limits of the LAP. 
Normal bone marrow ex
pression is marked as limit 
of negative control 

0.00% 0.01% 0.10% 1.00% 10.00% 100.00% 

leukemic bone marrow 
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Table 6. Detection limits and expression in pure leuk- Table 8. Comparison of double with triple antibody 
ernie suspensions of aberrant LAPs combinations 

Aberrant 
leukemia 

CD2/33 
CD2/34 

CD2/33/34 

CD7/13 
CD7/33 

CD7/34 (Fig. 3) 
(Fig. 3) 
(Fig. 3) 
(Fig. 3) 

CD7/13114 
CD7/13/33 
CD7/33/14 
CD7/33/34 

CD19/34 
CD56/33 
CD56/34 

CD34/56/33 

% in pure 
limit % 

32 
0.38 
1.1 
1 

7.4 
1.4 
0.5 
2.8 

0.11 
0.21 
0.44 
0.71 
58 
22 
2.0 
0.1 
0.6 
10 
15 
83 
2.4 

0.14 
6.8 

0.04 
17 
1.8 
16 
17 

0.02 

Detection 

0.5 
5 
5 

100 
1 
5 

100 
100 
100 
100 
100 
100 
O.ol 
0.5 
5 

100 
5 
5 

100 
5 
10 
100 
0.5 
100 
0.5 
5 
5 
5 

100 

Table 7. Detection limits and expression in pure leuk
ernie suspensions of combined aberrant-asynchron 
LAPs 

Combined % in pure detection 
leukemia limit % 

CD2/15/34 0.08 100 
CD7/34/14 4.4 1 
CD7/15/34 8.8 0.5 
CD15/56/34 12 0.05 

1.7 0.5 
CD34119/14 17 0.05 

CD34/56/14 (Fig.1) 12.7 0.1 

tion (Table 8). Five triple combinations 
showed a higher sensitivity, one double 
combination was more sensitive than triple 
and two comparisons were equivalent. 

Discussion 

Methods for detection of MRD include PCR 
for analysis of fusion gene transcripts or 

LAP % in pure Detection Sensitivity 
leukemia limit % 

CD7/34 2.0 5 
CD7/33/34 2.4 10 Double higher 

CD2/34 1.1 5 
CD2/33/34 1.4 5 Equivalent 
CD15/34 8.4 5 

CD 15/34/DR 6.7 1 Triple higher 
CD7/15/34 8.8 0.5 Triple higher 
CD15/34 17.1 1 

CD15/56/34 12.5 0.05 Triple higher 
CD56/34 1.8 5 

CD15/56/34 1.7 0.5 Triple higher 
CD56/34 17.1 0.5 
CD56/34 17.3 5 

CD34/56114 12.7 0.1 Triple higher 
CD34114 26.4 0.01 

CD34/56/14 12.7 0.1 
CD34/19/14 17.1 0.05 Equivalent 

clonal gene rearrangements, clonogenic 
growth ofleucemic cells in vitro and multi
parameter flow cytometry. Due to the iden
tification of individual LAPs in about 80% of 
all cases [8] and the prognosticimpact [4,5], 
multiparameter flow cytometry is suited for 
the detection of MRD. The purpose of this 
study was to identify detection limits of 
leukemic blasts with aberrant, asynchro
nous or combined aberrant-asynchronous 
antigen combinations in AML. 22 patients 
were investigated at diagnosis for the indi
vidual LAP using triple-color immunofluo
rescence. Several other studies have defined 
positivity by a limit of 20% LAP expressing 
cells [4]. In our study also low numbers of 
positive cells of different antigen combina
tions in pure leukemic bone marrow were 
regarded as a leukemia associated immuno
phenotype. As previously reported [7] our 
data show heterogeneity of AML in the aber
rant expression of antigens, but also in the 
antigen density of the respective cell surface 
markers. In addition, acute myeloid leuk
emia may consist of several subpopulations. 
Sensitivity can be increased by gating on a 
defined population. Depending on that blast 
gates, different levels of sensitivity for detec
tion of cells with leukemia-associated phe
notype in normal bone marrow may result. 
Thus, the LAPs CD7/CD13 and CD7/CD33 
have not been detected in up to 106 cells of 
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normal bone marrow aspirates [1,3]. In con
trast to these studies, in 20 of all 27 antigen 
combinations the expression varied 
between 0.01 and 0.93% in normal bone 
marrow after aquiring 20000 cells. The 99% 
quantile of expression in normal aspirates 
was 0.93% for CD7/33 and 0.71 % for CD7 lB. 
The comparatively high expression of leuk
emia associated phenotypes in normal bone 
marrow aspirates may be explained by the 
use of different blast gates in light scatter 
profiles. Especially the exclusion of unspe
cific antibody binding monocytes has not 
been solved. The scatter profiles for blasts in 
our set of patients with AML included the 
monocytic scatter gate. In order to standard
ize detection of minimal residual disease, 
more studies on expression of cells with a 
leukemia associated phenotype in normal 
bone marrow are necessary to avoid false 
positive results. Unequivocal limits were set 
in 7 antigen combinations, where no blasts 
expressing respective combinations in nor
mal bone marrow were found. It is remark
able that five of these cases were triple com
binations. The question of distinction in 
antigen expression in normal and regener
ating bone marrow has to be considered. We 
suggest that the process of cell maturation of 
regenerating bone marrow could produce 
lineage restricted failures which could be 
identified as asynchronous LAPs. In account 
to the identification of triple combinations 
at diagnosis and analyzing triple and respec
tive double combinations at least two LAPs 
were attached to every patient. In other stud
ies [3] more than one atypical antigen com
bination was present in only 10% of all in
vestigated AML cases. The higher propor
tion of several LAPs per patient may be ex
plained by the acceptance of low numbers of 
positive blasts for the LAP. In a comparison 
of staining techniques, triple combinations 
were more sensitive than double combina
tions in 5 of 8 samples with similar expres
sion rates in pure leukemic aspirates in both 
groups. The highest sensitivity was achieved 
in patients with CD7/34, CDl4/34, CDl5/34 
positive blasts. The detection limit was 
0.01 % for these cases, the expression in pure 
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leukemic aspirates varied between 26 and 
58%. The highest number of positive cells in 
pure leukemic bone marrow for triple com
binations was 17%, which may underline the 
role of initial expression of LAP for the sen
sitivity. The results show the high sensitivity 
of FCM for detection of MRD in AML but the 
relative sensitivity has to be determined for 
each individual sample. Our data suggest the 
possibility to set an initial LAP with the 
highest sensitivity in double or triple combi
nation for different patients prior to pros
pective trials of MRD monitoring. 
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and D. ADAM 13 for the Study Group of the PEG Infections in Hematology and 
Oncology 

Abstract. The aim of this study was to evalu
ate the efficacy and safety of an empiric ther
apy escalation scheme comprising the early 
institution of antifungals. The study was 
conducted at more than 20 German hospi
tals over a 5-year-period beginning in 1991. 
Patients with a documented infection or 
fever of unknown origin (FUQ) were ran
domized to receive empiric therapy Step I: 
either an extended spectrum penicillin 
(Pen) or cephalosporin (Ceph), each in com
bination with an aminoglycoside (Amg). 

Those patients who did not defervesce 
after 72 h of therapy were randomized to re
ceive Step II: imipenem-cilastatin (Imi) and 
a glycopeptide (Glp) or Imi + Glp + flucona
zole (Fluc) or Imi + Glp + amphotericin B 
(AmB) + 5-flucytosin (5FC). 

After further 72 h of unsuccessful treat
ment patients were randomized to receive 
Step III: Pen + Ceph + Amg + AmB + 5FC or 
quinolone + Amg + AmB + 5FC. 

In case of pneumonia AmB with or with-

out 5FC was added; 1041 patients were ran
domised; 934 (89.7%) patients were evalu
able for the intention-to-treat analysis. 
Underlying diseases were: 54.5% AML, 
19.1 % NHL, 13.6% ALL! AUL, 7.3% M.Hodg
kin, 5.6% others. Initial diagnoses were 
82.2% FUQ, 9.1% pneumonia, 8.8% other 
documented infections. 

FUQ responded to therapy in Step I in 
51.8%, in Step II in 59.1 % and in Step III in 
12/23 patients. The response rates as treated 
in Step II were 55.6% (Imi + Glp) vs 77.8% 
(Imi + Glp + AmB + 5FC), and 62.5% (Imi + 
Glp + Fluc). 

The overall response including all modifi
cations of therapy was 97.7% (FUQ), 94.5% 
(bacteremia), 78.2% (pneumonia) and 
88.8% (other documented infections); 6.5% 
patients died within the study period. 

We conclude that the supplementation of 
amphotericin B after 72 h of unsuccessful 
empiric therapy improves the response rate 
in neutropenic fever of unknown origin. 
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5 Department II of Internal Medicine, Universitat Kiel, 24116 Kiel, Germany 
6 Department III of Internal Medicine, Klinikum Mannheim der Universitat Heidelberg, 
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12 PEG-Studienzentrale, POB 830156, 81701 Miinchen, Germany 
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Introduction 

Intensified chemotherapy leads to longer 
and more severe periods of immunosup
pression. Therefore the advent of potent cy
tostatic regimens is accompanied by an in
creased risk of infections during the time of 
low leukocyte counts [1]. Approximately 
50-60% of neutropenic patients defervesce 
under the initial antibiotic regimen. There is 
a lack of data evaluating second-line anti
biotic regimens in those patients who do not 
defervesce. The Paul Ehrlich Gesellschaft 
(PEG) focused on this problem in treatment 
protocols for patients with fever and infec
tion during neutropenia. 

PEG Study I 

The first PEG protocol (1985-1990) imple
mented a sequential therapeutic strategy de
vided into three steps. While the initial anti
biotic combination therapy (B-Iactam plus 
aminoglycoside or double B-Iactam) was 
successful in 68.4%, the Step II escalation 
regimens supplementing a double B-Iactam 
by either vancomycin or an amino glycoside 
resulted in a mere 50.3% response [2]. The 
Step III escalation consisted of changing the 
antibiotic regimen to double B-Iactam or 
imipenem-cilastatin and/or adding rifampi
cin plus amphotericin B plus 5-flucytosin. 
The response rate was 72.7%. As a conse
quence antifungal therapy was introduced 
into Step II in the PEG Study II. 

Material and Methods 

Inclusion Criteria 

Patients were included into the study if they 
developed fever above 38.4 °C during abso
lute neutrophil count <1000/f.tl. For eligibil
ity patients had to be diagnosed one of the 
following underlying diseases: acute leuk
emia, chronic myelogenous leukemia in ac
celeration, advanced myelodysplastic syn
drome,high grade non-Hodgkin's lympho
ma or Hodgkin's disease stages lIB - IV ac
cording to the Ann Arbor system. 
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Exclusion Criteria 

The main exclusion criteria were impaired 
liver or kidney function, antibiotic therapy 
within the preceding 7 days and HIV infec
tion. 

For antibiotic escalation scheme in neu
tropenic patients with fever of unknown 
origin see flowchart (Fig. I). 

Results 

Patient Population 

During a 5-year-period from 1991 to 1996 
1041 patients were included into the proto
col. Of these 107 (10.3%) eluded evaluation. 
934 (89.7) patients were analysed according 
to intention-to-treat. In terms of efficacy 74 
(7.1 %) patients were not assessable, so that 
860 (82.6%) patients were evaluable for effi
cacy. 

Age ranged from 17 to 92 years (median 
45.3).551 (59.4%) patients were males and 
376 (40.6%) females. The underlying diseas
es (Fig. 2) were 54.5% acute myelogenous 
leukemia, 13.6% acute lymphocytic leuk
emia, 1.7% chronic myelogenous leukemia, 
1.0% advanced myelodysplastic syndrome, 
19.1% high grade non-Hodgkin's lympho
ma and 7.3% Hodgkin's disease. 

Infections at Entry 

On entering the study 767 (82.2%) patients 
had fever of unknown origin. 85 (9.1 %) had 
pulmonary infiltrates and 82 (8.8%) had 
other clinically documented infection. 

Response in Patients with FUO 

In the intention-to-treat analysis 397 
(51.8%) patients responded to the initial 
antibiotic therapy. There was no significant 
difference between both groups. Modifi
cation of therapy and protocol violations 
were considered as failures. In 304 (39.6%) 
patients initial therapy failed and 16 (2.1 %) 
patients died under the initial therapy. 50 
(6.5%) episodes were not assessable. 
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Fig. 1. Antibiotic escalation 
scheme in neutropenic pati
ents with fever of unknown 
origin 

& 
5-flucytosin 

Of the 304 non-responders to Step I, 171 
were escalated to Step II therapy according 
to the protocol. In Step II 10 1 (59.1 0/0) pa
tients responded and 53 (31.0%) patients 
failed. 2 (1.2%) patients died and 15 (8.8%) 
were not assessable. 

Twenty three patients were escalated to 
Step III. 12 (52.2%) responded to therapy, 
while 4 failed. One (4.3%) patient died and 6 
(26.1 %) patients were not assessable in this 
step. 

Clinical response was achieved in 55.6% 
of patients treated with imipenem-cilastatin 
plus vancomycin; those patients treated ad
ditionally with amphotericin B & 5-flucyto
sin responded in 77.8%. Patients under 
treatment with imipenem-cilastatin plus 
vancomycin plus fluconazole defervesced in 

62.5%. Overall response for Step II therapy 
of fever of unknown origin was 64.5% 

At end of study the overall response in
cluding all modifications of therapy was 
97.7% in patients with fever of unknown 
origin. 

Discussion 

We report on an escalation scheme in the 
antibiotic therapy of fever in neutropenic 
hosts that comprises the early supplementa
tion of antifungals. The Infectious Diseases 
Society of America proposed the intention
to-treat analysis for the evaluation of anti
infective drugs for the treatment of febrile 
episodes in neutropenic hosts [3]. Accord-
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ing to this guideline the primary response 
rate of 51.8% is comparable to the results of 
several large studies recently published [4, 
5] , Besides the intention-to-treat analysis, 
the overall response describing the clinical 
outcome is of paramount importance, In
cluding all modifications of antibiotic ther
apy the overall response in this clinical trial 
was 97.7% in patients with FUO. In our pa
tients with fever of unknown origin the 
overall mortality was 1.6%, These data are 
close to those reported from other groups 
[6,7,8]. The efficacy of a sequential strategy 
with imipenem-cilastatine alone after fail
ure of different initial regimens has been 
found to be 60% in episodes of fever of un
known origin [9]. The addition of glycopep
tides as second-line empiric therapy result
ed in a response rate of 70% [10]. In this 
study the overall response to the second
line therapy was 64.5%. In comparison to 
the PEG Study I the response rate of Step II 
therapy was improved from 50.3% to 64.5% 
[11]. 

In conclusion the sequential anti-infec
tive strategy described is safe and effective, 
and encourages the early administration of 
antifungals in the treatment of neutropenic 
fever of unknown origin. 
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PEG Study III 

AML 
54% 

Fig.2. Underlying diseases in 
934 evaluable patients 

As a consequence, the PEG Study III, which 
started in early 1997, will maintain the sec
ond-line administration of a quinolone plus 
a glycopeptide. This combination therapy 
will be supplemented randomly by either 
amphotericin B or fluconazole. Several clini
cal trials suggested, that monotherapy is as 
safe and effective as combination therapy 
[12,13,14]. For that reason the initial thera
pies compared in Study III are the combina
tion of a 6-lactam plus an aminoglycoside 
versus carbapenem and cefepime mono
therapy. 
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Abstract. In febrile neutropenic patients with 
acutes, empirical antimicrobial intervention 
is mandatory. Large randomized clinical 
trials have elucidated the benefit of broad
spectrum beta lactam antibiotics used as 
single drugs or in combination with amino
glycosides in order to provide activity 
against gram-negative aerobes as well as 
against streptococci and Staphylococcus au
reus. As a result, infection-related mortality 
could be reduced to less than 10 per cent also 
in patients undergoing intensified remission 
induction or consolidation therapy. Distinct 
subgroups of patients have been identified 
who need an empirical modification of anti
microbial treatment, i.e. patients with cathe
ter-related infections, patients with pulmo
nary infiltrates and patients with unex
plained fever not responding to first-line 
antibiotics. In two consecutive, prospective
ly randomized trials conducted by the Paul 
Ehrlich Society it was demonstrated that 
empiric antifungal therapy is beneficial for 
second-line treatment in patients with per
sistent unexplained fever and should be part 
of first-line approach in patients with lung 
infiltrates. The empirical addition of glyco
peptides, however, should be restricted to 
patients with catheter-related infections due 
to coagulase-negative staphylococci. In pa
tients with life-threatening infections such 
as sepsis or documented fungal pneumonia, 

the adjunctive treatment with recombinant 
hematopoietic growth factors must be con
sidered, even though the empirical addition 
of these factors is not justified on a routine 
basis. 

Infections in Neutropenic Patients 

Patients with profound neutropenia in
duced by intensive myeloablative chemo
therapy have an approximately 90% risk of 
acquiring an infectious complication. The 
causative microorganism remains unknown 
in 70% of all febrile episodes (fever of un
known origin, FUO). Since the majority of 
these cases can be successfully treated with 
antimicrobial agents even in the absence of 
sufficient numbers of neutrophils, it can be 
assumed that they are caused by infectious 
agents [1,2]. 

In microbiologically documented infec
tions, the spectrum of microorganisms in
volved has change markedly over the past 
two decades. Before the introduction of anti
microbials with high activity against gram
negative aerobes including Pseudomonas 
species, these pathogens were by far domi
nating [3]. Due to the use of oral antimicro
bial prophylaxis targeting these gramnega
tive organisms as well as of long-term 
indwelling venous catheters, gram-positive 

Virchow-Klinikum Medizinische Fakultat der Humboldt-Universitat zu Berlin, Robert-Rossle-Klinik am 
Max-Delbriick-Centrum fUr Molekulare Medizin,Dept. for Hamatologie, Onkologie und Tumorimmunolo
gie, Lindenberger Weg 80, l3122 Berlin, Germany 
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Table 1. Typical pathogens associated with characteristic clinical symptoms 

Clinical symptoms 
Erythema/pain at venous access 
Mucosal ulcers 
Single point-like erythemas 
Necrotising skin lesions 
Retinal infiltrates 
Diarrhea, meteorism 
Enterocolitis, perianal lesion 
Lung infiltrates ± sinusitis 
Interstitial lung infiltrates + retinal hemorrhage 

cocci have become the dominating patho
gens isolated in these patients. With the pro
longation of drug-induced neutropenia, the 
frequency of secondary or superinfections 
caused by pathogens resistant to the estab
lished broad-spectrum antimicrobial regi
mens, first of all pathogenic fungi, increases 
markedly. 

In 30% of infectious episodes, a clinically 
identified focus may provide useful evi
dence with respect to the causative micro
organisms (Table 1). 

Beyond this typical association of clinical 
findings with causative microorganisms, the 
spectrum of involved pathogens changes ac
cording to the time of detection after the on
set of fever. In early microbiologically docu
mented infections, the proportion of gram
positive cocci is approximately 50% and of 
gram-negative aerobes about 40%, whereas 
fungi, mostly Candida and Aspergillus spp., 
are isolated infrequently. In infections with 
delayed microbiological documentation, 
i.e., samples positive later than 5 days after 
first fever, fungi can be isolated in more than 
50% of cases, whereas the proportion of 
both gram-negative as well as gram-positive 
bacteria decline to about 25% each [2). In 
patients with pulmonary infiltrates, how
ever, this pattern of isolated microorgan
isms is markedly different with (mostly fila
mentous) fungi dominating also in early mi
crobiologically documented cases [4,5). 

Empirical Antimicrobial Approach to Febrile 
Neutropenic Patients 

Since it could be demonstrated that infec
tions in neutropenic patients can be asso-

Typical pathogens 
Coagulase negative staphylococci 
Alpha hemolytic streptococci, Candida spp. 
Gram-positive cocci, Candida spp. 
Pseudomonas aeruginosa,Aspergillus spp. 
Candida spp. 
Clostridium difficile 
Polymicrobial inc!. anaerobes 
Aspergillus spp., mucoraceae 
Cytomegalovisus 

ciated with 50% mortality when not appro
priately treated [6), numerous clinical stud
ies during the past 30 years have been con
ducted to elucidate the use of empirical 
broad-spectrum antimicrobial treatment. 
Discrepancies between results reported 
from these studies were caused by the het
erogeneity of criteria for patient inclusion 
and for response assessment. Therefore, rec
ommendations for the design and reporting 
of results of clinical trial have been elaborat
ed by consensus conferences of the Immu
nocompromised Host Society as well as of 
the Infectious Disease Society of America in 
the early 1990s [7-9). Since then, the major
ity of large scale clinical studies have been 
conducted in accordance with these recom
mendations and shown less heterogenous 
results [10-15). 

Criteria for the institution of empirical 
antimicrobial treatment in neutropenic pa
tients are clearly defined (Table 2). 

A careful physical and radiological exam
ination is mandatory to discriminate 
between cases of unexplained fever (FUQ) 
and those with a clinically documented fo
cus of infection (CDI). Standard procedures 
for microbiological analysis, particularly re
peated venous blood cultures, help to iden-

Table 2. Criteria for the institution of empirical anti
microbial therapy in neutropenic patients 

• Granulocyte count < 1.0 X 109/1 
• Oral temperature 2': 38.5 °C or 

at least twice 2': 38.0 °C within 12 h 
• No evidence of non-infectious cause of fever 
- Underlying malignancy 
- Transfusion of blood products 
- Drug reaction 

(cytokines, anthracyclines, antimicrobial agents) 
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tify microbiologically defined infections 
(CMDI), the latter being differentiated into 
those with and without bacteremia. 

Fever of Unknown Origin (FUO) 

Standard regimens for empirical first-line 
treatment in patients with FUO are based 
upon beta-lactam antibacterials with cer
tain activity against gram-negative aerobes, 
particularly enterobacteriaceae and Pseu
domonas aeruginosa, streptococci and 
methicillin-susceptible Staphylococcus au
reus in combination with aminoglycoside 
antibiotics. Intent-to-treat analyses demon
strate complete response rates of 50 to 60% 
in these patients. Significant differences 
between third generation cephalosporins, 
acylaminopenicillins or carbapenems for 
the beta-lactam compound or different 
available aminoglycosides have not been de
tected [2, 10-15]. 

Very few data, however, are reported on 
escalating antimicrobial treatment regi
mens in patients not responding to first-line 
therapy. Thus, little is known about the char
acter of these non-responding cases of FUO. 
The only study group that included second
and third-line randomized treatment strate
gies is the Interventional Antimicrobial 
Strategy Study Group of the German Paul 
Ehrlich Society. This study group could 
demonstrate that supplementation of two
drug first-line combinations by a third anti
biotic in order to achieve a maximum anti
bacterial spectrum including multi-resist
ant pathogens, i.e., double beta-Iactam plus 
an aminoglycoside or plus vancomycin, only 
results in 50% response rates, whereas 75 to 
80% response can be achieved by the addi
tion of antifungals ([2], PEG Study II unpub
lished. Therefore, early supplementation of 
broad-spectrum antibacterials by a paren
teral antifungal agent appears to be appro
priate, because a substantial proportion of 
persisting FUOs might represent occult fun
gal infections. The implementation of an 
azole antifungal already into the empirical 
first-line approach in FUO patients, that has 
been reported as beneficial in defined sub
groups of neutropenic cancer patients [16], 
might be an overtreatment of 50 to 60% of 

1052 

these patients because they can be expected 
to completely respond to standard antibio
tics. 

The criteria for response assessment in 
FUO patients as defined by consensus pa
pers have been challenged with regard to 
the prognostic impact of persisting febrility 
in the absence of any other clinical sign of 
infection [17]. In a recently published trial, 
the EORTC-IATCG allowed to continue a 
randomly assigned treatment regimen also 
in case of persisting fever unless patients 
were clinically instable, thereby demon
strating that the median time to deferves
cence in FUO patients may exceed 96 h even 
if the allocated treatment is effective [11]. 
Data from a prospectively randomized trial 
comparing treatment modification with a 
continuation of the established regimen in 
patients with persisting FUO without any 
other critical sign of infection are not avail
able as yet. 

Overall, a complete response, defined as a 
stable defervescence without the need for 
any further antimicrobial treatment, can be 
achieved by systematically escalating anti
bacterial and antifungal therapy in approxi
mately 95% of patients with FUO [2,12]. 

Once patients being treated empirically 
for FUO have responded to antimicrobial 
treatment, the established regimen should 
be continued for at least 7 days in patients 
being persistently neutropenic, whereas in 
patients with neutrophil counts increasing 
to> 1.0 X 109/1 treatment can be discontin
ued after two days of stable defervescence. A 
follow-up, however, of at least 7 days after 
treatment termination, should be mandat
ory in order to record eventual secondary 
treatment failure. 

Clinically Documented Infections 

The identification of a focus of infection by 
physical examination or imaging proce
dures can be used for a more sophisticated 
selection of antimicrobial drugs for empiri
cal therapy. As outlined in Table 1, typical 
patterns of microorganisms are found in as
sociation with distinct clinical symptoms of 
infection. Although this pattern does not al
Iowa highly specified therapy, it gives reason 



for the recommendation that 
• In patients with abdominal and/or peri

anal signs of infection, anaerobe patho
gens should be included in the spectrum 
of antimicrobial activity. 

• In patients with skin or venous access in
fections, antibiotics with sufficient activ
ity against multi-resistant gram-positive 
cocci should be administered. 

• In patients with pulmonary infiltrates, 
early parenteral antifungal treatment di
rected against filamentous fungi must be 
considered 

• In patients with single point-like erythe
mas, antimicrobial agents active against 
gram-positive cocci should be part of the 
empirical treatment regimen. 

• In patients with symptoms of a severe 
enterocolitis, empirical administration 
of oral metronidazole or even an oral 
glycopeptide should be implemented at 
least until the results of microbiological 
analyses are available. 

With respect to the increasing frequency of 
vancomycin-resistant enterococci being se
lected in association with the widespread 
use of glycopeptide antibiotics, as well as to 
the high treatment costs and the potential 
for adverse events under vancomycin treat
ment, it must be pointed out that also in cas
es with evidence of skin and/or venous ac
cess infection, empirical supplementation of 
standard antimicrobial treatment by van
comycin or teicoplanin right from the start 
should be handled with caution. Numerous 
studies have demonstrated that delayed sup
plementation of these agents restricted to 
patients not responding to standard first
line regimens such as beta-lactam plus ami
noglycoside as well as to patients with multi
ply resistant staphylococci isolated from 
blood cultures provides an overall efficacy 
equivalent to the first-line empirical addi
tion of glycopeptides [18-21]. 

It must be underlined, however, that pa
tients with pulmonary infiltrates, docu
mented by conventional chest radiography 
or CT scan, have an extraordinarily high 
chance of having invasive fungal infections. 
Conventional microbiological analyses of 
bronchial secretions or bronchoalveolar lav
age samples usually fail to detect these fungi. 

The same must be stated for serological pro
cedures. The strictly repeated application of 
molecular diagnostics using polymerase 
chain reaction in bronchoalveolar lavage 
fluid samples has provided a high propor
tion of cases with suspect for a fungal pul
monary infection, however, this procedure 
needs to demonstrate its benefit in suffi
ciently large prospectively randomized clin
ical trials [22]. Considering the prognostic 
significance of early antifungal intervention 
in these cases, it must be recommended that 
the empirical first-line approach should in
clude amphotericin B, whereas fluconazole 
has no proven benefit in patients with pul
monary infiltrates not responding to a stan
dard antibacterial first-line regimen [23]. 
The spectrum of microorganisms others 
than fungi detected in neutropenic patients 
with pulmonary infiltrates includes gram
negative aerobic rods as well as streptococci 
and Staphylococcus aureus, and in rare cases 
also Pneumocystis carinii and Legionella 
pneumophila [ 4]. Since the latter two patho
gens can be easily detected in bronchioalve
olar lavage (BAL) samples by immunologi
cal methods, it is recommended to perform 
fiberoptic bronchoscopy and BAL in pa
tients not responding to an empirical anti
microbial first-line therapy. The implemen
tation of drugs active against these two 
pathogens, i.e., high-dose trimethoprim
sulfamethoxazole and a macrolide antibac
terial, into the empirical first-line treatment 
of patients with lung infiltrates is not en
couraged. 

Two major problems must be considered 
in febrile neutropenic patients with unex
plained lung infiltrates: 
• Microorganisms cultured from samples 

such as "sputum", saliva, nasal or oroph
aryngeal swabs, removed venous cathe
ter material or even from blood cultures 
must be interpretated cautiously with re
spect to their etiologic significance. In 
particular, coagulase-negative staphylo
cocci or Corynebacterium spp. isolated 
from blood cultures as well as selected 
bacteria such as enterococci or Candida 
spp. cultured from samples of the oroph
arynx or the upper airways can not be re
garded as causative pathogens in pa
tients with lung infiltrates. They may, 
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however, indicate other infections in ad
dition to pneumonia. 

• Non-infectious causes such as diffuse al
veolar hemorrhage, adult respiratory 
distress syndrome, radiation-induced 
pneumonitis, drug toxicity or lung in
volvement by the underlying malignan
cy may be present in approximately 20% 
of cases with unexplained lung infiltrates 
refractory to antimicrobial agents. In 
these cases, which may also present or 
persist beyond periods of neutropenia, 
transbronchial or open lung biopsy is 
recommended. 

Microbiologically Documented Infections 

Microbiological findings may be helpful for 
treatment modification in order to target 
antimicrobial activity and to avoid unneces
sary toxicity. Beyond this, the pattern of mi
croorganisms as well as their susceptibility 
profile provides important guidelines for 
the selection of empirical first-line antibi
otics in each institution. Therefore, micro
biological diagnostics are mandatory in all 
cases of febrile episodes in neutropenic 
patients. 

It must be emphasized, however, that the 
interpretation of microbiological findings 
should address the questions of the etiologic 
relevance in relation to the clinical presenta
tion of an infection and of the possible in
volvement of additional pathogens not de
tectable by the applied diagnostic method. 
The false interpretation of microbiological 
findings associated with lung infiltrates has 
been discussed above. In patients with ente
rocolitis, the isolation of pathogens from fe
cal samples may miss important other mi
croorganisms involved in the pathogenesis. 
Also in patients with venous catheter-asso
ciated infections, pathogens other than 
coagulase-negative staphylococci isolated 
from blood cultures may be involved but not 
detected [24-26]. Considering these diag
nostic pitfalls, it is not surprising that in 
prospective clinical trials on infections in 
neutropenic patients, microbiologically 
documented infections treated with "target
ed" antimicrobial drugs have shown no 
higher response rates than clinically docu-

1054 

mented infections treated empirically [2,4]. 
In cases of consistent microbiological 

findings allowing a more specific antimicro
bial therapy, the selection of appropriate 
drugs should be based upon the following 
criteria: 
• In vitro susceptibility profile of isolated 

pathogens. 
• Pharmacokinetic aspects (sufficient 

penetration to the focus of infection). 
• Toxicity profile. 
• Patient-related contraindications. 
• Personal experience with standard regi

mens. 
• Pharmaco-economic factors. 

Overall, a close interdisciplinary co-opera
tion of clinicians, microbiologists, radiolo
gists and clinical pharmacologists should be 
encouraged in order to improve the manage
ment of febrile neutropenic cancer patients. 
With respects to pharmaco-economic as
pects, however, the preference of presum
ably more favorable substances must be 
carefully balanced with regard to markedly 
higher treatment costs of multiple-drug 
"salvage" regimens and prolonged time re
quired for stable clinical response. 

Hematopoietic Growth Factors 

The prophylactic use of recombinant hemat-
0poietic growth factors such as granulocyte 
or granulocyte-macrophage colony-stimu
lating factor results in a significant reduc
tion of neutropenia and febrile episodes in 
patients undergoing myelosuppressive 
chemotherapy. Beyond this, also a function
al activation of mature granulocytes is in
duced by these cytokines. Therefore, also 
their interventional administration in neu
tropenic patients with severe infections has 
been subject to randomized clinical trials 
comparing their efficacy in comparison 
with placebo. The majority of these trials has 
not shown a significant benefit, yet a higher 
incidence of adverse effects and a significant 
increase of treatment costs [27, 28]. How
ever, single studies have indicated a signifi
cant improvement of treatment outcome as 
well as a reduction of treatment costs [29-
31], so that no definitive recommendation 



for the clinical management can be given. 
Optimization of drug selection, timing and 
dosing schedules might help to find a more 
appropriate place of growth factors in the 
setting of febrile complications in neutro
penic patients. Therefore, further well-de
signed, randomized clinical studies on the 
efficacy of interventional growth factors are 
encouraged. 

Future Perspective 

The efficacy of antimicrobial treatment 
strategies demonstrated by large clinical 
studies is excellent in neutropenic patients 
with unexplained fever (FDO) as well as in 
patients with clinically and/or microbio
logically documented infections apart 
from pulmonary infiltrates. The early de
tection of lung infiltrates and the prompt 
initiation of antifungal treatment in these 
patients has resulted in a significant im
provement of treatment outcome. However, 
invasive fungal infections, particularly 
those caused by filamentous fungi, remain 
a major challenge for the management of 
infectious complications in patients with 
high-grade hematological malignancies 
undergoing intensive myelosuppressive 
chemotherapy. 

Major improvements may be achieved by: 
• Minimally toxic yet highly effective beta

lac tam antibiotics suitable for mono
therapy. 

• Highly effective oral antimicrobial drug 
regimens allowing the avoidance or ab
breviation of hospitalization for paren
teral antimicrobial treatment. 

• New antifungal agents with superior effi
cacy against Aspergillus infections. 

• Effective approaches for chemo- and im
munoprophylaxis of infection. 

• Identification of significant prognostic 
factors allowing prospective stratifica
tion between high- and low-risk pa
tients. 

• Valid immunological techniques for 
non-invasive identification of infectious 
pathogens and for early detection oflife
threatening septic infections as well as 
for the reliable assessment of treatment 
response. 

• More appropriate and more effective ad
ministration of recombinant hemato
poietic growth factors. 
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Abstract. Two successive studies comparing 
tazocilline (12 g piperacillin + 1.5 g tazobac
tam/ day) + amino side (15 mg/k/day amika
cin in the first trial, 3 mg/kg/d tobramycin in 
the second) to ceftazidime (3 g/day) + ami
nos ide included 466 febrile episodes in pro
foundly neutropenic patients after chemo
therapy (or chemo-radiotherapy) for he
matological malignancies. Patients were 
treated for acute leukemia (72%), or auto
grafted for non-Hodgkin lymphoma or 
myeloma (25%), few patients for solid tu
mors. The mean duration of neutropenia 
was 21 days ± 11 (92% > 7 days); 466 febrile 
episodes were analysed for intention-to
treat, and were attributed to bacteremia in 
119 cases, to local infection in 178 cases, and 
were of unknown origin (FUO) in 169 cases. 
A majority of Gram positive strains (55.5%) 
was isolated at day O. The 72 h apyrexia was 
obtained more often (51.6% of the cases) 
with Tazocillin + amino side than with cef
tazidime + amino side (33.6%, p < 0.0001). 
This results was due to a better control of 
bacteremia (p = 0.03) and local infection (p 
= 0.006) with tazocillin + aminoside, but not 
FUO (p = 0.19). Identical results of both 
antibiotic associations were observed dur
ing the first course of antitumoral chemo
therapy, but tazocillin was significantly 
superior for 72 h apyrexia when fever oc-
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3 Service de Microbiologie, 
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curred during consolidation therapy (p < 
0.0001) or relapse treatment (p = 0.006). 
Superinfections due to Gram positive 
strains and major infectious events (infec
tious deaths and retardations of underlying 
disease treatment due to infection) were less 
frequent when patients received tazocillin + 
amino side (respectively p = 0.002 and p = 
0.02). The initial empirical antibiotic associ
ation remained unchanged and lead to a 
persisting apyrexia in only 20.3% of the cas
es treated with tazocillin + amino side, but 
this was significantly better than with the 
other association (9.5%,p = 0.02). 

Introduction 

During the past 20 years, the treatment of 
leukemia (Table 1), non-Hodgkin lympho
ma (NHL) and multiple myeloma has be
come progressively more and more aggres
sive, and led to an increasing duration of 
neutropenia and to a dramatic deterioration 
of digestive mucosa. Despite this fact, the 
proportion of infectious death during neu
tropenia did not change dramatically, and 
represented around 10% of the chemothera
py-induced neutropenia episodes in acute 
myelogenous leukemia (AML). This was due 
to the progress in the management of neu-



Table 1. AML EORTC protocols « 60 years old): 1978-1993 

Years Protocol Induction Consolidation 1 Conso 2/Maintenance Infectious 
deaths 

1978-1982 AMLS DoxSOx 1 + Doxx1 + 6MP+MTX 
Ara-C 160x7 Ara-Cx7 ? 

1983-1986 AML6 DNR30x3+ DNR30x1 + DNRx1 (6) 13% 
Ara-C200x7 Ara-C200x7 Ara-CxS 
VCR x 1 VCR x 1 

1987-1992 AML8 DNR4Sx3+ Amsax3 + DNRx3+ 8% 
HDAra-C 
orABMT 

1993- AMLlO Ara-C200x7 HDAra-C 
DNRSOx3 + HDAra-C Hemat stem cell 11% 
Ara-C 100 x 10 + + Anthrac. transplantation 
VP16x3 

tropenic febrile patients, and to the increas
ing efficacy of antibiotics. During the last 10 
years, the incidence of Gram positive strains 
(streptococci, staphylococci) became pre
dominent in bacteremia, and necessitated to 
revise the empirical antibiotic therapy [1]. 
One of the reference associations ceftazi
dime and amino side, did not sufficiently 
cover these Gram positive strains, which ex
plained the extensive use of glycopeptides, 
essentially vancomycin. Another strategy 
was to use an association of ureidopenicil
line and inhibitor of beta-lactamase, like 
tazocillin (piperacillin + tazobactam) [2], 
instead of ceftazidime. Tazocillin is not as 
potent as ceftazidime against pseudomonas, 
but this family of Gram negative bacilli is 
now rarely responsible for bacteremia, for an 
unexplained reason. In the other hand, tazo
cillin is a powerful antibiotic against a vast 
majority of Gram negative and positive 
strains (streptococci, but not staphylococci 
resistant to methicillin), including an
aerobies. 

For these reasons, we tested an associa
tion of tazocillin and amino side in severely 
neutropenic patients with fever, compared 
to the reference association [3], ceftazidime 
and aminoside. 

Patients and Methods 

Two successive trials using the same dose of 
tazocillin (4 g piperacillin/0.5 g of tazobac
tam/S h) and ceftazidime (1 g/S h) and ami-

noside (15 mg/kg/d of amikacin in the first 
trial, 3 mg/kgl d of tobramycin in the second 
study) were analyzed together. The first 
study was multicentric (8 French centers 
participated, including 219 patients), the 
second was mono centric (Hotel-Dieu, Paris, 
including 247 febrile episodes), but both in
cluded the same kind of adult patients (ex
pected neutropenia above 7 days): a major
ity of AML (57%), 15%, of ALL, 16% oflym
phoma and 12% of multiple myeloma 
undergoing autograft. Seventy % of the pa
tients were treated with heavy chemothera
py, the others by chemotherapy or 
chemo/radiotherapy followed by circulating 
stem cell or bone marrow autograft (23%) or 
allograft (4%), leading to a 20.9 ± 11 days of 
neutropenia « 0.5 X 109 PMN/l), with a du
ration above 7 days in 90% of the cases. For
ty seven % of the patients were in the first 
phase of their disease, 33% in complete re
mission, and 20% in relapse. Oral decontam
ination (non-absorbable, except in a few 
cases) was given in 48.7% of the cases. 

The inclusion criteria were the same: neu
tropenia below 0.5 X 109 PMN 11 (or expected 
to be so within 4S h), fever above 3S.5 °C dur
ing 3 h, and no isolation of strains resistant 
to ceftazidime or tazocillin before inclusion. 

Vancomycin was added at 72 h in the case 
of persistent fever in both branches in the 
first trial, but only in the case of microbio
logically documented resistance in the tazo
cillin branch in the second trial. Amphoter
icin B was added at day 5 of fever in both 
protocols. 
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We pooled the 2 trials, and check for the 
major endpoints retained for analysis of the 
466 febrile episodes ("intend to treat"): apy
rexia at 72 h without antibiotic modifica
tions, frequency of superinfections and ma
jor infectious events (MIE: infectious 
deaths, infectious events leading to a retar
dation of the cancer treatment), and use of 
vancomycin. 

The Chi2 test was used for discontinuous 
variables, and Student's t test for continuous 
variables. 

Results 

Table 2 shows the characteristics of the 466 
febrile episodes receiving one of the two 
antibiotic associations. The only borderline 
significant difference concerned the type of 
patients treated, with a higher number of pa
tients with acute leukemia in the ceftazidime 
group (p = 0.053). 

One hundred and eighty one micro-or
ganisms were isolated at day 0 from blood 
and sites of infection (Table 3). Three Gram 
positive strains represented half of the bac
teria: methicillin resistant (20%) and sensi
tive (15%) staphylococci, and streptococci 
(17%). Gram negative bacilli still represent
ed 44.7% of the micro-organisms, with a 
predominance of Escherichia coli (23.7%). 

The results of both regimens are present
ed in Table 4. The apyrexia without antibio
tic change was more frequently obtained in 
the tazocillin branch (51.4% vs. 33.6%, P < 
O.OOOl), but was limited to fever related to 
bacteremia and local infections. The results 
on septicemia was rather poor (46% a pyrex
ia after Gram (-) bacteremia, 29% after 
Gram (+) bacteremia for the best associa
tion, i.e., tazocillin + aminoside), but corre
sponded to the apyrexia at 72 h: the negativ
ity of blood cultures were certainly satisfac
tory, but were not systematically noted. No 
difference between antibiotics was observed 
for the FUO group. 

The patients treated for the first times did 
not show any difference for antibiotic re
sponse (45.6% apyrexia with tazocillin vs. 
40% with ceftazidim, p = 0.7), but the pa
tients receiving subsequent antitumoral 
chemotherapy had a better control of their 
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Table 2. Comparison of both cohorts at inclusion 
(day 0) 

Tazo.+ Cefta. + p value 
Amino- Amino-
side side 

Number of 221 245 
febrile episodes 

Underlying disease 
Acute leukemia 68% 76% p= 0.053 
Non Hodgkin 32% 24% 
Iymphomal 
Multiple myeloma 

Phase of the disease 
First phase 48% 46% p=0.9 
Complete remission 32% 35% 
Relapse 20% 19% 

Type oftreatment 
Induction 70% 73% p=0.18 
chemotherapy 
Autograft 27% 22% 
Allograft 3% 5% 
Oral 
decontamination: 51% 47% p= 0.36 

Type of infection 
Bacteremia 24% 28% p= 0.46 
Local infection 41 % 37% 
FUO 36% 35% 
Gram (-) strains DO 30 44 p=0.2 
Gram (+) strains DO 44 47 
Number of days 
with 20.3 ± 21.4± p=0.3 
< 0.5 X 109 PMN!l lOd 12 d 

Table 3. Micro-organisms responsible for infections 
at DO 

Bacteremia and strains from local infections: 

• Gram (-) bacilli: 81 strains (44.7%) 
- E. coli :43 (23.7%) 
- Pseudemonas aeruginosa : 11 
- Klebsiella :9 
- OtherGram(-)B :18 
(4 Fusobacter, 3 Enterobacter cloacae, 2 Citro
bacter, 2 Morganella morgani, 2 Proteus mirabi
lis, 1 Bacteroides fragilis, 1 Acinetobacter bau
mani, 1 Leptotrichia bucchalis, 1 Captocytopha
ga sputigena, 1 Hemophilus parainfluenza) 

• Gram (+) strains: 100 strains (55.2%) 
- Staph Methi R :36 (20%) 
- Streptococci :31 (17%) 
- Staph Methi S :27 
- Other Gram (+) :6 
(1 Pneumococcus, 2 Clostridium, 1 Bacillus, 
1 Stomatococcus, 1 Enterococcus) 



Table 4. Results of both antibiotic regimens first febrile episode when treated empirical-

Tazo.+ Cefta. + pvalue Iy with tazocillin and aminoside (59 vs. 31 % 
Aminoside Aminoside for consolidation, 54.5 vs. 24.4% for relapse, 

Apyrexia at 72 51.4% 33.6% P < 0.0001 
P < 0.0001 and p = 0.003, respectively). This 
could be explained by the increasing occur-h, no AB change 
rence of Gram positive strains during con-

In patients with: solidation (Fig. i). 
Bacteremia 39% 22% p=0.04 The occurrence of superinfections (bac-
(119 fe) 
Gram (-) 46% 39% p=0.3 teremia or local infections) were more fre-
bacteremia quent in the tazocillin group (16 vs. 25%, P = 
Gram(+) 29% 12.5% p= 0.06 O.Ol),and these superinfections were less se-
bacteremia vere under tazocillin (8% MIE vs. 15%, P = Local infec- 52% 32% p= 0.005 
tions (178 fe) 0.02). The frequency of infectious deaths is 
FUO (158 fe) 58% 48% p= 0.19 the same in the two branches (5.4% in the 
Oral deconta- 50.5% 27.7% p< 0.0001 tazocillin branch, 7.2% in the ceftazidime mination (225 fe) 
No oral decon- 52% 39.5% p= 0.05 branch). 
tamination (237 fe) The duration of neutropenia could ex-
In s.atients during: plain the very low rate of "complete success", In uction 45.6% 40% p=0.7 
treatment (217 fe) i.e., when the first antibiotic association was 
Consolidation 59% 31% p< 0.0001 maintained unchanged until PMN recovery, 
treatment (153 fe) with a persisting apyrexia: only 20.3% of the 
Relapse treat- 54.5% 24.4% p= 0.003 
ment (89fe) febrile episodes were treated with tazocillin 

and aminoside alone, versus 9.5% with cef-
After 72 h: occurrence of: tazidime and aminoside (p = 0.001). This is 
sureer- 16% 25% p= 0.01 largely explained by the possibility of using in ections 
Major infec- 8% 15% p= 0.02 vancomycin in case of persisting fever in the 
tious event patients treated with ceftazidime, because of 
Includin3 in- 5.4% 7.2% p=0.6 the risk of streptococci bacteremia [4]. This fectious eaths 

explains also the higher frequency of use of 
"Complete" 20.3% 9.5% p=O.OOI vancomycin in the ceftazidime-treated pa-
AB success tients (83.5 vs. 64.5% in the tazocillin group, 
(persisting arrexia 
without AB c ange) p<O.OOOi). 
Number of days A documented fungal infection (septice-
with fever during mia with candida in 8 cases, 2 organ candida neutropenia 6.5 ± 6 d 7 .5 ± 7 d p=O.l 

abcesses, pulmonary aspergillosis in 10 cas-

1 0 +-------------i=t-

Fig. 1. Occurrence of micro
organisms responsible for 
septicemia according to the 
phase of the underlying dis
ease 
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Table S. Risk factors for fungal infections 

Antibiotic regimen: 

Fungal 
infection 
20/466 

Tazo + amino side 3.2% 
{221 fel 
Cefta + aminoside 5.3% 
{245 fel 
Underlying disease: 
Acute leukemia {336 fel 5.1% 
Other( 130 fe l 2.3% 
1st phase of the hemato- 4.6% 
logical disease {217 fel 
Complete remission 3.9% 
(ISS fel 
Relapse {89 fel 4.5% 
Cancer Treatment: 
Induction treatment 
{326 fel 5.2% 
Autograft (I07 fel 1.9% 
Allograft (I6 fe l 6.2% 
Oral antibacterial 4.9% 
decontamination {225 fel 
No decontamination 3.8% 
(237 fel 
Type of first infection (DO) 
Septicemia {119 fe l 2.5% 
Local infection (I78 fe l 5.6% 
FDO (161 fel 4.3% 
Apyrexia at 72 h 

pvalue 

p= 0.25 

p=0.18 

p=0.97 

p= 0.39 

p= 0.56 

p=0.6 

Yes (195 fel 2.1 % P = 0.04 
No {253 fel 5.9% 
Major infectious event 
Yes (54 fel 25.9% p < 0.0001 
No {412fel 1.5% 

Fungal No fungal 
infection infection pvalue 

Duration of 
neutropenia 25 ± 11 days21 ± 11 daysp= 0.11 
Number of 
days with 
fever 15 ± 9 days 6.7 ± 6 days p < 0.0001 
Duration of 
antimicrobial 
treatment 30 ± 15 days21 ± 12 daysp = 0.002 

es) was diagnosed in 20 patients (4.3%), and 
was highly correlated with the M I E (p < 
0.0001). We try to identify the predisposing 
factors for these fungal infections (Table 5), 
and showed that neither the antibiotic given, 
nor the phase of the disease were linked to 
systemic fungal infection in our study. The 
higher amount of total antibiotics received 
could only be due to the persisting fever ob
served in these patients (15 ± 9 days versus 
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6.7 ± 6 days in patients with no fungal infec
tions, p < 0.0001). When neutropenia dura
tion was analyzed according to the occur
rence of candida or aspergillosis documen
tation, a trend was observed for a longer 
neutropenia in the aspergillosis group (20.7 
± 11 d in patients without fungal infections, 
23.3 ± 9 d in patients with candidosis, 26.7 
± 13 d in patients with aspergillosis,p= 0.2). 

Discussion 

We conducted two successive studies com
paring the association of an ureidopenicillin 
(piperacillin), an inhibitor of betalactamase 
(tazobactam) and an amino side, to the asso
ciation of reference ceftazidime and amino
side as empirical treatment in neutropenic 
patients. The results of the first trial showed 
an advantage for tazocillin, with a higher in
cidence of 72 h apyrexia, a lower frequency of 
superinfections and less days with fever [5, 
6]. These results are unusual for these kind of 
trials, comparing empirical antibiotic associ
ations: an "absence of difference" is generally 
observed [7]. Cometta et al. reported the re
sults of an EORTC proto cole using the same 
empirical antibiotic combination at higher 
dosages - piperacillin/tazobactam 16/2 g 
daily plus amikacin 20 mg/kg daily vs. ceftaz
idime 6 g daily plus amikacin - tested in 706 
febrile and neutropenic cancer patients. The 
result of 72 h apyrexia with the Tazocillin 
plus amikacin combination was statistically 
of borderline significance (61 % response for 
tazocillin versus 54% response for ceftazi
dime plus amikacin, p = 0.05). This trial, as 
others conducted by EORTC, included all 
kinds of cancer patients, including those 
with very short neutropenia. 

To confirm the efficacy of tazocillin in he
matological patients, we decided to compare 
in our center the same ~-lactamins at the 
same dosage, but associated with tobramy
cin, according to the absence of resistant 
strains to aminosides observed locally. The 
cumulated number of febrile episodes ana
lyzed was high for the category of patients 
treated, with a mean duration of neutrope
nia above 20 days, and permitted an analysis 
of circumstances where tazocillin + amino
side association was interesting to use em-



pirically. When a patient received oral de
contamination and was treated for consoli
dation or relapse (usually with high doses of 
cytosine arabinoside), empirical tazocillin + 
amino side gave more often apyrexia than 
ceftazidime + aminoside. The frequent oc
currence of streptococci during consolida
tion treatments and, at a less extend during 
relapse treatment, as observed in our study, 
could explain the advantage to use tazocillin. 
On the other hand, no differences were ob
served between the 2 associations in the pa
tients treated for induction of acute leuke
mia, and a different strategy, using less ex
pensive antibiotics, could probably be tested. 

No differences were observed in the infec
tious mortality between the 2 antibiotic reg
imens, and the incidence of deaths due to 
micro-organisms was rather low, according 
to the severity of the neutropenia episodes. 
The major cause of death were systemic fun
gal infections (documented or suspected), 
as now in patients with prolonged neutrope
nia [8], and we tried to check for variables 
predictive for occurrence of such infections. 
It was surprising to note that the duration of 
neutropenia was not found as a major pre
dictive factor for fungal infection. A more 
important parameter could be the cumula
tive duration of the previous neutropenia 
episodes, but these data are lacking in our 
study. A relationship was already described 
between the doses of vancomycin received 
and the occurrence of candido sis [9]. We ob
served a higher consumption of vancomycin 
and other antibiotics when a fungal infec
tion occurred, but it was probably only due 
to the persisting fever, leading to the use of 
empirical antibiotics. 

It is probably possible, with an extended 
analysis of risk factors for Gram( -), 
Gram( +) micro-organisms and fungal in
fections in neutropenic patients, to propose 
a "targeted" empirical antibiotherapy in 
such patients. 

References 

1. Hugues WT, Armstrong D, Bodey GP, Feld R, 
Mandell GL, Meyers JD et al. (1990) Guidelines 
for the use of antimicrobial agents in neutro
penic patients with unexplained fever. Journal 
ofInfectious Diseases 161: 381-396 

2. Guttman L, Kitzis MD, Yamobe S, Acar JF (1986) 
Comparative evaluation of a new a-Iactamase 
inhibitor, YTR830, combined with different b
lac tam antibiotics against bacteria harboring 
known b-Iactamases. Antimicrobial Agents 
Chemotherapy 29: 955-957 

3. Marie JP,Vekhoff A,Pico J,ZiUoun R (1995) Cef
tazidime 3 grams per day for the empirical 
treatment of 498 febrile episodes in severely 
neutropenic patients. Advances Experimental 
Clinical Chemotherapy 1: 7-15 

4. Pico J, Marie JP, Chiche D, Guiguet M, Andre
mont A, Lapierre V (1993) Should vancomycine 
be used empirically in febrile patients with pro
longed and profound neutropenia? Results of a 
randomized trial. European J Medicine 2: 275-
280 

5. Marie JP, Pico JL, Lapierre V, Maulard C, Pappo 
M, Chiche D et al. (1991) Traitement empirique 
des episodes feb riles survenant chez les patients 
cancereux presentant une neutropenie 
prolongee: essai comparatif ceftazidime seul, 
ceftazidime + amikacine et cetinzidime + van
comycine. Med Mal Infect 21: 386-388 

6. Marie JP, Vekhoff A, Pico JL, Guy H, Andremont 
A, Richet H (1997) Neutropenic infections: a re
view of the French co-operative febrile aplasia 
study group trials on 607 febrile episodes. J 
Antimicrobial Chemotherapy, in press 

7. Cometta A, Zinner S, de Bock R, Calandra T, 
Gaya H, Klastersky J, Langenaeken J, Paesmans 
M, Viscoli C, Glauser MP (1995) Piperacillin
tazobactam plus amikacin versus ceftazidime 
plus amikacin as empiric therapy for fever in 
granulocytopenic patients with cancer. The 
International Antimicrobial Therapy Coopera
tive Group of the European Organization for Re
search and Treatment of Cancer. Antimicrobial 
Agents and Chemotherapy 39: 445-452 

8. Beyer J, Schwartz S, Heinemann V, Siegert W 
(1994) Strategies in prevention of invasive pul
monary aspergillosis in immunosuppressed or 
neutropenic patients. Antimicrobial Agents and 
Chemotherapy 38: 911-917 

9. Richet HM, Andremont A, Tancrede C, Pico JL, 
Jarvis WR (1991) Risk factors for candidemia in 
patients with acute lymphoblastic leukemia. Re
views Infectious Diseases 13: 211-215 

1063 



Acute Leukemias VII 
Experimental Approaches and Novel Therapies 
Hiddemann et al. (eds) 
© Springer-Verlag Berlin Heidelberg 1998 

Management of Febrile Neutropenia in 396 Episodes in Acute Leukemia 
Patients with Once-Daily Administration of Ceftriaxone 

Abstract. Introduction. Purpose of this study 
was to evaluate the efficacy of ceftriaxone in 
a multicenter non randomized trial as first
line treatment in acute leukemia patients 
with febrile neutropenia under chemothera
py. Additional antibiotics were added as 
clinically indicated. 

Material and Methods. Patients with a neu
trophil count < 1000//11, fever >38.5°C 
and/or C-reactive-protein (CRP» 1.0 mg/dl 
were included. 396 evaluable neutropenic 
febrile episodes were documented from 38 
centers from February 1992 to January 1996. 
Patients::; 15 years of age received 80 mg/kg 
BW ceftriaxone (max. 4g/d), > 15 years 2g 
per day. Age distribution was as follows:::; 15 
years n=158, > 15 years n=238. Mean CRP 
was 5.1 mg% (SD ± 6.0), mean maximum 
temperature 39.0 °C (SD ± 0.7), median Kar
nofsky-performance score 6.0, mean neu
trophil count 368//11 (SD ± 313). In 264 of396 
evaluable episodes (64.9%) FUO was diag
nosed. The mean treatment duration was 7.9 
days. In 94 episodes initial treatment was 
with ceftriaxone alone, and combination 
therapy was given in 302 cases (aminoglyco
sides+/ -glycopeptides). 

Results. Response to initial treatment was 
observed in 205 episodes(51.8%). Non-

responders (n=191) to initial treatment re
sponded to an escalated or alternate antibio
tic regimen in 80.6% (n=154). A total of 359 
(90.7%) documented responses were ob
tained. 

Conclusion. Ceftriaxone can be considered 
as a safe and adequate first-line treatment in 
febrile neutropenia. The addition of glyco
pep tides or aminoglycosides should be con
sidered in non response or suspected non
sensitive microorganism. 

Introduction 

Standard management of febrile neutropenia 
consists of the administration of broad-spec
trum antimicrobial agents after appropriate 
evaluation. This therapeutic concept has led 
to a significant improvement in the treatment 
and outcome for immunocompromised und 
immunosuppressed patients. The antibiotic 
regimens being proposed for the treatment of 
infections in febrile granulocytopenic pa
tients with acute leukemia include combina
tion therapy of various antibiotics in order to 
achieve broad gram-positive and gram-nega
tive antibacterial coverage and also to mini
mize the development of resistance [1,2,3]. 
Not all febrile neutropenic patients have the 
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same risk for developing complications. Re
cently developed risk assessment strategies 
can help to identify low-risk patients at the 
onset of febrile episodes. 

These low-risk patients might be treated 
with once daily parenteral administration of 
an antibiotic resulting in a better utilization 
of resources, and a greater patient compli
ance as a result of an enhanced quality of 
life, possibly in an outpatient setting. The 
pharmacokinetic and antibacterial profile of 
ceftriaxone allows to consider this drug at
tractive for single-dose therapy, alone or in 
combination. Ceftriaxone has a long half
live, and its spectrum of activities includes 
most gram-positive cocci, which are the pre
dominant pathogens in patients with cancer 
and neutropenia, and gram-negative rods 
(with the exception of Pseudomonas spe
cies). However, Pseudomonas species are 
now less common isolated in patients with 
cancer and granulocytopenia, as shown in 
other studies [4] . Thus, the need for amino
glycoside-containing combination must be 
reassessed in view of this striking epidemi
ological change [5]. 
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The convenience and potential cost -effec
tiveness of once daily administration of 
antibiotics in patients with leukemia 
prompted this large non-randomized trial, 
in order to determine, whether ceftriaxone 
alone or in combination is a safe and ad
aequate first-line therapy in patients with 
acute leukemia and whether an outpatient 
treatment might be possible in clinically 
stable patients. 

Material and Methods 

From February 1992 to January 1996, 396 
neutropenic febrile epsiodes were docu
mented in 355 patients from 38 centers in a 
multicenter non-randomized trial. Patients 
were included if they had fever ~ 38.5 °C, a 
neutrophil count::; lOOO/,,11, and/or a C-reac
tive-protein(CRP} > 1.0 mg/dl, and a pre
sumed infection (i.e., fever not likely to be 
due to a noninfectious cause such as drug or 
blood product administration, etc.). The 
trial had no age limitation. Age distribution 
is shown in Fig 1. Ceftriaxone was adminis-
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>10- >15- >20- >30- >40- >50- >60 -
70 
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15 20 30 40 50 60 

Fig.1. Age distribution age (years) 
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tered once daily at a dose of 2 g i. v. (patients 
> IS years) or 80 mg/kg i.v. in patients ~ IS 
years. Additional antibiotics were allowed 
and added as clinically indicated. 

The primary endpoint of the trial was the 
success rate of the first line treatment and 
the need for antibiotic modification. Minor 
endpoints were culture results, feasibility in 
an outpatient treatment, response in an out
patient management, and adverse events. 

Recommended pretreatment investiga
tions included medical history, physical ex
amination, documentation of clinical infec
tion sites, blood cultures, midstream speci
men of urine, swabs from any other sites of 
infection, C-reactive protein, and chest x
ray. 

Febrile episodes were classified as docu
mented infection without bacteremia 
(FUO), cinically documented infections, and 
microbiological documented infections 
with bacteremia. Patients were evaluated in 
the beginning of therapy and the complete
tion of the therapeutic trial (i.e. overall eval
uation), additional examination was recom
mended as clinically indicated. 

Treatment was regarded to be successful, 
if fever and clinical signs of infection (when
ever present) resolved and if the infecting 
microorganisms (whenever isolated) were 
eradicated without change of allocated anti
bacterial therapy and the temperature de
clined to < 38.S °C. 

Therapy was considered as a failure when 
the patient died of the primary infection 
during the observation period, when a 
breakthrough bacteremia was documented, 
and when the documented pathogen was re
sistant to the ceftriaxone medication and no 
response was seen, which usually prompted 
modification of or addition to the protocol 
antibacterial therapy in an attempt to eradi-

Table 1. Clinical characteristics of 355 evaluable patients 

Age :0; 15 years 
N % 

Episodes 158 46.3% 
·AML 44 12.9% 
• ALL 106 31.1% 
• AUL 0 0.0% 
• Blast crisis in CML 0 0.0% 
• Other 8 2.3% 
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cate the primary infection. However, modifi
cation of the concomitant ceftriaxone anti
biotic was allowed but was considered as a 
failure of the first line treatment. 

Patients were excluded, if they had a neu
trophil count > 1000/111 , fever < 38.S °C, 
known or suspected hypersensitivity to cef
triaxone, known resistance of the causative 
organism to ceftriaxone, i.v. pretreatment 
with cephalosporines. 

Results 

In 3SS patients 421 neutropenic febrile epi
sodes were documented; 2S episodes were 
withdrawn from analysis because they did 
not meet the inclusion criteria, however, 
these patients were included in the safety 
analysis. Clinical characteristics of the re
maining 3SS evaluable patients are illustrat
ed in Table 1. 

Thus 396 episodes were evaluable in the 
intent-to-treat analysis for response to anti
bacterial therapy. Age distribution: ~ IS 
years n=IS8, >IS years n=238. Initial treat
ment was ceftriaxone alone in 94 episodes, 
and combination therapy in 302 cases, which 
consisted mostly in aminoglycosides 
(n=214) +/-glycopeptides (n=71). Antibio
tic treatment was started in 34 patients in an 
outpatient setting « IS years: n=26 / > IS 
years: n=8), and in 28 patients « IS years: 
n=23/ > IS years: n=S) on an inpatient basis 
and continue later on to a outpatient. 

The median duration of neutropenia was 
14 days in patients ~ IS years and 12 days in 
patients >IS years. The mean CRP was S.1 
mg% (SD± 6.0), the mean maximum tem
perature was 39.0°C (SD±0.7). The median 
Karnofsky-performance score was 6.0, and 
mean neutrophil count 368/111 (SD ± 313). A 

Age> 15 years Total 
N % N % 

238 42.5% 396 44.0% 
150 26.8% 194 21.5% 
55 9.8% 161 17.9% 

5 0.9% 5 0.6% 
18 3.2% 18 2.0% 
9 1.6% 17 1.9% 



Table 2. Infectious manifestations 

Age $; 15 years Age> 15 years Total 
N % N % N % 

FUO 110 69.6% 154 64.7% 264 66.7% 
Defined infection 48 30.4% 84 35.3% 132 33.3% 
• Pneumonia 6 3.8% 37 15.5% 43 10.9% 
• Sepsis 12 7.6% 16 6.7% 28 7.1% 
• Skin/soft tissue 

infections 5 3.2% 17 7.1% 22 5.6% 
• Respiratory 

infections 10 6.3% 7 2.9% 17 4.3% 
• Stomatitis 9 5.7% 3 1.3% 12 3.0% 
• Urinary tract 

infection 2 1.3% 5 2.1% 7 1.8% 
• Other site of infection 10 6.3% 9 3.8% 19 4.8% 

Total episodes 158 100.0% 238 100.0% 396 100.0% 

Table 3. Response rates at the end of the initial antibiotic therapy 

Age $; 15 years 
N % 

• Response 97 61.4% 
• Non-response 61 38.6% 

Total episodes 158 100.0% 

wide range of infectious manifestations was 
demonstrated in patients enrolled in the 
study (Table 2). In 264 episodes (64.9%) of 
396 evaluable episodes, FUO was diagnosed. 
In 132 episodes, non-FUO infections were 
observed which consisted in pneumonia in 
43 cases (10.9%), sepsis in 28 episodes 
(7.1%), skin/soft-tissue infections 22 epi
sodes (7.1%), respiratory-infections in 17 
episodes (4.3%), urinary tract infections in 7 
episodes (1.8%), and other sites of infections 
in 19 episodes (4.8%). The mean treatment 
duration was 7.9 days. 

Five patients died during the observation 
period due to pneumonia (n=l), sepsis 
(n=l), cardiac failure (n=2), or progression 
of AML (n=l). In one of these patients co
agulase-negative staphylococci were cul
tured from the blood, in an other case Pseu
domonas was found in the sputum, however 
no Pseudomonas aeruginosa was isolated 
from the blood. The infection was bacterio
logically documented in 102 (25.7%) epi
sodes, 57 (14.4%) of whom had causative mi
croorganisms cultured from their blood. 

Age> 15 years Total 
N % N % 

108 45.4% 205 51.8% 
130 54.6% 191 48.2% 

238 100.0% 396 100.0% 

Coagulase-negative staphylococci were iso
lated most frequently (6.31 %) from the 
blood, which was followed in frequency by 
viridans group streptococci (2.27%), Pseu
domonas species (1.26%), and Enterobacte
riacae (1.01 %). 

In 205 patients (51.8%), the infection re
solved without modification of the initial 
antibiotic therapy (Table 3). 

After addition of further antibiotics to 
ceftriaxone, mainly aminoglycosides (n=22) 
and/or glycopeptides (n=47), the infection 
resolved in another 56 patients, leading to a 
cumulative response rate of 65.9% at the end 
of the ceftriaxone treatment period (Fig.2). 
Nonresponders (n=135) to initial ceftriax
one treatment responded to an alternate 
antibiotic regimen in 72.6% (n=98), mostly 
imipenem (n=64), ceftazidime (n=45), and 
teicoplanin (n=20). In total 359 (90.7%) doc
umented responses were obtained. A sum
mary of the clinical response rate is present
edin Fig. 3. 

Patients treated in an outpatient setting 
had a better response (91.2 vs. 50%) primar-
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age s15 years age > 15 years 

Fig.2. Response rates at the end of therapy with ceftriaxone 

98.7% 

age s15 years age >15 years 

Fig.3. Response rates at the end of the study 

Table 4. Response rates for low risk' and high riskb patients 

Low risk' High riskb 

N % N % 

At the end of initial 
antibiotic therapy 
• Response 27 67.5% 100 49.8% 
• Non-Response 13 32.5% 101 50.2% 

Total episodes 40 100.0% 201 100.0% 

At the end of the study 
• Response 37 92.5% 181 90.0% 
• Non-Response 1 2.5% 12 6.0% 
• Not evaluable 2 5.0% 8 4.0% 

Total episodes 40 100.0% 201 100.0% 

_ response 

c::J non·response 

tola l 

_ response 

c::J non-response 

c::J not evaluable 

90.7% 

total 

Total 
N % 

127 52.7% 
114 47.3% 

241 100.0% 

218 90.5% 
13 5.4% 
10 4.1 % 

241 100.0% 

• Low risk: 2:: 500 granulocytes/mm3 before therapy and duration of neutropenia < 7 days. 
b High risk: < 500 granulocytes/mm3 before therapy and duration of neutropenia 2:: 7 days. 
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ily due to a more stable clinical condition at 
inclusion. Outpatient treatment failed in 9 
episodes (5 patients < 15 years of age/4 pa
tients> 15 years of age) and administration 
to the hospital was necessary. 

Patients with FDO responsed in 55.3% 
compared to those with defined infections 
in 40.0%. An unfavorable outcome was asso
ciated with the diagnosis of pneumonia 
(34.9%). Although treatment was changed, 
the cumulative response rate reached only 
48.8% in episodes with pneumonia. System
ic antifungal therapy was initiated as con
comitant first treatment step in 19 episodes, 
and in 23 episodes antimycotic treatment 
was initiated at the end of ceftriaxone treat
ment. Patients with a neutrophil count 
2500/mm3 and a duration of neutropenia 
<7 days were identified as low risk patients, 
with a response rate of 67.5% (Table 4). The 
outcome for high risk patients to first line 
treatment was 49.8%; however, overall re
sponse was obtained in 90.0% at the end of 
the study. 

Adverse events were documented in 15 
patients, including skin reactions in 9 pa
tients, gastrointestinal irritation in 4 pa
tients, and liver enzyme elevation in 2 pa
tients. 

Discussion 

The data of this study support the concept 
that once-daily administration of ceftriax
one alone or in combination with aminogly
cosides and/or glycopetides can be consid
ered as an effective and safe treatment in 
febrile neutropenic patients. The response 
rates to once-daily administration of ceftri
axone are comparable to reported data in the 
literature from other antibiotic regimens 
[5-8]. The response rate for the first line
treatment was improved by addition of fur
ther antibiotics (aminoglycosides and/or 
glycopetides). However, the failure rate was 
not associated with high mortality, since 
only five deaths were reported in this trial. 
Two of these patients died from infections, 
one due to sepsis and other one due to pneu
monia. Antibiotic therapy was well tolerated 
with minimal side effects. The incidence of 
drug related toxicity was low. There was no 

need to measure serum levels when the pa
tients were treated with ceftriaxone alone. 

Patients enrolled in this study were treat
ed for a variety of severe bacterial infections 
caused by a wide spectrum of microorgan
isms. The percentage of positive microbio
logical documented infections (25.8%) is 
comparable to other studies [5,9], however 
bacteremia was isolated only in 14.4%.As re
ported previously [4, 14], the incidence of 
gram-positive infections, i.e staphylococci 
species, was much higher than the incidence 
of gram-negative infections, especially 
Pseudomonas aeruginosa. The decreased 
frequency of Pseudomonas aeruginosa has 
permitted greater flexibility in the selection 
of antibiotics for empirical therapy in febrile 
neutropenia [14]. 

Only a few clinical studies in febrile neu
tropenia using once-daily dosing of ceftri
axone alone or in combination therapy have 
been published to date, however, they sup
port the once-daily dosing concept [6-9]. 
The used single-daily-doses of ceftriaxone 
alone or in combination have been shown to 
be safe and effective in this setting. Finally, 
once-daily administration schedules are less 
labor-intensive and more cost effective than 
multiple-daily-dosing regimens. In addi
tion, once-daily dosing is easier to use in an 
outpatient setting. Several clinical trials 
have demonstrated the efficacy of an outpa
tient therapy in febrile neutropenic patients 
[6, 10, 11]. As reported by other authors, out
patient management can be a safe and ad
aequate therapy, especially in children [13]. 

When patients are treated in febrile neu
tropenia in an outpatient setting it is impor
tant to identify the low-risk patients. CRP
levels alone failed to discriminate patients 
with high- and low-risk. Combination of 
neutrophil counts « 500/ vs. > 500/fl.1) and 
days of neutropenia( <7 vs. >7 days) identi
fied low-risk patients with a high response 
rate in the first line treatment (67.5 vs. 
49.8%). Apparently the response rates of pa
tients with FDO were higher than in cases 
with clinically defined infections as report
ed before [4,5,7-10,12]. 

Patients with pneumonia had a lower re
sponse rate, even when switched to an alter
nate antibiotic regimen (overall response 
rate 81.4%). Fungal infections which often 
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are responsible for lung infiltrates might be 
the reason for this poor outcome [12]. As 
recommended by other study groups, early 
therapy with amphotericin B might be the 
treatment of choice. 

We conclude that ceftriaxone is a safe and 
adequate first-line treatment in febrile neu
tropenia in patients with acute leukemia. 
Outpatient management with once-daily 
antibiotic treatment during consolidation 
courses might reduce costs and is able to im
prove quality of live in a special selected 
group of patients. From our experience, 
however, we recommend such a treatment 
modality only in clinically stable patients 
with a low-risk profil and a good compli
ance. In all other cases inpatient treatment 
should be the approach of choice to be used. 
The addition of aminoglycosides with a high 
anti-Pseudomonas activity should be rec
ommended in high-risk patients. Initial 
treatment with glycopeptides is necessary 
when clinical or laboratory signs of infec
tions with staphylococcus species are ob
served. With the results of the present study, 
an improved convenience for the patients 
and the cost reduction in health care should 
be considered as important advances of 
once-daily antibiotic treatment. 
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Failure of Fluconazole Prophylaxis to Reduce Mortality During 
Treatment for Refractory Acute Myeloid Leukemia: 
Results of a Phase III Multicenter Study 
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for the German AML Cooperative Group 

Abstract. The current randomized study was 
initiated to assess the efficacy of fluconazole 
as systemic antifungal prophylaxis in high
risk patients with relapsed acute myeloid 
leukemia (AML) undergoing intensive re
induction therapy. From 68 fully evaluable 
patients 36 were randomized for fluconazole 
and 32 to the control group. No major differ
ences were observed in the number of epi
sodes of fever of unknown origin (61 vs. 
50%) or clinically defined infections (56 vs. 
50%). Microbiologically defined infections 
were more frequent in the fluconazole group 
(50 vs. 31 %; P = 0.09) mainly due to a higher 
incidence of bacteremias (42 vs. 22%; p = 
0.07). There were two cases of proven inva
sive fungal infections in each group. System
ic amphotericin B was applied more fre
quently to patients receiving fluconazole 
prophylaxis (56 vs. 28%; p = 0.02). There was 
no impact of fluconazole prophylaxis on the 
rate of early death or on overall survival. In 
patients with high-risk relapsed AML 
undergoing intensive salvage therapy the 
general use of fluconazole as antifungal pro
phylaxis can therefore not be supported. 

Introduction 

Invasive fungal infections (IFI) have in
creasingly become a matter of concern in 

patients receiving intensive myelosuppres
sive therapy for hematologic malignancies 
[1-4]. Especially, in cases with prolonged 
neutropenia [5] systemic fungal infections 
may contribute substantially to infectious 
complications and early death. Measures for 
early detection and effective prophylactic 
strategies using active and non-toxic anti
fungal agents are therefore urgently needed. 
Until now, oral application of amphotericin 
B suspension comprises the most frequently 
applied approach. This treatment has been 
found to reduce the rate of IFI during 
chemotherapy induced neutropenia [6] but 
is hampered by a moderate to poor patient 
compliance and the lack of systemic activity. 
As a member of the new azole antifungal 
agents, fluconazole features a broad range of 
antifungal activity and has an excellent oral 
bioavailability [7]. It causes few side effects 
and thereby offers a promising option for 
systemic antifungal prophylaxis in immu
no compromised patients with severe and 
prolonged granulocytopenia. Therefore, the 
German AML Cooperative Group initiated a 
prospective randomized multicenter study 
to evaluate the impact of fluconazole pro
phylaxis on the incidence of proven or sus
pected systemic fungal infections and the 
need for systemic antifungal therapy with 
amphotericin B in high risk patients with re
lapsed and refractory acute myeloid leuk-

Departments of Hematology and Oncology, Universities of I Giittingen and 2 Munster, Germany; 
3 Evangeli-sches Krankenhaus, Hamm, Germany; 4 St. Martin Hospital, Hagen, Germany; 
5 Zentralkrankenhaus St. Jiirgen, Bremen, Germany; 6 Stadtisches Krankenhaus Sud, Lubeck, Germany 
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emia (AML). In preceding phase II studies 
patients undergoing intensive salvage thera
py with sequential high-dose cytosine ara
binoside and mitoxantrone (S-HAM) for re
fractory or relapsed AML were found to ex
perience a median duration of critical neu
tropenia of more than 5 weeks and an early 
death rate of 28% [8]. These patients were 
therefore selected as main target group in 
whom a beneficial effect of antifungal pro
phylaxis could be expected. 

Materials and Methods 

Patients and Antileukemic Therapy 

Consecutive patients with relapsed and re
fractory acute myeloid leukemias who were 
admitted at the participating centers were 
eligible for the study. Refractoriness against 
standard chemotherapy was defined accord
ing to previously established criteria [9]: 
These included 
a) primary resistance against two cycles of 

induction therapy; 
b) first early relapse with a remission dura

tion ofless than 6 months; 
c) second and subsequent relapse. 

Patients with first relapses after 6 months 
remission duration were not considered 
refractory to standard therapy and were 
included as relapsed AML. 

All patients were recruited from the first 
line trials of the German AML Cooperative 
Group and had thus received a standardized 
first line treatment. In patients less than 60 
years of age first line therapy consisted in 
double induction therapy with either the re
petitive application of the 9 day regimen of 
thioguanine, cytosine arabinoside, dauno
rubicin (TAD-9/TAD-9) or the sequential 
application of TAD-9 followed by high -dose 
cytosine arabinoside and mitoxantrone 
(HAM). Older patients all received one 
course of TAD-9 and were treated by a sec
ond TAD-9 course only upon inadequate re
sponse to the first TAD-9 cycle. Patients of all 
ages who achieved a complete remission 
subsequently received TAD-9 for consolida
tion and monthly maintenance therapy for 3 
years [10,11]. 

1072 

Patients meeting the entry criteria were 
enrolled into the current study and were 
treated by S-HAM [12] comprizing hiph
dose cytosine arabinoside (AraC) 3 g/m or 
1 g/m2 every 12 h by a 3-h infusion on days 1, 
2,8, and 9 and mitoxantrone lOmg/m2/day 
as a 30-min infusion on days 3,4, 10, and 11, 
respectively. The dose of AraC was adjusted 
to the disease status according to the results 
of a greceeding trial comparing 3 g/m2 vs. 
1 g/m AraC in patients with refractory AML 
[8]. Patients with refractory disease and 
younger than 60 years of age received 3 g/m2 
AraC while all other cases were treated with 
Ig/m2 AraC. 

To prevent high-dose AraC induced pho
tophobia and conjunctivitis all patients re
ceived glucocorticoid eye drops every 6 h 
starting before the first dose and continuing 
for 24 h after the last dose of high-dose 
Ara-C. All patients also received G-CSF 5 
Ilg/kg/day subcutaneously starting on day 
12 after the beginning of therapy. G-CSF was 
discontinued if a bone marrow examination 
on day 18, i.e., 1 week after completion of 
S-HAM revealed more than 5% residual 
leukemic blasts. In patients with adequate 
blast cell clearance at day 18 G-CSF was con
tinued until the neutrophil count reached a 
value of more than 1500/mm3 for the 3 con
secutive days. 

Patients with antecedent hematologic dis
orders, secondary leukemias, and a preced
ing autologous or allogeneic bone marrow 
transplantation were excluded from the 
study. Further exclusion criteria comprized 
abnormal liver function tests (aspartate 
aminotransferase (AST), alanine amino
transferase (ALT), or alkaline phosphatase 
(AP) more than three times the upper nor
mal limits; total bilirubin> 2.0 mg/dl); im
paired renal function (serum creatinine> 
2.0 mg/dl); severe infections or pregnancy. 

Study Design and Antimicrobial Strategies 

On the basis of the above mentioned anti
leukemic strategy the current study aimed 
to assess the efficacy of fluconazole in addi
tion to standard antimicrobial prophylaxis 
for the prevention of IFI and the need for 
empiric systemic antifungal therapy with 



amphotericin B. The study conduct was de
signed in way of a prospective randomized 
multicenter analysis. Prior to the start of 
chemotherapy patients were randomly as
signed to either (a) systemic antifungal pro
phylaxis with fluconazole 400 mg po daily in 
addition to standard antimicrobial prophy
laxis consisting of co-trimoxazol960mg po 
three times daily, colistine sulphate two mil
lion units po four times daily, and amphoter
icin B suspension 40 mg po six times daily or 
to (b) standard antimicrobial prophylaxis 
only. To avoid imbalances in the risk profile 
patients were stratified for age « and 2: 60 
years) and disease status (primary refrac
toriness; relapse after::::; 6 months of first re
mission; relapse after> 6 months and::::; 18 
months of first remission; relapse after> 18 
months of first remission; second and subse
quent relapse). 

Antimicrobial prophylaxis was continued 
until parenteral antibiotic and antifungal 
therapy was required or until a leukocyte 
count of more than 1000/I.tl was reached. Pa
renteral antimicrobial therapy was initiated 
upon the occurrence of fever of unknown 
origin (FUO) or fever with clinical and/or 
microbiologically verified infections. Anti
microbial treatment for FUO comprized two 
drug combinations of an amino glycoside 
with either a third generation cephalosporin 
or ureidopenicillin. Upon persistence or re
currence of fever a combination of carbape
nems with glycopeptides was initiated com
bined with systemic antifungal therapy with 
either amphotericin B in cases with flucona
zole prophylaxis or fluconazole in patients 
without prior systemic antifungal treat
ment. In all cases, treatment of pneumonia 
consisted in systemic amphotericin B in ad
dition to antibiotic therapy. 

Study Parameters 

Infectious complications were classified ac
cording to the Consensus Report of the Im
munocompromised Host Society [13]: (a) 
fever of unknown origin (FUO) not accom
panied by either clinical or microbiologic 
evidence of infection; (b) clinically defined 
infections refering to the diagnosis of a site 
of infection without determination of the in-

fectious agent; (c) microbiologically defined 
infections consisting of bacteremia, funge
mia, a microbiologically defined site of in
fection or a combination of the three. Addi
tionally, IF! were classified according to cri
teria suggested by Behre and coworkers [14]. 

Toxicity was evaluated according to the 
World Health Organization (WHO) grading 
system [15]. 

Response to therapy was assessed accord
ing to CALGB criteria [16]. Complete remis
sion status was defined as a normal cellular 
marrow with normal erythroid and myeloid 
elements and with myeloblasts, promyelocy
tes, and other leukemic cells totaling less 
than 5%, and with normal peripheral blood 
platelet and white blood cell counts for at 
least four weeks. Patients having more than 
5% myeloblasts but fewer than 25% blasts, 
with otherwise normal bone marrow, were 
considered to be in partial remission, as 
were patients fulfilling the criteria of com
plete remission except for full recovery of 
peripheral blood platelet and/or white 
blood cell counts. Patients with persisting 
leukemic blasts in the bone marrow or blood 
or with leukemic regrowth within 4 weeks 
after initial response were considered as 
non-responders. Patients dying within 6 
weeks after completion of antileukemic 
therapy without evidence of leukemic re
growth were classified as early deaths. 

The duration of critical cytopenia was 
evaluated by the time for leukocyte recovery 
to more than 1000/I.ll from the onset of 
S-HAM treatment. The time to complete re
mission was measured from the onset of 
treatment to the date of documented com
plete remission and disease free survival 
from the date of documented complete re
mission to relapse or death during remis
sion. Survival and time to treatment failure 
were measured by the time from the begin
ning of treatment to death and death with
out evidence of leukemia, documentation of 
persisting leukemia, or relapse, respectively. 

Statistics 

The primary end point of the present study 
was the impact of fluconazole prophylaxis in 
addition to standard antimicrobial prophy-
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laxis on the incidence ofIFI and the require
ment of additional systemic antifungal ther
apy with amphotericin B as compared to a 
randomly assigned control group receiving 
standard antimicrobial prophylaxis alone. 
The secondary end point was the rate of ear
ly death. Randomization was to be terminat
ed if a statistically significant difference in 
the incidence of IFI and/or the requirement 
of additional systemic antifungal therapy 
with amphotericin B emerged with a = 0.05 
and 13 = 0.20. Assuming a reduction of 20% 
in the incidence ofIFI or the requirement of 
systemic antifungal therapy by fluconazole 
prophylaxis, 73 patients were anticipated to 
be enrolled into each treatment arm. Nu
merical values were compared by the l-test, 
by the Fisher's-exact-test, and by the 
Student's t-test. Remission duration and sur
vival was calculated according to Kaplan
Meier estimates. Comparisons were carried 
out using the log-rank test. 

Study Conduct 

Prior to therapy all patients gave their in
formed consent for participation in the cur
rent evaluation after having been advised 
about the purpose and investigational na
ture of the study as well as of potential risks. 
The study design adheres to the declaration 
of Helsinki and was approved by the ethics 
committees of the participating institutions 
prior to its initiation. 

Results 

Termination of Patient Recruitment 

The recruitment of patients into the current 
study was terminated upon achievement of a 
statistically significant difference in the fre
quency of the initiation of systemic antifun
gal therapy with amphotericin B between 
the fluconazole group and the control group. 

Patient Characteristics 

Between May 1992 and January 1996,84 pa
tients entered the study 68 of whom were 
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Table 1. Patient characteristics and risk factors 

Age (years; median/range) 
Sex (male/female) 
Disease status 

Fluconazole Control 
(n=36) (n=32) 

52/21-73 45/17-72 
20116 17/15 

< 60 years + refractory AML 2 (6%) 2 (6%) 
< 60 years + CR duration 7 (19%) 7 (22%) 
:S 6 months 
< 60 years + CR duration 19 (53%) 18 (56%) 
> 6 months 
< 60 years + 2nd relapse 1 (3%) 
> 60 years 8 (22%) 4(13%) 

Antifungal treatment during 30 (83%) 24 (75%) 
preceding neutropenias 
For invasive pulmonary 2 
aspergillosis 
For invasive candidiasis 3 3 
For suspected IFI 15 14 
ForFUO 10 6 

Infections at study entry 7 (19%) 2 (6%) 
FUO 6 1 

Gastrointestinal tract 
infection 
Soft tissue infection 

Recovery of leukocytes to 
> 1000/lll 
(days after start of chemo- 35/22-58 34/19-59 
therapy; median/range) 
Time to complete remission 
(days after start of chemo-
therapy; median/range) 

51/30-71 57/37-93 

Duration of fluconazole 
prophylaxis 
(days; median/range) 2312-56 

fully evaluable. Causes for exclusion from 
analysis were secondary leukemia (3 pa
tients); application of the study drug before 
randomization (2); treatment not in accor
dance with the result of the randomization 
0); discontinuation of the S-HAM chemo
therapy after the first four days (2); and in
complete documentation (8). There were 36 
and 32 evaluable patients randomized to the 
fluconazole arm and to the control arm, re
spectively. Both groups were comparable in 
patient characteristics and risk profiles. The 
patients' ages ranged from 21 to 73 and 17 to 
72 years (median 52 and 45 years) for the 
fluconazole prophylaxis and control groups 
(p > 0.05), respectively. All patients had re
ceived prior chemotherapy for their disease 



as indicated above. Two (6%) patients in 
each group were younger than 60 years and 
had AML refractory to first line therapy. Ear
ly and late relapses following a first complete 
remission of :5 and> 6 months duration oc
curred in 7 (19%) and 19 (53%) vs. 7 (22%) 
and 18 (56%) patients younger than 60 
years, respectively. The patients' age was 
more than 60 years in 8 (22%) vs. 4 (13%) 
cases (p > 0.05) (Table l). All evaluable pa
tients received one course of S-HAM thera
py. During preceding neutropenias systemic 
antifungal therapy was given to 30 (83%) vs. 
24 (75%) patients, in 9 of which IFI had been 
documented (Aspergillus ssp. 2 vs.l; Candi
da ssp. 3 vs. 3). Antifungal therapy had been 
initiated for suspected IF! and for FUO re
sistant to antibiotic treatment in 15 and 10 
vs. 14 and 6 cases, respectively. Infections at 
study entry were more frequent within the 
fluconazole prophylaxis group [7 patients 
(19%) vs. 2 patients (6%)], mainly due to a 
higher prevalence of FUO [6 (17%) vs. 1 
(3%);p= 0.07]. The median duration of crit
ical cytopenia was similar in both groups 
with the recovery ofleukocytes to more than 
1000/111 occurring at a median of 35 vs. 34 
days after the start of therapy (Table 1). Con
sequendy, there was no significant differ
ence in the median time to complete remis
sion (51 vs. 57 days after the start of therapy; 
p = 0.06). Fluconazole prophylaxis was car
ried out for a median of 23 days (range 2 to 
56 days). 

Toxicity of AntileukemicTherapy 

Severe non-hematologic toxicities (WHO 
grade III/IV) during the S-HAM therapy 
were not dependent on the use of flucona
zole prophylaxis and consisted mainly of 
nausea/vomiting, stomatitis, and diarrhea. 
Furthermore, mild or severe elevation ofliv
er enzymes and parameters for cholestasis 
were not different between the fluconazole 
prophylaxis group and the control group. 

Infectious Episodes 

The median number of febrile episodes was 
1 in both groups (range 0 to 3), whereas the 

Table 2. Infectious complications 

Fluconazole Control 
(n=36) (n = 32) 

Number of febrile 1/0-3 1/0-3 
episodes (median/range) 
Number of febrile days 9/0-29 6/0-60 
(median/range) 
Time to first infection 10/0-33 15/0-22 
(days; median/range) 

No infection 1 (3%) 2(6%) 
FUO 22 (61%) 16 (50%) 

Clinically defined 
infections 

20 (56%) 16 (50%) 

Pneumonia 6 (17%) 6 (19%) 
Sepsis syndrom 
Septic shock 2 (6%) 1 (3%) 
Gastrointestinal tract 9 (25%) 3 (9%) 
infection 
Perianal infection 3 (9%) 
Katheter related infection 1 (3%) 2(6%) 
Other 2(6%) 1 (3%) 
Microbiologicallydefined 18 (50%) 
infections 

10 (31%) 

Bacteriemia 15 (42%) 7 (22%) 
Gram-positive 12 (33%) 4 (13%) 
Gram-negative 3 (8%) 3 (9%) 
Fungemia 2(6%) 1 (3%) 
Pneumonia 6 (17%) 3 (9%) 
Sepsis shndrom 2(6%) 2(6%) 
Septic sock 2(6%) 2(6%) 
Gastrointestinal tract 1 (3%) 2(6%) 
infection 
Perianal infection 
Katheter related infection 1 (3%) 2(6%) 
Other 2 (6%) 1 (3%) 

total number of febrile days was higher in 
the group receiving fluconazole prophylaxis 
(median 9 vs. 6 days; range 0 to 29 vs. 0 to 60 
days; p > 0.05; Table 2). The median time to 
the first febrile episode was 10 vs. 15 days 
after the start of therapy (p > 0.05). 

The infectious complications that were 
encountered during S-HAM therapy are 
summarized in Table 2. Three patients re
mained free from infections throughout the 
whole study period. No major differences 
between both study groups were observed 
for the incidence ofFUO [22 episodes (61 %) 
vs. 16 episodes (50%)] or clinically defined 
infections [20 (56%)vs.16 (50%)]. There was 
a not statistically significant trend towards 
more infections of the gastrointestinal tract 
in patients receiving fluconazole prophylax
is (9vs.3;p= 0.08). 
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Marked differences were seen in the inci
dence of microbiologically defined infec
tions [18 (50%) vs. 10 (31 %); P = 0.09] main
ly due to a strong trend towards more bacte
remias in the fluconazole group [15 (42')/0) 
vs.7 (22%); p = 0.07] which reached signifi
cance for gram-positive bacteremias (33 vs. 
13%; p = 0.04). Bacteremias also occurred 
earlier in this group. The frequencies of all 
other categories of infections were similar 
for both groups. Overall, 12 (33%) vs. 9 
(28%) cases with pneumonia were encoun
tered which occurred earlier in patients re
ceiving fluconazole prophylaxis. 

In total, causative organisms were pre
dominantly gram-positive and gram-nega
tive bacteria which were identified in 26 and 
14 cases, respectively. Fungal infections were 
documented in only 4 patients. There were 2 
vs. 2 cases with proven invasive candidiasis 
while invasive pulmonary aspergillosis was 
not observed. Possible invasive fungal infec
tions occurred in 19 (53%) vs. 11 (34%) pa
tients (p = 0.10). 

Antimicrobial Therapy 

Antifungal therapy was initiated in 22 (61 %) 
vs.18 (56%) patients (Table 3). Systemic am
photericin B was given to significantly more 
patients of the fluconazole prophylaxis 
group [20 (56%) vs. 9 (28%); p = 0.02]. Seven 
patients within the control group received 
fluconazole intravenously as initial antifun
gal therapy, non of which required sub
sequent parenteral amphotericin B. The me
dian number of antibiotic regimens was 3 vs. 
2 (range 0 to 7 vs. 0 to 6). 

The antimicrobial therapy was successful 

Table 3.Antimicrobial therapy 

Fluconazole Control 
(n=36) (n=32) 

Systemic antifungal therapy 22 (61 %) 
Amphotericin B p = 0.02 20 (56%) 

Fluconazole 
5-Flucytosine 
Itraconazole 
Ambisome 

Number of antibiotic 

15 (42%) 
1 (3%) 
1 (3%) 

regimens (median/range) 3/0-7 
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18 (56%) 
9(28%) 
7(22%) 
7(22%) 
5 (16%) 
1 (3%) 

2/0-6 

Table 4. Efficacy of antimicrobial therapy 

Complete remission 
Improvement 
Death due to infection 
Septic shock 
Candida krusei 
Candida tropicalis 
Streptococcus viridans 
Enterococcus spp. 
Pneumonia 

Fluconazole Control 
(n=35) (n=30) 

25 (71%) 
3(9%) 
7(20%) 
5 
1 

1 
2 

20 (70%) 
3 (10%) 
6(20%) 
3 

3 

in 25 (71 %) vs. 21 (70%) of 35 vs. 30 patients 
with infections (Table 4), whereas in 3 (9%) 
vs. 3 (10%) cases only an incomplete control 
of the infections was obtained. Fatal infec
tious complications occurred in 7 (19%) vs. 
6 (19%) patients in four of whom fungi or 
bacteria were documented to be the causa
tive organism. 

Overall Response and Antileukemic Activity 
ofS-HAM 

Corresponding to the similarity of results on 
the frequency and severity of infectious 
complications no significant differences 
were observed in overall response, disease 
free and overall survival. The rates of early 
death were 22 vs. 19%, respectively, 61 vs. 
50% of patients achieved a complete remis
sion and 17 vs. 31 % were non-responders. 
Median time to treatment failure was 5.2 vs. 
3.2 months, median disease free survival for 
patients in complete remission was 6.7 vs. 
5.1 months, and median total survival was 
7.3 vs. 6.8 months. 

Discussion 

The German AML Cooperative Group per
formed the current study with the aim to re
duce the incidence of IFI and the require
ment of systemic antifungal therapy with 
amphotericin B by antifungal prophylaxis 
with fluconazole in addition to standard 
antimicrobial therapy in patients receiving 
intensive chemotherapy for high-risk AML. 
In these patients infectious complications 
are frequently encountered a considerable 



proportion of which are proven or suspected 
to be of fungal origin. Furthermore, the high 
early death rate of more than 25% demands 
an improved antimicrobial management. 
Among potential candidate drugs flucona
zole appeared most attractive because of its 
pharmacokinetic profile, its broad range of 
antifungal activity, and its good tolerability 
[17-20]. 

Fluconazole prophylaxis has been as
sessed already in randomized studies in pa
tients receiving intensive chemotherapy or 
bone marrow transplantation mainly for 
acute leukemias. The majority of these trials 
revealed that fluconazole reduced the inci
dence of candida colonisation significantly 
but that it was not superior in the prevention 
ofIFI in any analysis [21-29]. 

There are only few placebo controlled 
studies evaluating the prophylactic antifun
gal efficacy of fluconazole. Two early trials 
were performed in heterogenous collectives 
of oncologic patients receiving chemothera
py, radiotherapy, antibiotic, or glucocorti
coid therapy [30, 31]. Fluconazole signifi
cantly reduced the incidence of oropharyn
geal candidiasis but had no effect on the oc
currence of IF!. This negative result was 
thought to emerge from the application of 
low doses of 50 mg fluconazole only which is 
well below currently used doses. 

In fact in two subsequent trials 400 mg flu
conazole daily not only reduced the inci
dence of superficial fungal infections but 
also ofIFI in patients undergoing bone mar
row transplantation. In one of these studies 
even a reduced overall mortality until day 
110 posttransplantation was observed in the 
fluconazole arm [32,33]. 

Winston et al. were the first to provide 
data about a prophylaxis with fluconazole 
400 mg daily in patients receiving intensive 
chemotherapy mainly for acute leukemias 
[34]. In a randomized multicenter study a 
significant decrease of fungal infections was 
shown in the fluconazole arm (9 vs. 21 %; P = 
0.02), mainly due to a reduction of superfi
cial fungal infections. Also, at the end of the 
study period the colonisation of patients 
with candida albicans was reduced signifi
cantly. However, neither the incidence of IFI 
(4 vs. 8%; P = 0.30) nor the frequency of the 
application of systemic amphotericin B (64 

vs. 74%;p= 0.10) were influenced by the flu
conazole prophylaxis. As a result, the mor
tality was the same for both groups (21 vs. 
18%). 

Another analysis was performed by 
Schaffner et al. in a randomized single-cen
ter fashion evaluating the antifungal pro
phylaxis with fluconazole 400 mg daily in 
patients receiving chemotherapy for acute 
leukemias and high-grade lymphomas [35]. 
These authors also found a significant re
duction of the incidence of oropharyngeal 
candidiasis (1 vs.12%;p = 0.01) as well as of 
the colonisation with candida spp. (8 vs. 
37%; p < 0.0001) in patients with fluconazole 
prophylaxis. In contrast to the results ob
tained by Winston et al. a trend towards a re
duced need for systemic amphotericin B was 
reported (33 vs. 47%; p = 0.08) which 
reached statistical significance in patients 
with FUO (16 vs. 30%; P = 0.04). However, as 
in the above mentioned study the incidence 
of IFI (11 vs. 11 %) as well as the mortality 
rate (5 vs. 7%) could not be diminished by 
fluconazole prophylaxis. Also, the signifi
cance of this analysis is restricted by the rel
atively short duration of neutropenia which 
amounted to a median of 22 days thereby 
raising the question if immunosuppression 
was severe enough to allow fluconazole pro
phylaxis to be effective. 

Further evidence on the efficacy of flu
conazole prophylaxis came from a placebo 
controlled randomized single-center study 
[36] in a series of patients undergoing allog
eneic or autologous bone marrow trans
plantation or intensive chemotherapy for 
acute leukemia or blast crisis of chronic 
myelogenous leukemia. This study revealed 
a significant reduction in the need for 
systemic amphotericin B therapy (22 vs. 
58%; P < 0.0l). In addition, the number of 
days on fever was significantly diminished 
(5 vs. 9 days; p < 0.05). Besides the heteroge
neity of the study population the results of 
this study are compromised by a relatively 
short duration of critical neutropenia of 
only 16 days. As could have been anticipated, 
no differences were observed in neither the 
incidence of IFI nor in the mortality rate. 

Taking the short -comings of the above 
mentioned analyses into account the current 
study was carried out in a homogenous 
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group of patients all suffering from ad
vanced acute myeloid leukemia and all being 
treated by an identical type of intensive anti
leukemic therapy and a standardized anti
microbial prophylaxis and intervention. 
These patients were chosen for the current 
approach because they face a prolonged pe
riod of severe neutropenia regularly exceed
ing 30-35 days and a high risk oflethal com
plications from severe infections being in 
the range of25-30%. 

The randomization resulted in a similar
ity of the patients' risk profile in both group 
excluding potential biases by differences in 
disease status, prior infections, infections at 
study entry, or duration of critical neutrope
nia. All patients randomized to receive flu
conazole tolerated the drug very well for a 
median duration of 23 days. Whereas the 
time to the occurrence of infectious epi
sodes and their duration as well as the inci
dences of FUO and of clinically defined in
fections did not differ between the two 
groups an excess of bacteremias led to a 
higher frequency of microbiologically de
fined infections in patients receiving flucon
azole prophylaxis. Systemic antifungal ther
apy with amphotericin B was initiated sig
nificantly more frequent in the group with 
fluconazole prophylaxis while fluconazole 
was used successfully as interventional ther
apy in seven patients of the control group. 
There were seven and six cases suffering 
from fatal infections, respectively. As a re
sult, no differences in the antileukemic ac
tivity of the S-HAM regimen were observed 
between the two groups. 

Overall, the infectious complications 
manifested themselves similarly in both 
study arms. Especially, pneumonias - which 
cause a major threat to patients with pro
longed severe immunosuppression [37] -
were not less frequent in patients with flu
conazole prophylaxis (33 vs. 28%). More epi
sodes of bacteremia were encountered in the 
fluconazole prophylaxis group (42 vs. 22%; p 
= 0.07), mainly due to gram-positive bacte
ria (33 vs. 13%; P = 0.04). Similar observa
tions were made in two previous studies al
ready [19,35]. Schaffner et al. also detected 
more bacteremias during fluconazole pro
phylaxis (36 vs. 21 %; P = 0.04) the difference 
being mainly due to gram-negative bacteria 
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(15 vs. 5%; P = 0.05). In a placebo controlled 
trial Palmblad et al. observed more bactere
mias during ketoconazole prophylaxis (74 
vs. 37%; P = 0.0001). However, it remains un
clear if there was a causal connection 
between prophylaxis and bacteremia or if 
there were differences between the study 
and control groups with regard to patient 
conditions. 

The current study failed to detect a differ
ence in the incidence of IFI between study 
group and control and is thus in accordance 
to previous analyses [34-36]. This is based in 
part on the overall low rate of proven IFI and 
reflects the difficulties of this diagnosis 
when using the rigid criteria suggested by 
Behre et al. [14]. 

A major and yet not previously reported 
finding of the current study is an excess use 
of systemic amphotericin B therapy in pa
tients receiving fluconazole prophylaxis. 
This finding probably results from the gen
eral strategy of antifungal therapy that was 
followed in this study. In most other trials, 
patients with fever or infections and non-re
sponse to antibiotics for three to six days 
usually receive amphotericin B as antifungal 
therapy [32-36]. In contrast, patients within 
the control group of the current study were 
scheduled to receive intravenous flucona
zole for systemic antifungal treatment when 
FUO persisted during 3 days of antibiotic 
therapy and amphotericin B was initiated 
only upon persistence of FUO for a further 3 
days. As a result, seven patients within the 
control group received antifungal therapy 
with fluconazole none of which had to pro
ceed to systemic amphotericin B. This find
ing suggests that at least in FUO fluconazole 
may be effective and may thus replace the 
more toxic treatment with systemic ampho
tericin B. These results furthermore suggest 
that the need for systemic amphotericin B 
therapy may have been exaggerated in pre
ceding investigations. In fact, a most recent 
trial by the Paul Ehrlich Society for Chemo
therapy emphasized that fluconazole serves 
as a valuable therapeutic alternative to intra
venous amphotericin B for interventional 
therapy in patients with FUO resistant to 
antibiotic regimens [38]. This finding stimu
lates to reconsider the most appropriate 
place of fluconazole treatment and favors its 



application for intervention rather than for 
antifungal prophylaxis. This conclusion is 
supported by the potential risks of flucona
zole prophylaxis including breaktrough can
didemias and an increasing incidence of in
fections due to candida non-albicans species 
[39-43]. 

Also taking into consideration the secon
dary end point of the current trial with flu
conazole failing to reduce the mortality rate 
within the study group the general use of the 
drug as antifungal prophylaxis can therefore 
not be supported. Fluconazole as a potent 
antifungal agent rather should be preserved 
as an option for interventional therapy in 
patients with suspected or proven IF!. This 
strategy seems appropriate at least in non
neutropenic patients for which in a random
ized study fluconazole was shown to be 
equally effective to intravenous amphoteri
cin B in the treatment of candidemia [44]. 
Further evidence for the efficacy of flucona
zole as interventional antifungal therapy 
also in neutropenic patients comes from a 
matched cohort study in which cancer pa
tients with candidemia treated with flucona
zole obtained the same response rate as 
those who received amphotericin B therapy 
[45]. The validity of these results for neutro
penic patients in general is hampered by a 
proportion of only 24% of the patients being 
neutropenic at enrolment into the study. 
Therefore, further assessment of the applic
ability of fluconazole to severely immuno
compromised neutropenic patients with 
suspected or proven IFI should focus on 
randomized comparisons with intravenous 
amphotericin B hitherto comprising the 
standard interventional antifungal therapy. 
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Aspergillus terreus Necrotic Chest Skin Lesion in a Case of Acute Myeloid 
Leukemia 

P. RYSKOVA1, P. LEMEiI, v. Rosov A2, B. LAST'OVICKOV A\ and A.JIRASEK1 

Abstract. Isolated primary cutaneous asper
gillosis is a rare complication of severe 
immunocompromised states. A case of 
Aspergillus terreus necrotic chest skin le
sion in a patient with acute myeloid leuke
mia is reported. This lesion occurred follow
ing the use of plastic adhesive tape. The pa
tient was succesfully treated with a regimen 
consisting of amphotericin B, granulocyte
colony stimulating factor and local antimy
cotic therapy. Factors predisposing to this 
infection included local skin trauma, pro
found granulocytopenia and antibiotic 
usage. 

Introduction 

Fungal infections complicating antileukem
ic chemotherapy are becoming more com
mon with the intensification of chemothera
py accompanied by longer and more pro
nounced granulocytopenia [1]. Aspergillus 
species are ubiquitous saprophytes rarely 
causing invasive disease in healthy individu
als. Invasive aspergillosis is, however, fre
quently diagnosed in immunocompromised 
hosts [2, 3]. Aspergillosis is second only to 
candidiasis in frequency of mycoses among 
cancer patients [3], affecting all the tissues, 
including the skin [3-7]. Isolated primary 
cutaneous aspergillosis without other organ 
involvement has rarely been reported. When 

this entity does occur it is usually localized 
at the site of an indwelling venous catheter 
[3,4,6]. 

In this report we describe the successful 
treatment of a neutropenic female with iso
lated primary Aspergillus terreus infection 
of chest skin resulting from a local skin trau
rna caused by the use of adhesive tape. 

Case Report 

A 59-year-old woman was admitted to the 
Institute of Hematology and Blood Transfu
sion in March 1994 for newly diagnosed 
acute pro myelocytic leukemia. The patient 
underwent induction therapy with trans
retinoic acid (ATRA), achieving complete 
remission. Ketoconazol200 mg/d p.o. or flu
conazol 200 mg/d for antimycotic prophy
laxis or amphotericin B (AmB) 1 mg/kg/d as 
empiric therapy of FUQ (fever of unknown 
origin) were used in three consolidation 
courses of chemotherapy. No signs of a my
cotic infection were observed. 

Neutropenia (less than 0.5xl09/1) devel
oped since the day 6 of the 4th consolidation 
course consisting of 10 high doses of cyto
sine arabinoside 2000 mg/m2/3 h infusion 
every 12 hand daunorubicin 45 mg/m2/day 
on days 4 and 5 (HDACIDNR). The patient 
was given prophylactic co-trimoxazol, am
picillin, ceftriaxon and fluconazole 400 

1 Institute of Hematology and Blood Transfusion, Prague, Czech Republic 
2 Department of Microbiology, 1st School of Medicine, Charles University, Prague, Czech Republic 
3 Regional Hygienic Department of Central Bohemia, Prague, Czech Republic 
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Fig. 1. Cutaneous lesion of 5 
em in diameter with demar
cating central necrosis on 
chest (on the day 25). 

mg/d p.o. as a prevention of infections. On 
day 11 a painful erythema developed on her 
chest in the place of the central venous cath
eter plaster fixation. Oxacillin was added on 
the next day, metronidazol and amilocin on 
day II, but the erythema spread up to 18 cm 
in diameter and central necrosis of 3.5 cm 
across developed on day 19. Ampicilin and 
oxacillin were discontinued and teicoplanin 
added on day 18. An Aspergillus skin infec
tion was suspected and thus AmB B 0.6 
mg/kg treatment was initiated on day 19. 
The next day the patient became febrile 
(38.2°C) and the dose of amphotericin B 
was increased to 1.1 mg/kg/d. Granulocyte
colony stimulating factor (Neupogen) 480 
ug/d s.c. was started on day 22 to shorten the 
period of granulocytopenia, and flucona
zole was discontinued. Mupirocin ointment, 
sulpha diazine and clotrimazol creams were 
used locally. On day 25 the neutrophil count 
was above lxl09/1. Skin lesion began to im
prove and the central necrosis to demarcate 
(Fig. 1). The patient was only subfebrile and 
after day 28 afebrile. The treatment with 
Neupogen was stopped on day 29 when ab
solute neutrophil count reached 9.2xl09/1. 
On day 30 the central necrotic tissue of 5 cm 
in diameter spontaneously segregated. Re
peated surface bacterial cultures of the le
sion were negative. Aspergillus terreus 

Thorn was found by mycologic cultivation 
(Fig. 2). Septate hyphae and vascular throm
bosis was observed on histological exam
ination of the segregated necrotic tissue 
(Figs. 3 and 4). The Aspergillus strain was 
sensitive to amphotericin B and resistant to 
fluconazole in vitro. On day 45 AmB admin
istration was stopped. The complete dose of 
AmB was 28 mg/kg. On day 67 the skin de
fect had healed. Repeated serological tests 
for Aspergillus antigen (Pastorex Aspergil
lus, Sanofi Diagnostics Pasteur, France) and 
antibodies (Itest, Hradec Knilove, Czech Re
public) were negative throughout the 
course of treatment. The patient remains 
clinically well, in complete remission, with
out any evidence of aspergillosis. She did 
not undergo any other cytotoxic therapy. 

Discussion 

Fungal infections occur in immunocom
promised patients. Risk factors for invasive 
fungal infections include prolonged granu
locytopenia, corticosteroid therapy, broad
spectrum antibiotic or immunosuppresive 
therapy, diabetes, total parenteral nutrition, 
and local tissue injury [1-3, 5, 7-10]. The 
main predisposing factor in patients with 
acute leukemia is chemotherapy-induced 
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Fig.2.Aspergilius terre us hyphae with konidiophores x300 

Fig.3.Aspergilius hyphae septate in segregated cutaneous necrosis. Hematoxylin and eosin x400 
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Fig.4. Vascular invasion by Aspergillus with secondary thrombosis in segregated cutaneous necrosis. War
thin-Starry x400 

prolonged granulocytopenia [10]. The res
piratory tract is the usual entry for Aspergil
lus. Cutaneous aspergillosis is an unusual 
variant of invasive aspergillosis and may 
represent either hematogenous dissemina
tion or a primary lesion caused by local 
trauma. 

Our patient gradually developed necrotic 
cutaneous lesion on her chest since day 6 of 
granulocytopenia. This lesion was not relat
ed to the central venous catheter. A break in 
the skin resulting from the use of adhesive 
tape probably led to establishment of cuta
neous aspergillosis. There have been reports 
of cutaneous fungal infections at the site of 
peripheral intravenous catheter [3, 6] or 
Hickman central venous catheters [1,4,9]. 
Less common as entry for fungal infection is 
a local trauma associated with maceration of 
skin affected by rash [6]. The skin defect did 
not improve after changing antibiotics. 
Therefore we started an empiric antifungal 
therapy with amphotericin B. Mycologic 
cultivation techniques are too slow to detect 
fungal infections. Serological methods for 
the detection of Aspergillus antibodies are 
often falsely negative because of immunoal-

teration of the patients. In the presented case 
serological detections of Aspergillus antigen 
were negative using a test that is highly spe
cific but only moderately sensitive [11]. 

Primary cutaneous aspergillosis is often 
followed by pulmonary involvement [1,4] or 
disseminated infection [4, 6]. Duration of 
antifungal therapy should continue until the 
granulocyte recovery [1,2,5,6,8] . 

Conclusion 

Fungal infections occur in patients under
going intensive antileukemic chemotherapy. 
Aspergillus can invade virtually any tissue. 
We report an unusual manifestation of iso
lated cutaneous aspergillosis associated 
with skin trauma not related to the indwell
ing venous catheter. First signs of infection 
developed on day 6 of granulocytopenia. 
This case aims to alert physicians to the pos
sibility of onset of rare cutaneous Aspergil
lus infection even after a short period of gra
n ulo cytopenia. 

Diagnostic procedures for mycologic as
sessment are time consuming and have lim-
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ited sensitivity, early empmc aggressive 
antifungal therapy is therefore necessary. 
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Local Hydrotherapy as a Treatment Method of Oral Cavity Infections in 
Children with Acute Leukemias and Lymphomas 

T. URASINSKI, Z. HAMERLAK, J. FYDRYK, and J. PEREGUD-POGORZELSKI 

Introduction 

Mucosal infections, inflammations and ul
ceration, known as stomatitis are among the 
most common complications in children 
with cancer. Granulocytopenia, decreased 
rate of mucosal regeneration and saliva ex
cretion are factors predisposing to these en
tities. It has been also shown that cytotoxic 
therapy results in an impaired salivary per
oxidase system, which may contribute to 
some of the oral complications seen in leu
kemia patients. Children with acute leuke
mias and lymphomas on intensive chemo
therapy are particularly susceptible due to 
profound granulocytopenia. Episodes of 
stomatitis decrease the child's quality of life 
causing chronic pain, contribute to a poor 
nutrition state and may serve as a nidus for 
systemic dissemination [1,2,3,9). 

Oral cavity infections are not easy to pre
vent and control. Relatively good results can 
be obtained by the use of isodine, chlorhexi
dine or mer idol gargle. Some studies indi
cate that mouth-washing with sucralfate 
suspension is save and effective in reducing 
oral mucositis induced by chemotherapy [4, 
5,8). 

One of us (H. Z.) proposed his own meth
od of low-pressure oral cavity hydrotherapy 
with the use of machines of own construc
tion. Preliminary observations on the group 
of adult patients have been previously re
ported [6]. This report is to assess the effica-

cy and safety of this method in children with 
acute leukemias and lymphomas receiving 
intensive chemotherapy. 

Patients and Method 

The study comprised 107 children (61 boys, 
46 girls) aged 2.5-17 years with acute leuke
mias (84 patients) or malignant lymphomas 
(23 patients) treated in our Department, 
who - while on intensive chemotherapy -
developed at least one episode of stomatitis. 
The severity of oral lesions before hydro
therapy, classified according to WHO stag
ing is presented in Table 1 [7]. 

Hydrotherapy is a form of a mouthwash 
with large amounts of therapeutic fluid. In 

Table 1. Severity of hydral lesions before hydro
therapy 

Stage No_of 
(WHO 
classifi-

episodes 

cation) 

I. Mucosal edema and redness, 107 
slight pain 

II. Mucosal edema and redness 107 
with superficial eruptions, 
solid food can be consumed 

III. Mucositis of the whole oral 55 
cavity, only liquids can be 
consumed 

IV. Enteral nutrition not possible 38 

Pediatric Clinic, Pimerianian Medical Academy, Szczecin, Poland 
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small children it is performed manually, in 
cooperating patients (usually children older 
than 3 years) stationary or portable ma
chines are applied (Figs. 1,2). The construc
tion of machines has been described elseh
were [6]. 

During a single mouthwash, lasting 7-15 
min, the oral cavity is rinsed with 10-801 of 
fluid at a temperature of 20-30 0c. It is given
under the pressure of 0.2-2.5 atm., removing 
mechanically necrotic tissues, debris and 
pathogens. The procedure is performed sev
eral times a day and the amount of fluid used 
per patient per day can be as high as 200 1. 

There are two standard forms of thera
peutic fluid. For patients with grade I or II 
stomatitis 200 ml of 3% solution of H20 2 is 
added to 10 I, of water. For patients with 
grade III or IV stomatitis, instead of H20 2, 

50 ml of 44 % of magnesium sulfur is dis
solved in the same amount of water. To con
trollocal pain both fluids contain 50 ml of 
2% xylocain per 101. The fluid's pH is cho
sen to neutralize the pH of the oral cavity. In 
most cases acidic fluids obtained by the ad
dition oflactic acid were applied. In patients 
with acidic pH of the oral cavity alkaline 
fluids, obtained by the addition of dolomite 
were used. If mucosal bleeding occurred, 
150 g of EACA were added to 10 1 of fluid. 

During the years 1991-1995 we per
formed over 4000 procedures in our depart
ment' including 1450 with stationary and 
2550 with portable machines. The number of 
procedures performed daily on the ward 
reaches 20-30. 

In children with grade I or II stomatitis, 
pain relief was seen within the first 24 h after 
the beginning of hydrotherapy and the time 
for resolution of the oral lesion did not 
exceed 4 days. In patients with grade III or 
IV stomatitis pain relief occurred within the 
first 1-2 days and the time to local recovery 
was not longer than 7 days. 

In children who had suffered from stoma
titis before, prophylactic hydrotherapy dur
ing intensive treatment was introduced. Epi
sodes of grade III or IV stomatitis did not 
occur in these cases; only lesions of grade I 
or II were seen (patients were able to con
sume solid food) . 
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Fig.l. The stationary machine for hydrotherapy 

Fig.2. The portable machine for hydrotherapy 

Discussion 

This report is not a controlled study, but 
rather a subjective comment.From the very 
beginning we were delighted by the fact that 
the method was easily and quickly accepted 
by all children, who were asking for subse-



quent procedures. All patients reported that 
hydrotherapy brought immediate, but tran
sient pain relief. Thus we decided not to 
form a control group. 

We do not know any reports concerning 
mechanical mouthwash as the treatment 
method of stomatitis. In our opinion the ad
vantage of hydrotherapy relies on the me
chanical cleaning of the oral cavity. Large 
amounts of fluid remove necrotic tissue, de
bris and pathogens, thus forming better con
ditions for mucosal repair. This effect is am
plified by the change in the oral cavity's pH 
and by the addition of disinfectants. Pain re
lief obtained by the addition of local anes
thetics is also of great value, improving the 
child's life standard. 

The method sesems to be safe; except for 
one case, we did not see any complications. 
This only one adverse event was fluid asp ira -
tion in the case of 2.5 years byo with Down's 
syndrome and acute lymphoblastic leuke
mia. It is clear that younger children must be 
assisted by the medical staff or parents; old
er patients are able to perform hydrotherapy 
by themselves. Trained parents can proceed 
with hydrotherapy even at the patient's 
home; this offers a chance to shorten the 
length of hospitalisation. The number of 
home procedures in our experience exceed
ed 1800. 

Our preliminary observations seem to in
dicate that oral hydrotherapy is a good pro
phylactic and therapeutic measure in oral 
cavity complications in children with acute 
leukemias and lymphomas on intensive 
chemotherapy. 
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Introduction 

The majority of young patients «60 years) 
with AML will enter complete remission 
with intensive treatment. How much and the 
nature of treatment necessary to prevent re
lapse in individual patients is unclear. Sever
al robust characteristics such as age, karyo
type, presenting WBC and, to a lesser extent, 
sex, FAB category and phenotype, have all 
been associated with increased or decreased 
risk of relapse. In considering strategies of 
achieving cure for young patients there have 
been three approaches used to consolidate 
CRl, chemotherapy, allo or auto BMT. Allog
eneic has been accepted as the treatment of 
choice for all patients if a matched sibling is 
available, generally resulting in a probability 
of cure of around 50%. Broadly similar re
sults have been reported for autologous 
BMT. During the 1980s these were consid
ered to be superior to what chemotherapy 
was capable of achieving. However there are 
several examples of improved survival being 
achieved as more intensive chemotherapy is 
given in induction and consolidation. There 
has been suspicion that a number of selec
tion biases were working in favour of trans
planted patients, such as an inherent re
duced relapse risk because of the time inter
val which elapses between CR attainment 
and delivering the BMT, during which time 
some patients will relapse. An unknown 
number of patients who would be eligible 
for BMT may not receive it for reasons of 

clinical and haematological toxicity or other 
social or financial reasons. 

There is also the question of timing of 
transplant. Are there some patients who 
could safely be left, and salvaged if and when 
they relapse? If such a strategy is adopted 
should the transplant be used as the initial 
treatment of relapse as suggested by Seattle 
experience or if a second remission is 
achieved? It is correct that transplant is the 
best form of treatment in second remission? 
Several substantial issues therefore remain 
to be resolved, some of which have been ad
dressed by a number of large prospective 
trials. The UK MRC 10 study was conducted 
between 1998-1994 with the major aim of 
evaluating the additional role of BMT (allo 
or auto) when given to patients who had al
ready received 4 courses of intensive chemo
therapy. 

Patients and Treatment Protocol 

In all, 1966 patients were recruited, of which 
20% were children under 15 years. There was 
an induction randomisation to a DAT (3 + 
10) (Daunorubicin dl-3, Cytosine Arabino
side 12 hourly d 1-10 Thioguanine d 1-10) 
versus ADE in which Etoposide was substi
tuted for Thioguanine. Course 2 was limited 
to 8 days of Cytosine and/or Thiogua
nine(DAT or ADE 8+3+5). All patients then 
received MACE (Amsacrine, Cytosine, Etop
oside) as course 3 and MidAC (Mitozan-

Pediatric Clinic, Pimerianian Medical Academy, Szczecin, Poland 
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trine,AraC) as course 4. Patients who did not 
have a matched sibling donor were sched
uled to have bone marrow harvested and 
cryopreserved unpurged, following which 
they were randomised to receive an au
toBMT as a 5th course or no further treat
ment (STOP) with the option of autograft in 
CR2 if they relapsed. All recipients of trans
plants were to be prepared with cyclo/TBI. 
No reinduction chemotherapy was specified 
for relapse, but preparation with Bu/Cy was 
recommended for autoBMT in CR2. 

Important parameters were identified for 
relapse risk. The most powerful of which 
were karyotype, extent of clearance of blasts 
after course 1, and patient age. 

Karyotype 

A favourable group was identified which had 
a survival of 74% from the start of course 2. 
These comprised t8:21, tI5:17 and inversion 
16 either as single lesions or with other ab
normalities. Patients designated unfavour
able risk comprised those with abnormal
ities of chromosome 5 or 7 or complex le
sions and had survival of 19% at 7 years. All 
other patients, including those with a nor
mal karyotype, were designated as standard 
risk with an intermediate survival (43%) 
(p=<O.OOO 1). 

Blasts in Bone Marrow 

A bone marrow was undertaken 18-21 days 
after the end of course 1, to assess response 
to therapy. Patients were divided into three 
categories based on morphology, <5% 
blasts, >5-20% blasts or >20% blasts. This 
assessment had an influence on the risk of 
relapse for patients who were then or subse
quently confirmed to be in CR «5% blasts 
in a regenerating marrow). The survivals 
were respectively 53, 44 and 22%. It is of 
interest to note that the identification of pa
tients with >20% blasts at this stage - even 
although they subsequently entered CR, was 
highly predictive of a short remission dura
tion and survival. 

When karyotype and blast cell status were 
combined a simple risk score could be allo-
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cated for more than 90% of patients. Good 
risk patients were defined only on the basis 
of a favourable karyotype although patients 
with an M3 morphology - which had a high 
concordance with tI5:17 - are regarded as 
good risk. Poor risk comprises unfavourable 
karyotype or > 20% blasts in the post -course 
1 marrow. Standard risk comprises of all 
other patients. The 7 year survival of these 
three groups were 74, 45, 15%, which was 
highly significant (p=<O.OOO1) and was ex
plained by different respective relapse risks 
of 34, 50 and 74%. 

In order to evaluate alloBMT, patients 
were analysed on donor versus no donor ba
sis as a surrogate for an intention to treat 
analysis, and also taking into account the 
risk groups. 

Results 

Two hundred and thirty three patients re
ceived allogeneic BMT. The risk group as de
scribed above influenced the survival after 
alloBMT: 70% Good, 62% Standard, 38% 
Poor, and to the 223 patients who receive an 
autoBMT - good 73%, standard 55%, and 
poor 40%. However, evaluation of BMT was 
analysed on an intention to treat basis. 

Donor vs. No. Donor Analysis 

Three hundred and forty nine patients had a 
donor available of whom 56% went on to re
ceive the alloBMT. Overall, there was a sig
nificantly lower risk of relapse in the donor 
available arm (Table 1) but this was in part 
counterbalanced by more deaths, thus over
all survival was not significantly different 
from the no-donor arm. When the arms are 
compared within the risk categories there is 
a similar proportionate reduction in relapse 
risk in each category. There is no evidence of 
a survival benefit in good risk patients part
ly because of a small excess of deaths but also 
because it was possible to salvage patients 
with good risk disease who relapsed. The pa
tient numbers in the poor risk category are 
too small for a definitive conclusion but no 
benefit was observed. There was a survival 
benefit in the donor arm for standard risk 



Table 1. Donor versus no donor comparisons by risk group 

Number Received BMT Relapse" DFS" Mortality" Survival" 
D ND (%) D 

All patients 349 750 56 32 
Good risk 114 223 50 24 
Standard risk 183 423 61 34 
Poor risk 52 104 54 60 

" At 5 years. D = Donor Available ND = No Donor. 

patients which, although not substantial (59 
vs.47%) was significant (p = 0.01). This ben
efit was achieved even though only 1111183 
in the donor arm received the BMT. 

Autologous 8MT 

Only a minority (38%) of patients who were 
eligible for randomisation were random
ised. Of the 190 allocated to autoBMT 126 
(66%) actually received it. The results over
all and by risk category are shown in Table 2. 
There was no evidence to suggest that the 
patients who were randomised were a select
ed subpopulation with an inherently better 
prognosis. First there was no significant 
change in the ratio of risk groups at the time 
of CR achievement and those randomised. 
In addition there was no significant differ
ence in survival between those who elected 
or wen randomised to autoBMT or stopped 
treatment. 

On an intention to treat analysis it was 
clear that the relapse risk was substantially 
reduced in the autograft arm despite the fact 
that only 66% actually received the au
toBMT. This translated into a significantly 
better disease free survival but the overall 
survival benefit has only become signifi-

ND D ND D ND D ND 

48 56 46 19 12 S9 52 
36 61 59 20 7 68 77 
52 S4 42 18 12 59 47 
77 31 21 21 8 24 23 

cantly apparent on longer (>2 year) follow
up patients. There was however an excess of 
deaths (12%) following the autograft, there
by abrogating the potential antileukaemic 
benefit. These overall effects were also gen
erally seen within the risk subgroups. All en
joyed a similar proportionate reduction in 
relapse risk. In good risk patients - probably 
by chance - there was no excess mortality 
but salvage in the chemotherapy arm was 
superior, i.e., a high second remission rate 
and better survival from relapse. 

Discussion 

This large trial exemplifies the difficulty 
which studies of this design have with com
pliance with randomisation and delivering 
the allocated treatment. It has long been sus
pected that patients who came to transplan
tation were already selected because some 
patients may already have relapsed. In this 
experience, 40% of those with donors were 
not allografted and only 37% of those con
sidered fit for randomisation were random
ised, of whom only two-thirds received the 
autograft. 

On an intention-to-treat analysis (i.e., do
nor vs. no donor) survival benefit was ap-

Table 2. Autologous BMT versus no further treatment (STOP) by risk group 

Number Autograft Relapse" DFS" Survival Survival" 
received from relapsed 

A S (% ) A S A S A S A S 

All patients 190 191 66 37 58b 54 40' 15 18 57 45 
Good risk 51 44 61 25 49' 70 48' 38 38 74 61 
Standard risk 97 112 69 40 59' 49 39 12 9 52 40 
Poor risk 20 15 85 56 73 44 27 0 15 49 39 
Unknown 22 20 50 33 58 44 42 17 9 49 44 

" At 5 years A = AutoBMT S = STOP. b p= 0.0007. 'p= 0.04. d At 3 years. 
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parent only in patients with standard risk 
disease. This perhaps underestimates the 
value of transplant in this subgroup because 
the benefit was only derived from the 111 
patients actually transplanted, which was 
61 % of those with a donor. On a similar ba
sis, no benefit was seen for patients with 
good risk disease, in whom 50% of those 
with a donor received the transplant. The 
problem was that the procedural mortality 
(20%), together with the improved rate of 
salvage of those who relapsed, counterbal
anced the reduced relapse risk. It is conceiv
able that, had more patients received the al
lograft, transplant would have reduced sur
vival. 

Autologous BMT very substantially re
duced relapse risk, but it had an associated 
procedural mortality of 12%. This, together 
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with a meaningful salvage level for children 
and good risk patients, meant that it has tak
en longer follow-up to show a survival bene
fit. If patients who are 2 years or more out 
from randomisation are compared then a 
significant difference in survival at 7 years 
(p=0.006) emerges. 

Transplantation is an expensive, toxic 
therapy. Even in this trial, where the overall 
survival in non-transplanted patients from 
diagnosis is a creditable 40% at 7 years, there 
is strong evidence that additional treatment 
to four courses (in this case transplanta
tion), substantially further reduced the risk 
of relapse. The current prospective MRC 
Trial (MRC 12) is addressing the question of 
whether more treatment, i.e., with a fifth 
chemotherapy course, can achieve this result 
at less cost in terms of toxicity. 
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Abstract. Allogeneic BMT for patients with 
acute myeloid leukemia (AML) is presently 
a reference therapy. The indications for this 
therapy may likely rely upon prognostic fac
tors, and their importance are constantly in
vestigated. To examine the impact of time 
from diagnosis to transplant on survival 
and Leukemia Free Survival (LFS), we ana
lyzed 109 patients from the data base of the 
SFGM, patients who all had received an 
HLA-identical allogeneic BMT for a diagno
sis of AML in First Complete Remission 
(CRl) between January 1987 and December 
1992. All patients were prepared with cyclo
phosphamide (Cy) and Total Body Irradia
tion (TBI) (Cy - TBI), and Methotrexate 
(MTX) + Cyclosporine A (CSA) was used as 
Graft-vs.-Host Disease (GVHD) prophylax
is. Eleven patients needed 2 courses of in
duction to achieve CR. Time between diag
nosis and BMTwas 120 (64-287) days. Forty 
nine patients developed a grade 2 acute 
GVHD (Actuarial probability = 46%). With 
a median follow-up of 52 months (30-100), 
the 5 year probabilities for transplant relat
ed mortality (TRM), relapse, overall survi
val and LFS are respectively 25, 26, 59%, and 
55%. A multivariate analysis showed that 
survival is adversely influenced by 3 inde
pendent factors: time to transplant (> 120 
days vs. ::;;120 days), acute GVHD (grade 2-4 
vs. grade 0-1) and age (>33 vs. ::;;33). LFS is 
influenced by only the first two of these fac-

1 Societe Fran<;aise de Greffe de Moelle (SFGM), France 
2 Biostatistical Unit of Institut Paoli Calmettes, France 

tors. The favorable impact of less time from 
diagnosis to transplant should lead to pro
ceeding to the transplant as soon as pos
sible. Practically speaking, this means that 
when such therapy is chosen for a patient 
with CR1 AML, the search for an allogeneic 
donor should be immediately investigated 
and transplant performed as soon as pos
sible. 

Introduction 

The place of allogeneic bone marrow trans
plantation (BMT) as post remission treat
ment of acute myeloid leukemia (AML) is 
still discussed because of improvement of 
chemotherapic consolidation and best defi
nition of transplantation indications. In
deed, for about 10 years continuous efforts 
have been made to ameliorate treatment of 
AML. After reaching remission, consolida
tion is now systematically given and is 
based, for most of the patients, on high dose 
chemotherapy especially including cytara
bine [1-3]. With this strategy, overall survi
val is not significantly different between al
logeneic BMT and chemotherapy, because of 
transplant related mortality (TRM). More
over, development of cytogenetic technics 
allow definition of new prognostic groups of 
patients [4]. These open wider the debate on 
the indication of transplantation which we 
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do not want to treat here. However, we must 
keep in mind that cases where Allogeneic 
BMT is feasible are few (less than 10% of all 
AML) and that in no published comparative 
study was the transplant arm worse than 
chemotherapy. Thus the following question 
arises : when a patient suffering from AML 
reaches remission and has the possibility of 
performing a transplant, what should the 
doctor do? We showed that a highly selected 
group of patients, whose graft is carried out 
within 100 days after diagnosis, had a good 
long term outcome [5]. Early transplant pos
sibly explains these results and, in case of 
confirmation, that means that all should be 
done to perform BMT as soon as possible af
ter complete remission. However, before 
making such conclusions, an investigation 
of the SFGM database was necessary to ex
plore the relationship with others factors. 

Patients and Methods 

Patients and Donors 

In order to study the outcome of patients 
transplanted according to standard proce
dures for AML in first complete remission 
(CR I), we selected in the SFGM registry a 
population according to the following crite
ria: BMT performed after January, 01 1987 
(n = 347) ; graft from an HLA-A, -B, -DR, 
identical and mixed lymphocyte culture 
(MLR) negative sibling (n = 331); condition
ing regimen only with cyclophosphamide 
and total body irradiation (TEl) (n = 142) ; 
graft versus host disease prophylaxis only 
with Methotrexate and Cyclosporine A (n = 
122). 

Finally, combining all these criteria we 
came out with a subgroup of 109 patients, 
characteristics of whom are presented in Ta
ble 1. Data from these patients who were 
transplanted in 25 centers were reviewed. 
Forty two of these patients have been previ
ously reported and correspond to the pa
tients transplanted less than 100 days after 
diagnosis [5]. 

The donor population consisted of 59 
males and 50 females. Graft was sex mis
match in 47 cases, and ABO mismatch in 40 
cases. 
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Table 1. Patients, disease, transplant and outcome 
characteristics 

Characteristics at diagnosis 

Age (yr): median (range) 
M/F 

WBC(X109!l) 
median (range) 
patients with WBC > 100: N 

FAB 
M1-M2:N(%) 
M3:N(%) 
M4-M5:N (%) 
MO-M6-M7:N(%) 

33 (16-50) 
64/45 

12 (1-250)6 

55 (50) 
15 (14) 
33 (30) 
6 (6) 

Karyotypes done: N (%) 64/109(58) 
good prognosis karyotypesa : N (%) 16 (25) 
normal karyotypes: N (%) 32 (50) 
others karyotypes: N (%) 16 (25) 

No. patients requiring 2 induction 
courses to achieve remission: N (%) 11 (10) 

Time between diagnosis and BMT 
(days): median (range) 
287) 
100) 

Follow up (months): 
median (range) 

Graft versus host disease 
aGVHD:N 
Grade >= 2 aGVHD : N 
(KM probability) 
Chronic GVHD: N/evaluable 

Relapse: 
N : 5-year KM probability 

Transplantation-related mortality: 
N : 5-year KM probality 

Causes of death: N 
Relapse:N 
GVHD ± interstitial 
pneumonitis: N 
Interstitial pneumonitis: N 
Multi-organ failure and various 

Survival: N : 5-year 
KM probability 

LFS : N : 5-year KM probability 

120 (64-
52 (30-

52 (30-100) 

70 

49 (46 %) 
31194 

20:26% 
(17-38) 

27:25% 
(17-34) 

16 
13 

5 
9 

66:59% 
(4868) 
62:55% 
(45-65) 

WBC : white blood cell". Good prognosis karyotypes 
: t(8; 21); t(15; 17) ; inv16. aGVHD: acute graft ver
sus host disease; KM: Kaplan-Meier. 
aGVHD : acute graft versus host disease; KM : Ka
plan-Meier. 



Preparative Regimen 

All patients received 60 mg/kg cyclophos
phamide intravenously (IV) on each of two 
successive days followed by TB!. 

Graft Versus Host Disease (GVHD) Prophylaxis 

All patients received a short course of Me
thotrexate (MTX) and Cyclosporine A (CSA) 
[6] as GVHD prophylaxis. None of them re
ceived aT-cell depleted graft nor prophylax
is with monoclonal antibodies. 

Statistical Analysis 

The analysis was conducted in July 1995 af
ter a minimum follow-up of 30 months. Sur
vival was calculated from the date ofBMT to 
the time of leukemia or transplant-related 
death with all other patients being censored 
at the time of last follow-up. LFS was meas
ured from day 0 to the occurrence of relapse 
or death. When death occurred it was attrib
uted to relapse when indicated or to trans
plant related causes if not (transplantation
related mortality = TRM). The probability 
of relapse was calculated from day 0 until 
relapse, censored by death or end of follow
up. Probabilities of survival, LFS, TRM and 
relapse were calculated using the Kaplan 
Meier method [7] and compared by the Log
rank test [8]. Variables potentially affecting 
survival and LFS were assessed in a multi
variate analysis by the Cox proportional 
hazard model in a stepwise regression [9]. 
Mean comparison were performed using 
the Student's t-test or the Mann and 
Withney U-test. The X2 test or the Fisher's 
exact test were used to test for differences 
among groups. 

Results 

Engraftment and Graft Versus Host Disease 

Four patients died prior to engraftment and 
105 reached hematological recovery. Seven
ty patients developed an acute GVHD which 
was severe (grade 3-4 ) for 49 patients (Ka-

plan-Meier probability = 46%). Out of94 pa
tients who were evaluable for chronic graft 
versus host disease (cGVHD) 31 (36%) de
veloped a clinical cGVHD needing immuno
suppressive therapy. 

Survival, Relapse and Disease-Free Survival (Table 1) 

This resulted in an overall 5 year-TRM of 
25% (range 17-34) which, in univariate anal
ysis, was influenced by age [~33 years: 13% 
vs > 33 years: 36% (p<0.05)] and moderate 
to severe acute GVHD [grade 0-1 : 14% vs 
grade 2: 38% (p<0.05)]. 

Variable eventually influencing outcome 
are presented in Table 2. 

Table 2. Multivariate analysis of survival and LFS 

Survival 

Log of 
likelihood = 
-344759 

Score = 15712 p=O.0013 
(DF=3) 

RR 

Age 1.95 
Time diagnosis/BMT 2.29 
Acute GVHD 2.00 

Leukemia Free Survival 

95%CI p 

1.03 - 3.69 0.04 
1.21 - 4.34 0.01 
1.07 - 3.77 0.03 

Log of 
likelihood = 
383601 

Score = 10 911 p = 0.0043 -
(DF = 2) 

RR 95%CI p 

Time diagnosis/BMT 2.10 1.15 - 3.87 0.02 
Acute GVHD 2.09 1,15 - 3.78 0.02 

Time Elapsed Between Diagnosis and BMT 

We further analyzed 2 groups of patients ac
cording to the time elapsed between diagno
sis and BMT (~120 days and> 120 days). Pa
tient, disease, and transplant characteristics 
do not differ notably between the two 
groups (data not shown). Survival and LFS 
are higher for the patients transplanted 
more quickly (p<0.04) (Table 3). These dif
ferences seem to result from an increase in 
the rate of relapse and transplant mortality 
in the group of patients transplanted after 
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Table 3. Patient, disease, transplant characteristics and outcome of patients with time diagnosis - BMT <= or 
> 120 days 

<= 120 days > 120 days 
(N = 55) (N=54) 

Time between diagnosis and BMT (days) : 
median (range) 92 (64-120) 164 (122-287) p<O.OOl 

Follow up (months): median (range) 49 (27-94) 56 (27-100) 
Graft versus host disease 
aGVHD:N 35 35 
Grade >= 2 aGVHD: N(KM probability) 27 (49.4 %) 22(41.7 %) 

19/49 12/45 
Chronic GVHD : N/evaluable 

Relapse: N (5-year KM probability) 8[18% (9-31)] 12[36% (20-55)] NS 
Transplantation-related mortality: 
N(5-year KM probability) lOr 17%(9-29)] 17(33% (22-47)] NS 

p<0,04 
p<0,04 

Survival: N (5-year KM probability) 39[71 (57 -82)] 27(46% (32-61)] 
LFS : N (5-year KM probability) 37[ 69(55-79)] 25( 42% (28-57)] 

WBC: white blood cell. Good prognosis karyotypes: t(8; 21); t(15; 17); inv16. 
aGVHD: acute graft versus host disease; KM: Kaplan-Meier. 

120 days (relapse: 18% vs. 36% P = NS ; 
transplant related mortality: 17% vs. 33% P 
= NS), still these differences do not reach 
significance. 

Discussion 

For more than a decade, allogeneic BMT has 
been, available is a therapy for a large num
ber of teams. Recent contributions like bet
ter standardization of conditioning regimen 
[10], GVHD prevention [11], management 
of viral diseases [12] have lead to a consis
tent decrease of TRM. Thus, the first goal of 
this study was to describe the present reality 
of allogeneic BMT in the situation of consol
idation for AML in CR 1. We describ a group 
of 109 patients registered, between 1987 and 
1992, in 25 French BMT units belonging to 
the SFGM. All patients received cyclophos
phamide and TEl as the conditioning regi
men. GVHD prophylaxis was performed by 
a combination of Cyclosporine and Methot
rexate because of the superior efficacy of 
this regimen compared with single agent 
immunosuppression [13]. No patient re
ceived a T-cell depleted graft since it has 
been demonstrated that this technique in
creases the incidence of graft rejection and 
relapse [14, 15]. Patients who received a 
monoclonal antibody as GVHD prophylaxis 
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were also excluded because this technique 
was not yet widely disturbed [16]. With a Ka
plan-Meier probabilities for TRM, relapse, 
survival and LFS of, respectively, 25, 26, 59 
and 55%, the outcome of these 109 patients 
is quite identical to those published in the 
recent literature [1,3, 17-20]. Among vari
ables associated with the outcome, acute 
GVHD appears as a relevant factor for TRM 
and survival as it has been found in number 
of others studies [21,22]. Grade 3 -4 acute 
GVHD was furthermore associated with a 
decreased LFS. There was a trend for a pro
tective effect of chronic GVHD against re
lapse but it did not reach significance. 

Time elapsed between diagnosis and BMT 
is not a useful prognosis factor of the out
come but others studies showed that it may be 
of interest [5,10,23,24]. In our analysis pa
tients transplanted prior to day 120 had 
superior LFS and survival probabilities (69 
vs. 42% and 71 vs. 46%, respectively). A lower 
TRM in this group is generally thought to ex
plain these differences [24]; in our study TRM 
was decreased [17 vs. 33%) but it did not 
reach significance. We had think that these 
patients might have a better performance 
status at the time of grafting especially be
cause they did not show evidence of major 
chemotherapy toxicity. Outcome analysis did 
not show a greater relapse rate for patients 
grafted within 120 days. Thus, long term re-



missions following allogeneic BMT did not 
seem to have been selected from patients al
ready cured by chemotherapy, probably be
cause GVL effect is the most important mech
anism in eradicating leukemia [25]. 

In patients treated by allogeneic BMT for 
AML the impact of presentation features is 
low but transplant-related variables appear 
to have a major impact on the outcome. 
Thus, the therapeutic strategy should take 
into account these parameters which are 
under control of physicians. The possibility 
of using allogeneic peripheral stem cell 
transplantation, for example, may reduce 
TRM and is currently under investigation. If 
confirmed, the impact of time to transplant 
could also be an important factor and it may 
speed the process of transplant. Indeed, the 
sequential strategy that considers trans
plantation after relapse suffers from major 
drawbacks : transplant at the due time is 
often not possible for various reasons (pa
tient status, organizational problems, dis
ease progression); immunological control 
delivered by allogeneic BMT seems less effi
cient with more advanced diseases [26]. 
Thus, we think that when transplantation is 
indicated, it should be performed as soon as 
possible. Practically, this means that a search 
for an allogeneic donor should be started 
without delay. 
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Antithymocyte Globulin as Part of the Pretransplant Conditioning 
Regimen May Reduce Transplant-Related Morbidity and Mortality 
in Chronic Myelogenous Leukemia Patients Undergoing Allogeneic 
Bone Marrow Transplantation 
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Abstract. Antithymocyte globulin (ATG) as 
part of the pre transplant conditioning regi
men has been shown to reduce graft rejec
tion and acute graft versus host disease 
(GvHD) after related allogeneic bone mar
row transplantation (BMT) for severe aplas
tic anemia (SAA) and after unrelated BMT 
for hematological malignancies. Here, we re
port our initial experience with the pre
transplant application of ATG in 16 patients 
undergoing allogeneic BMT for chronic 
myeloid leukemia (CML) between 1993 and 
1996.ATG (30 mg/kg body weight) was given 
as 12-h continuous infusion (Cl) on 3 suc
cessive days during the conditioning thera
py. Outcome was compared with that of 30 
CML patients transplanted between 1990 
and 1996 who did not receive ATG. Ten pa
tients (63%) in the ATG-group vs. 2 patients 
(7%) in the non-ATG group received bone 
marrow from a matched unrelated donor. 
Myeloid engraftment (day of ANC > 0.5 x 
10911) did not differ significantly between 
ATG (median: 17.5; range: 13-24 days) and 
control patients (median: 19; range: 11-28 
days). Day-lOO survival was 69 and 74%, re
spectively. Acute graft versus host disease 
(GvHD) 2': grade II developed in 44% of the 
ATG-patients (grade II: 21%; grade III: 0; 
grade IV: 13%) and in 76% of the patients 
not receiving ATG (grade II: 17%; grade III: 
38%; grade IV: 21 %). Significantly more pa-

I Bone Marrow Transplantation, 

tients not receiving ATG developed severe 
acute GvHD (grade III and IV)(p = 0.002). 
Extensive chronic GvHD occured in none of 
the ATG patients vs.19% in the non-ATG pa
tients (p = 0.015). Overall survival is 69% for 
the ATG-group (median follow-up: 371; 
range 240-1310 days) vs. 43% for the control 
group (median follow-up: 1498; range; 
772-2303 days). These preliminary results 
suggest that ATG as part of the pretransplant 
conditioning might reduce severe acute 
GvHD and extensive chronic GvHD and im
prove overall survival by reducing trans
plant -related mortality. 

Introduction 

Acute graft versus host disease (GvHD) re
mains one of the major problems after allog
eneic bone marrow transplantation (BMT) 
leading to substantial posttransplant mor
bidity and mortality [1-3]. Despite prophy
laxis with a combination of cydosporine A 
(CsA) and four doses of intravenous me
thotrexate (Mtx) [4], 30-60% of patients 
undergoing allogeneic BMT experience 
acute GvHD grade 2': II. One of the risk fac
tors for acute and chronic GvHD is the 
underlying disease. Studies have shown a 
more than 2.S-fold higher cumulative inci
dence for patients with chronic myeloid leu-

2 Dept. of Hematology and Oncology, 
3 Dept. of Transfusion Medicine, and 
4 Dept. of Pediatric Oncology, University Hospital Eppendorf, Martinistr. 52, 20246 Hamburg, Germany 
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kemia (CML) as opposed to other disease 
categories [5,6]. In an attempt at reducing 
the high incidence of graft rejection after al
logeneic BMT from HLA-identical siblings 
for severe aplastic anemia (SAA), antithy
mocyte globulin (ATG) has been included in 
the preparative chemotherapy leading to a 
significant reduction of graft rejection. 
Interestingly, acute GvHD grade ;:::: II in 
these patients was reduced as well ranging 
from 0-15% [7-9]. To decrease the incidence 
of graft rejection [10, 11] and graft-versus
host disease [12, 13] after BMT from unrelat
ed donors, ATG has been used as part of the 
conditioning regimen. Kolb et al. [12] re
ported that ATG not only modified acute 
GvHD but also improved survival of pa
tients with unrelated donors. 

Here, we report our preliminary results of 
16 CML patients who received ATG during 
the preparative chemo/radiotherapy (ATG
group) and compare the results with 30 CML 
patients undergoing allogeneic BMT with
out the pretransplant administration of ATG 
(non-ATG-group ). 

Materials and Methods 

Patients 

The records of 16 CML patients who under
went allogeneic BMT with ATG (ATG group) 
from March 1993 until February 1996 were 
reviewed and compared with those of 30 
CML patients who underwent allogeneic 
BMT without ATG (non-ATG group) from 
February 1990 until September 1995 at the 
University Hospital Eppendorf, Hamburg. 
Patient characteristics are shown in Table l. 
The preparative regimen for the CML con
sisted of fractionated total body irradiation 
(ITBI; 2 x 2 Gy/day for 3 days) or busulfan 
(Bu; 4 mg/kg for 4 days), cyclophosphamide 
(CTX; 60 mg/kg for 2 days) with or without 
etoposide (VP16; 15-45 mg/kg). Rabbit anti
thymocyte globulin (ATG; 30 mg/kg; Frese
nius AG, Germany) was administered by 
slow intravenous infusion on days -3, -2, and 
-1 before transplantation. All patients re
ceived 250 mg of methylprednisolone and 2 
mg of the antihistamine Clemastine prior to 
the ATG infusion. 
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Table 1. Details of CML patients receiving ATG and 
CML patients not receiving ATG 

ATG Non-ATG 
(N=16) (N=30) 

Diagnosis: 
CML 16 30 

1.CP 14 25 
> 1.CP 0 2 

AP 2 3 
Age (years): 

Median 36.5 31.5 
Range 23-58 16-52 

Donor: 
Related 6 28 
Unrelated 10 2 

Conditioning regimens: 
TBI 10 4 
Busulfan 6 26 
VP16 1 10 
CTX 16 16 

Except for eight non-ATG patients receiving 
prednisone and cyclosporine A (CsA), pro
phylaxis of acute GvHD of all other patients 
consisted of intravenous CsA starting on day 
-1 plus four doses of intravenous methotrex
ate (MTX) posttransplant. Two patients in 
the non-ATG group who were transplanted 
from HLA-identical unrelated donors par
ticipated in a randomized study comparing 
a humanized anti-Il-2 receptor monoclonal 
antibody versus placebo as additional GvHD 
prophylaxis. Acute GvHD was diagnosed 
and graded according to the Glucksberg cri
teria [14] and was treated in both groups 
with methylprednisolon and/or antithymo
cyte globulin (ATG). The maximum grade of 
acute GvHD achieved by day 100 posttran
splant was recorded. On admission, all pa
tients prophylactically received a chinolone 
antibiotic (ofloxacin or ciprofloxacin) and 
fluconazole. Beginning in January 1995, all 
patients received prophylactic metronida
zole (MET) [5,15,16] for gastrointestinal de
contamination (ATG-group N = 10; non
ATG-group N = 1) and the IgM-enriched 
intravenous immunoglobulin (IVIG) Pen
taglobin [17,18] on days 1,3,7, 14,21,and 28 
(ATG-group N = 11; non-ATG-group N = 1) 
or non-enriched IVIG (0.5 gm/kg) on day 1, 
14,28 (ATG-group N = 6; non-ATG-group N 
= 29). All patients received IVIG on days 56, 
84, and 120 after transplantation. Grading of 
chronic GvHD has been described before 



[19]. All patients received methylpredniso
lone and an antihistamine prior to marrow 
infusion to prevent untoward effects. Fur
ther posttransplant supportive care has 
been described before [20]. 

Chimerism 

Hematopoietic chimerism was documented 
by the determination of donor-type DNA by 
peR amplification of 6 different polymor
phicloci: HLA-DP (chromosome 6),LDL-re
ceptor (chromosome 19), glycophorin A 
(chromosome 4), hemoglobin g-globin 
(chromosome 11), D7S8-VNTR (chromo
some 7) and group specific component 
(chromosome 4) (Ampli Type PM, Perkin El
mer - Roche Mol. Sys., Branchburg, USA). 
The percentage of mixed hematopoetic 
chimerism was estimated from the staining 
intensity after reverse hybridisation to allele 
specific oligonucleotide probes [21]. 

Statistical Analysis 

The statistical significance was analyzed us
ing the Student's t test for the median 
(range) values and the Fisher's Exact test for 
the percentage values. 

Results 

Patient Characteristics, Engraftment, 
and Chimerism 

The characteristics of the 16 patients who 
received ATG and the 30 patients who did 
not receive ATG are depicted in Table 1. Ad
ministration of ATG was associated with fe
ver in most and chills in some patients, but 
was otherwise well tolerated. Fourteen pa
tients developed fever on one of the three 
days,S patients on 2 of the 3 days of the ATG 
infusion. Four patients developed chills. 
Both reactions were readily controlled by 
temporary discontinuation of the infusion 
and antipyretics. One patient developed ser
um sickness with facial, manual, and pedal 
edema, and athralgia which was treated with 
steroids. 

Table 2. Hematological engraftment of CML patients 
receiving ATG and CML patients not receiving ATG 

ATG non-ATG p' 
(N=16) (N=29) 

ANC > 0.5 X 109/1 17.5 19 NS' 
(median) 

Range (days) 13-24 11-28 

Platelets> 20 X 109/1 24 19 NS' 
(median) 

Range (days) 13-85 11-38 

• Student's t test. 

Ten of 16 patients (63%) in the ATG group vs. 
2 of 30 patients (7%) in the non-ATG group 
were transplanted with bone marrow from 
an HLA-identical unrelated donor. Since all 
recipients of an unrelated donor bone 
marrow were conditioned with TBI, 10 of 
16 patients in the ATG-group vs. 4 (2 pa
tients with unrelated donors and 2 patients 
in accelerated phase) of 30 patients in the 
non-ATG group received total body irradia
tion as part of the pretransplant condition
ing (Table 1). 

Time to myeloid engraftment defined as 
the number of days from marrow transplan
tation until the absolute neutrophil count 
was sustained above 0.5 x 109/1 was not sign
ficantly different between both groups (Table 
2). One patient in the non-ATG group died 
too early to be evaluable for myeloid engraft
ment. Time to platelet engraftment defined 
as the number of days from transplantation 
until the platelet count was sustained above 
20 x 109/1 was neither significantly different 
between the two groups (Table 2). 

Hematopoietic chimersim could be evalu
ated for 12 of 16 patients in the ATG group. 
All 12 patients had completely donor-de
rived hematopoiesis analyzed at different 
time points ranging from 3 to 58 weeks after 
BMT (median 12.5 weeks). All evaluable pa
tients (N = 5) in the non-ATG group showed 
full donor hematopoiesis 6 - 105 weeks after 
transplantation. 

Acute and Chronic GvHD, Day-100, Overall Survival, 
and Cause of Death 

There was no statistically significant differ
ence in the incidence of acute GvHD (grade 
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Table3.GvHD and survival of CML patients receiving 
ATG and CML patients not receiving ATG 

ATG (N=lO) Non-ATG p 
(N=16) (N=30) 

Acute GvHD: 
GvHD 63% (40%) 79% NS" 

(0.04) 
GvHD 44% (10%) 72% NS" 
grade II (0.0007) 
GvHD 13% (0) 59% 0.0028" 
grade III - IV 
Chronic GvHD: 

(0.0008) 

Chronic GvHD 45% (62%) 62% NS" 
(NS) 

Limited 45% (62%) 43% NS" 
(NS) 

Extensive 0 (0) 19% 0.015" 
(0.015) 

Survival: 
Day-lOO 69% (80%) 74% NS' 
survival (NS) 

" Fisher's Exact test for the percentage values (ATG 
patients vs non-ATG patients). Values in parenthe-
ses for the ATG patients represent the values for the 
ATG patients receiving bone marrow from an unre-
lated donor. p values in parentheses = ATG patients 
receiving bone marrow from an unrelated donor vs. 
all non-ATG-patients. 

I - IV) or GVHD grade:::::: ll: ATG-group 63 
and 44% vs. non-ATG group 79 and 72%, re
spectively. Considering only the ATG pa
tients receiving marrow from an unrelated 
donor (N = 10) and comparing them with the 
non-ATG group, there was a significant dif
ference in the overall incidence of acute 
GvHD, GvHD grade:::::: IJ, and GvHD grade 
III-IV (Table 3). Furthermore, there was a 
significant difference in the incidence of se
vere acute GVHD (grade III-IV) between 
the entire ATG-group (13%) and the non
ATG group (59%)(p = 0.028; Table 3). Ex
cluding the patients in the non-ATG group 
who received CsA and steroids (N = 8) in
stead of CsA and methotrexate (N = 22) did 
not change the difference in the incidence of 
severe acute GvHD. Chronic GvHD occurred 
in 45% of the evaluable patients in the ATG
group and 62% in the non-ATG group (not 
significant; Table 3). While there was no dif
ference in the incidence oflimited GvHD, ex
tensive chronic GvHD occurred in a signifi
cantly higher proportion of patients not re
ceiving ATG (19%) vs patients receiving ATG 
(none; p = 0.015; Table 3). Excluding the pa-
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tients in the non-ATG group who received 
CsA and steroids (N = 8) instead of CsA and 
methotrexate (N = 22) did not change the 
difference in the incidence of extensive 
chronic GvHD. 

Within the first 100 days posttransplant, 5 
patients (31%) who received ATG and 8 pa
tients (26%) who did not receive ATG died, 
giving a day-l 00 survival of 69 and 74%, re
spectively. Kaplan-Meier analysis (Fig. 1) 
did not reveal a statistically significant dif
ference in long-term survival between the 
two groups (p= 0.39). With a median follow
up of 371 days (240-1310 days) and 1498 
days (772-'23Q3 days), 11 of the ATG patients 
(69%) and 13 of the non-ATG patients (43%) 
are alive, repectively. Acute and chronic 
GvHD were the main reasons for mortality 
in both groups: ATG: 3 of 5 patients (60%) vs. 
non-ATG: 11 of 17 patients (64%). Patients 
receiving ATG as part of the conditioning 
did not experience more opportunistic in
fections; EBV-induced lymphoma did not 
occur in either group. 

Discussion 

This retrospective analysis was aimed at de
fining the contribution of ATG on the risk of 
acute GvHD after allogeneic marrow trans
plantation (BMT). Our results confirm earli
er reports [12,13] which showed a beneficial 
effect of pretransplant administration of 
antithymocyte globulin (ATG) on the inci
dence and severity of graft-versus-host dis
ease and survival after allogeneic bone mar
row transplantation (BMT). ATG adminis
tration did not delay engraft me nt, did not 
result in detectable mixed chimerism, and 
did not lead to more infectious complica
tions. Because of the small sample size and 
relatively short follow-up, our data must be 
viewed as preliminary. Nevertheless, the re
sults are encouraging. 

ATG has been used to decrease the inci
dence of graft rejection after allogeneic 
bone marrow transplantation (BMT) for se
vere aplastic anemia (SAA) [7-9] and after 
BMT with unrelated donors for hematologi
cal malignancies [10]. Based on encouraging 
results from conditioning regimens contain
ing antithymocyte globulin combined with 
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Fig.l. Posttransplant survival of all ATG patients (N = 16) vs. ATG patients receiving marrow from unrelated 
donors (N = 10) vs. non-ATG patients 

alkylating agents, Storb et al. [22) used cy
clophosphamide plus ATG to prepare pa
tients with severe aplastic anemia (SAA) 
who had rejected the first transplant. Since 
this regimen proved to be very effective, it 
was also used for patients with SAA receiv
ing their first transplant [7) leading to an ex
cellent 92% 3-year actuarial survival. Only 
two of 39 patients rejected their grafts. Inter
estingly, acute GvHD occurred in only 15% 
and chronic GvHD in 34% of patients. In an
other report, eight of nine patients trans
planted for SAA survived without graft re
jection or development of acute or chronic 
GvHD [8). In an attempt at reducing the 
higher incidence of graft rejection after al
logeneic BMT from unrelated donors, many 
transplant centers have included ATG in the 
pretransplant conditioning. 

ATG has also been used with varying suc
cess as prophylaxis and treatment of graft
versus-host disease after allogeneic bone 
marrow transplantation. In general, it can be 
effective if given to recipients before or 

shortly after transplantation or if the hemat-
0poietic graft is incubated with ATG before 
infusion [23-29). Two early prospective 
studies randomly assigned HLA-identical 
allogeneic marrow graft recipients to receive 
or not receive prophylactic ATG in addition 
to regular methotrexate. Neither study dem
onstrated a lessened severity or incidence of 
GvHD or an improvement in survival com
pared to the control group [31, 32). In an
other study [33], however, a combination of 
methotrexate, ATG, and prednisone signifi
cantly decreased the incidence of acute 
graft-versus-host disease (Mtx: 48% vs. Mtx 
+ prednisone + ATG: 21 %), but there was no 
significant difference in survival or the inci
dence of chronic GvHD between the two 
groups. 

Earlier studies have shown that the inci
dence of GvHD after marrow transplanta
tion from HLA-identical siblings for chronic 
myelogenous leukemia is similar when me
thotrexate (Mtx) or cyclosporine A (CsA) 
alone is used [34). However, a significant re-
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duction in the cumulative incidence of grade 
II to IV acute GvHD was observed in pa
tients who received a combination of CsA 
and short-course Mtx (33%) as compared to 
those receiving CsA alone (54%) (p= 0.014). 
The actuarial survival rates in the two 
groups at 1.5 years were 80 and 50%, respec
tively (p = 0.062) [35]. Thus, the failure of 
earlier studies to show a beneficial effect of 
prophylactic ATG on the incidence and se
verity of acute and chronic GvHD and survi
val might be attributable to the suboptimal 
prophylaxis of GvHD (Mtx without CsA). 

Recently, two groups [12, 13] reported that 
ATG not only modified acute GvHD but also 
improved survival of patients who received 
marrow from unrelated donors. As suggest
ed by earlier studies in dogs [36], the effect of 
ATG seemed to be dose dependent since 
acute GvHD developed in three patients not 
given ATG, in 21 of 23 patients given 5 mg/kg 
ATG on 4 successive days, 14 of 21 patients 
given 10 mg/kg ATG on 4 successive days, 
and five of ten patients given 20 mg/kg ATG 
on 4 succesive days (p = 0.04). The cumula
tive ATG dose which seemed to be most ef
fective in that series (80 mg/kg) is similar to 
the cumulative ATG dose (90 mg/kg) in our 
patients. 

Considering the higher incidence of acute 
GvHD after BMT from unrelated in compar
ison to related HLA-identical marrow do
nors and the much higher proportion of un
related donors for patients who received 
ATG, one would assume that the patients 
who received ATG were at an increased risk 
of developing acute GvHD in comparison to 
the non-ATG group. The opposite result in 
our patients further supports the effective
ness ofATG. 

A retrospective analysis from Essen in
volving 194 patients showed that complete 
and sustained growth suppression of intesti
nal anaerobic bacteria independently re
duced the risk of grades II - IV acute GvHD 
after HLA-identical sibling BMT [5]. In an 
open prospective randomized trial, the same 
group was able to demonstrate that intesti
nal bacterial decontamination by a combi
nation of ciprofloxacin plus metronidazole 
reduced the initial and maximum degree 
of severity of acute GvHD when compared 
to patients only receiving ciprofloxacin 
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[15, 16]. All of our patients received a pro
phylactic chinolone antibiotic. Starting at 
the beginning in 1995, all patients received 
metronidazole for anaerobic decontamina
tion. Patients also received regular intrave
nous immunoglobulin which has been 
shown to reduce the rate of GvHD and post
engraftment septicemia [37-42]. Also start
ing at the beginning of 1995, patients re
ceived IgM -enriched intravenous immuno
globulin (Pentaglobin) on days 1,3,7,14,21, 
and 28 after transplantation instead of regu
lar immunoglobulin on days 1, 14, and 28. 
IgM -enriched immunoglobulins have been 
shown to reduce peak en do toxaemia signifi
cantly after bone marrow transplantation 
and to protect patients from dying from in
fection in the first 100 days after transplan
tation [17, 18]. Furthermore, Pentaglobin 
has been shown to be effective in the treat
ment of mild and moderate GvHD [43]. 
Whether ATG by itself as suggested by other 
studies [12,13] or in combination with Pen
taglobin and/or metronidazole leads to less 
severe acute and chronic GvHD and im
proved survival can not be determined by 
the results of the present report since most 
of the ATG patients, (N = 10) received Pen
taglobin and metronidazole (compared to 
only one patient in the non-ATG group). 

Two randomized studies have shown that 
the incidence or severity of bacterial, fungal, 
and nonpulmonary viral infections does not 
appear to be increased in patients receiving 
ATG as GvHD prophylaxis [32] or treatment 
[44]. We found no increased incidence of in
fection in patients who received ATG. En
hanced immunosuppression by the admin
istration of ATG has to be weighed against 
the severe imunosuppression by acute and 
chronic GvHD and their treatment. 

To further define the role of prophylactic 
administration of ATG, one has to consider 
some key variables such as the timing of ATG 
administration [36], the particular lot of 
ATG used, the species in which the ATG was 
produced (horse vs. rabbit), the dose admin
istered, or the metabolism of ATG in individ
ual patients [32]. 

We conclude that ATG (30 mg/kg on 3 
days) as part of the pretransplant condition
ing regimen for patients with chronic mye
logenous leukemia undergoing related or 



unrelated bone marrow transplantation 
might lead to improved disease-free survival 
by reducing transplant-related mortality 
from severe acute and extensive chronic 
GvHD. ATG does not appear to abrogate the 
graft-versus leukemia effect in CML pa
tients. 
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Introduction 

Transplantation of allogeneic stem cells has 
become a well established treatment for a 
variety of hematological malignancies in
cluding poor-risk acute leukemias [1). This 
procedure has the highest probability of 
success if donor and recipient are closely 
HLA-matched. For patients without a suit
able relative, one option is to identify an 
HLA-identical unrelated volunteer donor 
[2). Despite the enormous polymorphism of 
HLA genes, the probability of finding a com
patible unrelated donor is increasing since 
the international registries contain now 
more than 3.5 million HLA-typed volun
teers. Shortening the time needed for the do
nor search has made unrelated donor bone 
marrow transplants (URD-BMT) a realistic 
alternative for the treatment of patients with 
acute leukemia. Five-hundred ninety-five 
URD-BMT were facilitated by the u.S. Na
tional Marrow Donor Program (NMDP) for 
the treatment of acute leukemias between 
1989 and 1993 [3). Ninety-four acute leuke
mia patients receiving marrow transplants 
from unrelated donors were reported to the 
European Group for Blood and Marrow 
Transplantation during 1992 [4),165 in 1993, 
[5),240 in 1994 [6),and349 in 1995 [7). Here, 
we report the results of URD-BMT per
formed in Seattle for the treatment of acute 
leukemia, during the last 16 years. Here we 

focus on detailed analysis of the factors 
associated with the outcome in 174 patients 
with primary acute leukemia receiving 
URD-BMT and on description of the out
come in a cohort of 18 patients with Phila
delphia-positive (Ph+) acute lymphoblastic 
leukemia (ALL) as an example of a very high 
risk disease that should be treated by trans
plantation early during first remission. 

Prognostic Factors in Patients with Primary 
Acute Leukemia 

Patients and Methods 

One-hundred seventy-four patients with 
primary acute leukemia received unrelated 
donor marrow transplants at the Fred 
Hutchinson Cancer Research Center 
(FHCRC) or the Seattle Veterans Affairs 
Medical Center, between September 1979 
and June 1994. Other patients with acute leu
kemia transplanted from unrelated donors 
during the same period not included in this 
report are those with preceding myelodys
plasia, leukemia secondary to chemothera
py or radiation, leukemia relapsing after au
tologous transplant, and patients trans
planted with T-cell depleted marrow. Char
acteristics of the patients are summarized in 
Table l.All patients transplanted during first 
complete remission had poor prognosis fea-

1 Hematology Department, Hospital Clinic, University of Barcelona, Barcelona, Spain 
2 Fred Hutchinson Cancer Research Center, Seattle, Washington, USA 
3 University of Washington, Seattle, Washington, USA 
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Table 1. Characteristics of 174 patients receiving unrelated donor marrow transplants for acute leukemia (Af
ter Sierra J, Storer B, Hansen JA et al. Transplantation of marrow cells from unrelated donors for treatment of 
high-risk acute leukemia: The effect ofleukemic burden, donor HLA-matching and marrow cell dose. Blood 
1997, Vol 89: pp 4226-4235) 

Characteristic Remission Relapse PIP Total 
n=66 n=94 n= 14 n= 174 

Age (years) 
< 18/2': 18 33/33 33/59 5/9 711103 
Median (range) 17 (1-47) 21 (.5-51) 31 (7-54) 20 (.5-54) 
Sex (male/female) 34/32 53/41 11/3 98/76 
AMLI ALLIHybrid AL 21/41/4 40/49/5 1311/0 74/91/9 
WBC at diagnosis (xl 0911) 
Median (range) 10 (.7-195) 15 (.7-650) 17 (1.3-288) 13 (.7-650) 
Patient CMV seropositive 
pretransplant 27 44 11 82 
Donor 
HLA-minor mismatched 22 34 6 62 

Abbreviations: AL, acute leukemia; ALL, acute lymphoid leukemia; AML, acute myeloid leukemia; CMV, cy
tomegalovirus; PIP, primary induction failure; WBC, white blood cells. 

tures. Duration of the first remission was 
less than one year in 35 (83%) of the 42 pa
tients transplanted in first relapse, and in 16 
(46%) of the 35 patients transplanted in sec
ond remission. 

The interval time between initiation of 
the donor search and transplant ranged 
between 1 and 68 months (median 5.3 
months). The FHCRC Clinical Immunoge
netics Laboratory confirmed the HLA typ
ing for all patients. Histocompatibility crite
ria for donor selection have been previously 
published [8]. HLA-DRB1 allele compatibil
ity was assessed by hybridization of ampli
fied DNA with sequence-specific oligonu
cleotide probes (SSOP) in 151 (87%) pairs 
[9]. In the remaining cases (13%), HLA-DR 
typing was performed using nylon-wool 
purified B cells in a modified microtoxicity 
crossmatch assay [10]. "Dw" assignments 
were made by stimulation with HLA-D ho
mozygous typing cells in a standard HLA-D 
typing assay [11]. The number of patients re
ceiving marrow from donors with minor 
HLA -disparity is shown in Table 1. 

One-hundred sixty-eight patients (96%) 
received cyclophosphamide, 60 mg per kg 
recipient body weight, intravenously on 
each of2 successive days and total body irra
diation (TBI) as conditioning regimen for 
transplantation. TBI was hyperfractionated 
and administered to a total exposure of 12 
Gy in 4 (2%) cases, 13.2 Gy in 94 (53%), 14.4 
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Gy in 64 (37%), and 15.75 Gy in 6 (4%). 
Chemotherapy alone was the preparative 
regimen in 6 (4%) cases. 

Aspirated marrow collected at the harvest 
center was generally transported at room 
temperature and was administered intrave
nously after completion of the preparative 
regimen. The median number of nucleated 
cells infused, not corrected for potential 
blood contamination, was 3.65 X 108/kg 
(range 0.7 to 46.1). The median (range) val
ues in children and adults were 4.8 (1.4-46.1) 
X 108/kg and 3.3 (0.7-9.9) X 108/kg, respec
tively. 

To prevent bacterial infections intrave
nous antibiotics were administered while 
the absolute neutrophil count (ANC) was 
less than 0.5 Xl 0911. Only 8% of patients 
(n=13) received granulocyte-macrophage 
colony stimulating factor (GM-CSF) with 
the intention of accelerating neutrophil re
covery. Cyclosporine and methotrexate, ad
ministered according with the schedule re
ported elsewhere (12), was the GVHD pro
phylaxis in 148 (85%) cases. 

The first of three consecutive days when 
the absolute neutrophil count (ANC) sur
passed 0.5X109/1 was considered the day of 
myeloid engraftment. Primary failure to en
graft was defined as the absence of myeloid 
engraftment in patients who survived in re
mission for at least 28 days after transplanta
tion. ANC recovery above 0.5x109/1 followed 



by a sustained decrease of counts to below 
0.lOx109/1 was defined as secondary graft 
failure. The first of seven consecutive days 
with a platelet count exceeding 50x109/1, in 
absence of transfusion support, was consid
ered the day of platelet engraftment. 

Consensus criteria were used to diagnose 
and grade acute and chronic GVHD [13]. 
Primary treatment for acute GVHD was glu
cocorticoids, and secondary treatment in
cluded anti-T cell antibodies in some cases 
[14-16]. Patients who survived in remission 
at least 100 days after transplantation were 
evaluable for the occurrence of chronic 
GVHD. In absence of extensive chronic 
GVHD, immunosuppressive therapy was ta
pered and discontinuation by day 180 if the 
patients remained free of chronic GVHD. 
Patients with clinical extensive chronic 
GVHD were continued on immunosuppres
sive therapy for at least an additional 9 
months [17-18]. 

Results of the study were analyzed as of 
June 30, 1995. Cumulative incidences of gra
nulocyte recovery, platelet recovery, acute 
GVHD, chronic GVHD, non-leukemic death, 
and relapse were calculated. Leukemia-free 
survival (LFS) was estimated according the 
Kaplan-Meier method [19]. Donor and 
transplant characteristics were evaluated in 
a univariable analysis. P-values appearing in 
the figures represent the results of log-rank 
tests [20]. Parameters influencing LFS, non
leukemic death, and relapse were analyzed 
in the entire group of 174 cases, and separ
ately in the 66 patients transplanted in re
mission versus the 94 patients transplanted 
in relapse. Variables significant at a level 
:S 0.1 in the log-rank test were evaluated in a 
multivariable analysis using the Cox regres
sion method [21]. A multivariable analysis 
of parameters predicting granulocyte and 
platelet engraftment, development of grades 
III-IV acute GVHD and extensive chronic 
GVHD was carried out in the entire group of 
174 patients. 

Results 

Engraftment 
Ten of 16 patients who died during the first 
28 days after transplantation never 

achieved a neutrophil count above 
0.5X109/1. One hundred fifty-six (98%) of 
the remaining 158 patients achieved sus
tained donor engraftment. One patient sur
viving more than 28 days failed to engraft 
and another had secondary graft failure. 
Median time to an ANC greater than 
O.5X 109/1 was 21 days. Administration of a 
marrow cell dose above the median of 
3.65 X 108 nucleated cells/kg and transplan
tation in remission were associated with 
faster neutrophil recovery (RR: 1.5, c.1.: 1.1-
2.0,p=0.01, and RR: 1.5, c.1.: 1.1-2.1,p=0.01 
respectively). Episodes of neutropenia be
low 0.5 X 109/1 occurred between day 42 and 
84 after transplantation in 2 (2%) patients 
in the high cell dose group and in 13 (15%) 
in the low cell dose group. Self-sustained 
platelet counts above SOX 109/1 by 100 days 
occurred in 48% of patients. Patients receiv
ing >3.65X108 marrow nucleated cells/kg 
and those transplanted in remission had a 
faster platelet recovery (RR: 4.5, c.1.: 2.7-7.5, 
p<O.OOl and RR: 2.6, c.1.: 1.7-4.2, p<O.OOl, 
respectively). 

GVHD 
The cumulative incidence of grades II-IV 
acute GVHD was 82% and of grades III-IV 
GVHD was 47%. A marrow cell dose above 
the median value of 3.65X 108/kg was the 
only factor associated with a lower inci
dence of grade III-IV acute GVHD (RR: 0.6, 
c.1.: 0.4-0.9, p=O.Ol). Ninety-two (53%) of 
the patients survived in remission at least 
100 days after transplantation and were at 
risk for chronic GVHD. Clinical extensive 
chronic GVHD developed in 52% of evalu
able patients with a median onset of 206 
days after transplantation. Older patient age 
(RR: 1.03,C.I.: 1.01-1.05,p=0.0l) and previ
ous grades III-IV acute GVHD (RR: 1.8, C.I.: 
1.04-3.3, p=0.04) were associated with an 
increased incidence of clinical extensive 
chronic GVHD. Marrow cell dose did not af
fect the development of extensive chronic 
GVHD. 

Non-Leukemic Death 
Cumulative mortality from non-leukemic 
death was 39% at 5 years, with 73% of these 
events occurring within the first 100 days. 
Marrow cell dose above the median was the 
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Fig.l a,b. Effect of marrow cell dose (nucleated cells 3 lOB/kg of recipient body weight) on: a cumulative inci
dence of non-leukemic death after transplant in remission, b leukemia-free survival after transplant in re
mission 

only significant factor associated with a low
er risk of non-leukemic death in the entire 
group of 174 patients (RR: 0.5, c.1.: 0.3-0.S, 
p=0.003) . The effect of marrow cell dose was 
even more prominent in the 66 patients 
transplanted in remission (RR: 0.2, c.1.: 0.1-
0.4, p=O.OOOl, Fig.1a). For the latter group, 
the favorable effect of a high marrow cell 
dose on non-leukemic death remained sig
nificant when considering marrow cell dose 
as a continuous variable in the models. 
Among patients transplanted during remis
sion, a higher marrow cell dose was associat
ed with a lower cumulative incidence of 
non-leukemic death both in the 33 patients 
< IS years of age (73 vs. 15%) and in the 33 
patients 2': IS years of age (61 vs. 2S%). In ad
dition, patient age was not a significant fac
tor in any of the multivariable analyses that 
considered the effect of marrow cell dose. 
Fatal bacterial or fungal infections were 
more frequent in patients in remission 
transplanted with low cell doses than in 
those transplanted with a higher cell dose 
(32 vs. 3%, p=0.006). There was no signifi
cant association between marrow cell dose 
and non-leukemic death among patients 
transplanted during relapse. The absence of 
blasts in the peripheral blood before start
ing the conditioning regimen was the single 
factor associated with a decreased risk of 
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non-leukemic death in this group (RR: 0.3, 
c.1.: 0.1-0.7,p=0.002). 

Relapse 
The cumulative incidence of leukemic re
lapse among the 174 patients was 41 %. This 
complication appeared between 0.7 months 
and 5.5 years after transplantation with a 
median onset at 9 months. Marrow cell dose 
had no influence on the risk of relapse after 
transplantation. Transplantation during re
mission was associated with a significantly 
lower risk of leukemic relapse compared to 
transplantation in relapse or after primary 
induction failure (RR: 0.3, c.1.: 0.2-0.5, 
p=O.OOOl; Fig. 2a, 2b). Among patients in re
lapse, the presence of <30% leukemic blasts 
in the marrow before starting the condition
ing regimen was associated with a decreased 
risk of post-transplant leukemia recurrence 
(RR: 0.4, c.1.: 0.2-0.S, p=O.Ol, Fig. 3a). The 
incidence of relapse was lower in the 
group of patients transplanted from HLA
mismatched donors compared to matched 
donors (RR: 0.5, c.1.: 0.3-0.9, p=0.03). The 
use of an HLA-mismatched donor was the 
single factor associated with a decreased 
risk of recurrent malignancy after trans
plantation (RR: 0.2, C.1. 0.05-1.1 , p=0.06) 
among the 66 patients transplanted during 
remission. 
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Fig.3a,b. Cumulative incidence of relapse b leukemia-free survival depending on the number of blasts in mar
row (BM)orblood (PB) 

Leukemia-Free Survival 
After a median follow-up of 3.5 years (range 
1.2 - 9.6 years), 34 (19%) of the 174 patients 
remain alive and disease-free. The Karnof
sky score is 100% in 25 (73%) of these 34 pa
tients, between 90 and 99% in 4 (12%) and 
below 90% in 5 (15%). Seven patients re
main under treatment for chronic GVHD 
for periods ranging between 16 and 69 

months, whereas the remaining 27 (79%) 
have discontinued immunosuppressive 
treatment. 

LFS was not significantly different in ALL 
vs. AML or hybrid leukemia (p=0.21). In the 
group of 11 patients transplanted in first re
mission, 6 remain alive and disease-free. Fif
teen patients with AML transplanted in sec
ond remission had a 27+ 11 % probability of 
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Table2. Multivariable analysis of factors associated with leukemia-free survival (After Sierra J, Storer B, Han
sen JA et al. Transplantation of marrow cells from unrelated donors for treatment of high-risk acute leuke
mia: the effect ofleukemic burden, donor HLA-matching and marrow cell dose. Blood 1997, vol 89: pp 4226-
4235) 

Group Parameter Favorable Leukemia-free survival 

Category RRa 95% CI Pvalue 

All patients Status Remission 0.5 0.3-0.7 0.0001 
(n= 174) Cell dose > 3.6sb 0.6 0.5-0.9 om 

Patient CMV status Seronegative 0.7 0.5-1.0 0.05 

Remission Cell dose > 3.6sb 0.3 0.2-0.6 0.0009 
(n=66) 

Relapse Blasts in PB None 2.5 1.7-5.0 0.0001 
(n=94) 

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; n, number; PB, peripheral blood; RR, relative 
risk. 
a Relative risk r efers to relapse or death; RR> I is unfavorable. 
b Marrow nucleated cells X lOs/kg recipient body weight. 

LFS at 5 years vs. 37+ 11 % for 19 patients 
with ALL in second remission (p= 0.7). None 
of 3 patients with AML in subsequent remis
sions survives vs. a 25+ 12% LFS at 5 years for 
16 patients with ALL. In patients transplant
ed during relapse, 40 with AML had a 
12::±::5% LFS at 5 years and 49 patients with 
ALL had a 10+ 4% LFS (p= 0.7). LFS was sig
nificantly better in patients transplanted 
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during remission than in those transplanted 
in relapse or after primary induction failure 
(Fig. 4a, b, Table 2). Patients transplanted 
during relapse with less than 30% blasts in 
the marrow and no blasts in the blood had a 
5-year leukemia-free survival of 30::±:: 10%, 
those with :::::30% blasts in the marrow and 
no blasts in the blood had a 5-year LFS of 
I I ::±:: 7%, and patients with blasts in the blood 



had a LFS of 0% at 2 years (Fig. 3b, Table 2). 
In the multivariable analysis, higher marrow 
cell dose was significantly associated with 
improved LFS (Table 2), remaining the sin
gle favorable factor among patients trans
planted during remission (Fig. Ib, Table 2). 
The effect of marrow cell dose was not de
pendent on patient age and obesity. As 
shown in Table 2, LFS was better for patients 
with negative CMV serology before trans
plant. 

Transplation for Treatment of Philadelphia 
Chromosome-Positive ALL 

Patients and Methods 

Between November 1988 and December 
1995,18 patients with Ph chromosome-posi
tive ALL received URD-BMT at the FHCRC. 
Thirteen of these patients have also been in
cluded in the previous section. The diagno
sis had been established at other institu
tions, and initial treatment had consisted of 
intensive chemotherapy regimens for high
risk ALL. The Ph chromosome had been de
tected at diagnosis in 16 patients and was ev
ident after relapse prior to transplant in one 
other case. In one additional patient in 
whom cytogenetic study had been unsuc
cessful, the bcr-abl rearrangement was 
present at diagnosis. Characteristics of the 
patients are summarized in Table 3. In 17 pa
tients,leukemic cells had a B-lineage CDI0+ 
phenotype, and one patient had a CD 1 0- dis
ease. 

A single disparity at one HLA-A, B or 
DRBllocus was present in 7 (39%) donor
recipient pairs (Table 3). The regimen used 
for conditioning was cyclophosphamide, 60 
mg/kg, intravenously on each of 2 succes
sive days, and TBI to a total exposure of l3.2 
Gy (11 fractions) in patients;:::: 18 years of 
age and 14.4 Gy (12 fractions) in children. 
Males received 4 Gy of additional testicular 
radiation. All patients received 2 doses of 
intrathecal methotrexate before the trans
plant and 4-6 additional doses after engraft
ment. A median of 3.0X lOB/kg recipient 
body weight (range 1.2-9.9) nucleated mar
row cells were harvested. Cytomegalovirus 
(CMV) serology pretransplant was positive 

in 7 patients. In the remaining 11 cases CMV 
serology was negative in both donor and re
cipient. Acute GVHD prophylaxis consisted 
of cyclosporine and methotrexate in 12 cas
es [12), methotrexate and FK506 in 3 [22), 
cyclosporine plus methotrexate and hu
manized monoclonal antibody against the 
interleukin-2 alpha chain receptor (anti
Tac) in 1 patient [23), and T-cell depletion of 
the marrow (total depletion of CD4+ cells 
and partial depletion of CD8+ cells) plus cy
closporine and methotrexate posttran
splant in 2 patients who received marrow 
from a one-HLA-antigen major mis
matched donor (study in progress). Defini
tions for engraftment, graft failure, acute 
GVHD, chronic GVHD, non-leukemic 
death, relapse, and LFS have been described 
above. Follow-up of the patients was updat
ed as ofJuly 1, 1996. 

Results 

None of the 17 patients surviving at least 28 
days after transplantation experienced graft 
failure. Median time to recover 0.5 Xl 09/1 
ANC was 23 days (range 12-36 days). A plate
let count above 50 X 109/1 was achieved in l3 
patients at a median time of 26 days (range 
l3-361 days) after transplant. Grade II-IV 
and grade III-IV acute GVHD appeared in 
76 and 35% of patients, respectively. Eight 
(62%) of the l3 survivors in remission for 
more than 100 days developed chronic 
GVHD at a median of l30 days (range 100-
285 days) and five continue on immunosup
pressive treatment between 269 and 2191 
days after transplant (median 377 days). 
Non-leukemic death occurred in four pa
tients (22%) and resulted from cardiac fail
ure in one case, idiopathic pneumonia syn
drome in two, and pulmonary aspergillosis 
in one. 

Two patients surviving in remission have 
chronic GVHD. 

Leukemia recurred at a median of 107 
days (range 56-l35 days) after transplant in 
5 of 10 (50%) patients transplanted with pri
mary refractory or relapsed disease, and 
there were no recurrences among the 8 pa
tients transplanted during remission. All pa
tients who relapsed after transplantation 
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Table 3. Characteristics and outcome in 18 patients receiving marrow transplants from unrelated donors for 
treatment of Philadelphia chromosome-positive acute lymphoblastic leukemia (After Sierra J, Radich J, 
Hansen JA, et al. Marrow transplants from unrelated donors for treatment of Philadelphia chromosome-pos-
itive acute lymphoblastic leukemia. Blood 1997, in press) 

Age Gender Time interval DonorHLA- Disease GVHD Relapse Survival 
(yrs) (Pt/D) search start mismatching stage at BMT Acute Chronic (m) (m) 

toBMT(m) grade 

25 M/M 8.9 None 1 st Remission III Extensive No >73.0 
47 F/F 3.6 None 1 st Remission II Extensive No >41.5 
26 M/F 2.5 None 1 st Remission II No No >24.7 
3 F/M 4.8 None 1 st Remission III Extensive No >17.1 
1.7 M/F 3.8 None 1 st Remission II Extensive No >16.5 
43 F/F 6.1 None 1 st Remission I Extensive No 9.6 
51 M/M 4.5 None 1 st Remission I No No >9.3 
34 M/M 2.9 None 2nd Remission I Limited No >9.0 
--------------------------------------------------------------------------------------------------------------------------
20 M/M 4.0 DRBla 1 st Relapsec II Extensive No >31.4 

1st Relapse 29 M/M 3.5 None II Extensive No >12.6 
43 M/M 2.6 None 1st Relapse II NA 1.9 4.0 

Ab 2nd Relapse 47 F/F 5.9 I No 4.5 5.2 
8 F/M 4.9 Ba 2nd Relapse IV NA No 2.0 

DRB l b 2nd Relapse 20 M/M 4.1 NA NA No 0.1 
19 F/F 3.0 DRBla 3rd Reiapse III NA 3.2 3.7 

3'd Relapse 35 F/M 5.6 Ba IV NA No 2.5 
21 F/M 11.7 None 4th Relapse III No 3.9 4.2 
25 M/M 8.3 DRBla Induction failure II No 3.6 4.9 

Abbreviations: BMT, bone marrow transplant; D, donor; F, female; GVHD, graft -versus-host disease; M, male; 
m, months; NA, not applicable; Pt, patient; yrs, years.aMinor mismatch defined as a single disparity for HLA
A or HLA-B antigens belonging to the same crossreactive group, or a single DRBI disparity for subtype al
leles within the same DR specificity. bOne-antigen major mismatch defined as a single disparity not fullfill
ing the criteria for minor mismatch. cTransplanted in CNS relapse and marrow remission. The dashed line 
separates patients in complete remission at transplantation from those with primary refractory or relapsed 
leukemia. 

died shortly thereafter. Tests for the bcr-abl 
gene rearrangement were negative in 7 of 
the 9 survivors. The remaining 2 patients 
tested positive by PCR at 3 months after 
transplant, but remain in cytogenetic and 
hematological remission 10 and 38 months 
after the positive PCR test. 

After a median follow-up of 17 months (
range 9to 73 months),9 of the 18 patients are 
alive in continuous remission. Kaplan-Meier 
probabilityofLFS is 49± 12% at 2 years (Fig. 
5). Six of the seven patients transplanted in 
first remission, 2 of 3 in first relapse, and the 
one in second remission are leukemia-free 
survivors. The Karnofsky scores of the 7 sur
viving adults are 100% in 3, 90% in 2, and 
80% in 2 cases. One of the 2 children who 
survive has a Lansky play score of 100% and 
the other has a score of 60% due to extensive 
scleroderma. 
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Discussion 

This report, studies from other institutions 
[24-26] and the data published by the NMDP 
[3,27] (Table 4) demonstrate that URD-BMT 
can be effective therapy in children and 
young adults with poor-risk acute leukemia 
when an HLA-compatible family donor is 
not available. As observed in matched sib
ling donor transplants, the outcome was 
strongly influenced by disease-stage, and 
was significantly better among patients 
transplanted during remission than among 
those in relapse. The results observed in pa
tients with Ph-positive ALL, with 6 of 7 pa
tients transplanted in first remission surviv
ing leukemia-free, support continued inves
tigations of the usefulness of URD-BMT in 
first remission for patients with high risk of 
leukemia recurrence after more convention
al treatment. This group would include pa
tients with ALL or AML who have difficulty 
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Table 4. Results of unrelated-donor marrow trans
plants for acute leukemia facilitated by the US Na
tional Marrow Donor Program (After Beatty PG, 
Kollman C, Howe CWS In: Cecka and Terasaki, Eds., 
Clinical Transplants 1995, UCLA Tissue Typing La
boratory, Los Angeles, California, 1996, pp 271-277) 

Disease No. of 2-year 
patients survival 

AML in first complete remission 39 39 % 
AML in second complete remission 63 26 % 
AML in 2- third remission or relapse 149 13 % 
ALL in first complete remission 57 38 % 
ALL in second complete remission 113 45 % 
ALL in third or greater 
complete remission 94 24 % 
ALL in relapse 80 14% 

Abbreviations: AML, acute myeloid leukemia; ALL, 
acute lymphoid leukemia. 

in achieving a complete remission (CR) and 
those with cytogenetic abnormalities indi
cating adverse prognosis, such as those in
volving chromosomes 5,7,11 or of multiple 
random abnormalities. 

The low relapse rate observed after URD
BMT for Ph-positive ALL contrasts with the 
high frequency of leukemia recurrence ob-

served when these patients are treated with 
chemotherapy [28], or with autologous [29-
34] or allogeneic marrow transplantation 
from relatives [29,31,32,33,35,36]. The low 
relapse incidence in the URD-BMT recip
ients could result from a powerful graft-ver
sus-leukemia effect. This hypothesis is sup
ported by the lower incidence of leukemia 
recurrence observed after URD-BMT as 
compared to autologous marrow transplan
tation in patients with acute leukemia [8] 
(Table 5) or compared to marrow transplan
tation from HLA-identical siblings in pa
tients with chronic myeloid leukemia who 
receive T-cell depleted [37] or non-depleted 
marrow [2]. The graft-versus-Ieukemia ef
fect might be amplified in presence of HLA
disparity, since we found a significant de
crease in the relapse rate in the group of pa
tients receiving marrow from HLA-mis
matched donors. 

Recent reports emphasize the survival ad
vantage for patients receiving URD-BMT 
from donors matched for HLA-DRBI by 
high resolution methods [39-40]. Here we 
show that in patients with acute leukemia, 
the use of marrow from donors with limited 
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Table 5. Probability of relapse and leukemia-free survival after autologous or unrelated donor marrow trans-
plantation for acute leukemia. (BuscaA,Anasetti C,Anderson G et al. Unrelated donor or autologous marrow 
transplantation for treatment of acute leukemia. Blood 1994; 83: 3077 -3084) 

Disease stage BMT Patients Relapse P-value LFS P-value 
(n) at 3 years at 3 years 

Remission Autologous 31 55% 

Unrelated 18 27% 

Relapse Autologous 46 65% 

Unrelated 25 48% 

Abbreviations: LFS, leukemia-free survival. 

HLA-A, B or D/DRBl-disparity is associated 
with higher morbidity from severe GVHD 
but no detrimental effect on survival [38]. 
The use of a partially mismatched donor 
could double the number of patients who 
can be transplanted [2]. 

Approximately 30% of patients with AML 
who received an URD-BMT in second remis
sion became long-term leukemia-free survi
vors in this study. Survival was higher in pa
tients with ALL presumably reflecting the 
inclusion of a high proportion of children. A 
report from the NMDP showed a 45% prob
ability of survival at 2 years in patients 
transplanted for ALL in second CR [3]. We 
and others have observed remarkably good 
results after URD-BMT for ALL in children 
[25,26,41,42]. In a previous report from our 
institution, leukemia free survival at 3 years 
was 47% in 15 children with ALL in first or 
second remission [42]. Another report from 
the UK in 50 children with ALL in second re
mission showed a 53% LFS at 2 years [26]. 
These data strongly support the considera
tion ofURD-BMT in children with poor-risk 
ALL in second remission when no HLA
compatible family donor is available. 

Patients in third or subsequent CR may 
also achieve sustained leukemia-free survi
val after URD-BMT. In our series, 5-year LFS 
in this group was 26%. In NMDP data the 2 
year LFS was 22% in ALL patients in CR3 [3]. 
Since patients with this disease stage are 
rarely curable with chemotherapy or autolo
gous marrow transplantation, URD-BMT is 
their best available treatment. The results of 
transplantation for patients in relapse with a 
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low percentage of blasts in the marrow 
(::530%) and no blasts in the blood were sim
ilar to those observed in patients in second 
or third CR. Therefore, attempts to obtain a 
CR in patients in this situation should be 
avoided if timely URD-BMT is feasible. Oth
er patients in relapse are not good candi
dates for transplantation from unrelated do
nors [3,24]. This conclusion is emphasized 
in the international guidelines regarding in
dications and practice ofURD-BMT [43-44]. 
New approaches to decrease leukemia recur
rence and procedure-related mortality are 
required in this group of patients. 

In contrast to previous studies [24,27], we 
did not identify age as an independent prog
nostic factor for URD-BMT. In our series, the 
more favorable outcome in younger patients 
resulted from a higher marrow cell dose, and 
this factor remained significant when chil
dren and adults were analyzed separately. 
No data regarding marrow cell dose were 
available in previous reports identifying age 
as prognostic variable in acute leukemia pa
tients receiving URD-BMT [24,27]. A high 
marrow cell dose was associated with faster 
and more robust engraftment and less se
vere acute GVHD. In patients transplanted 
during remission, these benefits resulted in 
decreased transplant-related mortality due 
to infections and an improved survival. A 
high marrow cell dose did not protect pa
tients transplanted during relapse from 
non-leukemic death. In this group non-leu
kemic death was usually due to causes other 
than infection. Patients transplanted in re
lapse who died from an infection were se-



verely neutropenic and febrile before start
ing the conditioning regimen. High marrow 
cell dose might not be effective in overcom
ing an infection ongoing before transplant. 

A higher cell dose was associated with a 
lower incidence of graft rejection and a 
higher speed of engraftment in related or 
unrelated donor marrow recipients [45-50]. 
Two studies have also found associations 
between a higher cell dose and improved 
survival after related donor transplant for 
acute leukemia [51,52]. An increased dose of 
CD34-positive cells was also associated with 
a decrease of transplant related mortality in 
a recent report of patients receiving T-cell 
depleted marrow [53]. In an International 
Bone Marrow Transplant Registry study, pa
tients receiving a higher cell dose had less 
severe GVHD [51]. This finding could be ex
plained by a decreased incidence of early 
posttransplant infections that might amplify 
GVHD. The same argument has been used to 
explain why a higher dose of spleen cells is 
associated with lower GVHD and mortality 
in class II major histocompatibility com
plex-incompatible murine transplants [54]. 

Our data support the hypothesis that im
proved leukemia-free survival could be 
achieved by increasing the number of stem 
cells in the graft. Conversely, a randomized 
study of GM-CSF administered early after 
transplant did not show a survival improve
ment [55]. Whether the use of other hemato
poietic growth factors could be beneficial 
remains to be explored. The number of har
vestable marrow cells is limited, as reflected 
by the fact that in our series the 4 X 108 cellsl 
kg requested from harvest centers was 
achieved only in 41 % of cases. Blood could 
be considered as an additional source of he
matopoietic stem cells. The yield of progeni
tors from peripheral blood can be greatly in
creased by the treatment of the donor with 
hematopoietic growth factors [56]. The use 
of growth factor-mobilized peripheral 
blood stem cells from HLA-identical sib
lings has been associated with rapid hemat
ological recovery after transplantation [57, 
59], and immune reconstitution might also 
be improved [60]. The published data indi
cate that there is no increase in the risk of 
acute GVHD in patients receiving mobilized 
peripheral blood stem cells from HLA-iden-

tical siblings [57-59,61]. In a report describ
ing 6 acute leukemia patients receiving pe
ripheral blood stem cells from unrelated do
nors, none developed moderate or severe 
acute GVHD [62]. These encouraging pre
liminary results will need confirmation in 
other studies. The much larger number of 
donor T -cells compared to marrow adminis
tered when mobilized peripheral blood is 
used for transplantation raises the concern 
that increased incidence of chronic GVHD 
could result [63]. 

The data reported here indicate that 
URD-BMT is a useful treatment for high
risk acute leukemia patients when trans
plantation is carried out during remission or 
during relapse with low proportion of blasts 
in the marrow and no blasts in the blood. Re
sults were especially remarkable in patients 
with Ph-positive ALL who received marrow 
from unrelated donors during remission. A 
higher marrow cell dose was strongly asso
ciated with improved outcome. This finding 
provides a rationale for testing the hypothe
sis that increasing the stem cell numbers by 
using mobilized peripheral blood progeni
tor cells from unrelated volunteer donors 
could improve survival by providing better 
reconstitution of hematopoietic and im
mune function. 
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Traditionally, hematopoietic support for 
high dose chemotherapy and radiation ther
apy has been harvested from bone marrow 
from either the posterior iliac crests, ster
num or tibia (in small children). With the 
clinical use of hematopoietic colony-stimu
lating factors, substantial increases in he
matopoietic progenitors and stem cells ca
pable of reestablishing hematopoiesis after 
myeloablative therapy can be obtained in 
peripheral circulation. By apheresis, these 
cells can be collected and use as a source of 
hematopoietic cellular reconstitution after 
autologous or allogeneic transplantation. 
Numerous studies have documented that 
autologous transplantation of peripheral 
blood progenitors results in rapid hemato
poietic recovery leading to an almost prefe
rential consideration of peripheral blood 
progenitor cells over bone marrow as a 
source of hematopoietic cells for autologous 
and allogeneic transplantation. 

These hematopoietic stem cells are undif
ferentiated cells expressing a phenotype of 
CD34+, thy-110' CD38- and not expressing 
mature lineage related antigens are capable 
of reconstituting myeloid and lymphoid cell 
lineages after transplantation [1]. Cells with 
the phenotype and function of stem cells are 
present in peripheral blood as summarized 
in Table 1. While there are no definitive as
says for human stem cells, primitive progen
itors derived from peripheral blood have the 

biologic effect of initiating growth of long 
term hematopoietic cultures and engraft in 
immunodeficient mice [2]. In vivo, blood de
rived hematopoietic cells can reconstitute 
hematopoiesis in animals and humans [3-8]. 
Complete myeloid and lymphoid chimerism 
after allogeneic peripheral blood progenitor 
cell transplants has been documented [9-
11]. Thus, all the cells necessary for engraft
ment and durable reconstitution ofhemato
poiesis and immunity can be collected from 
peripheral blood. 

While the initial successful use of periph
eral blood progenitor cell transplants was in 
CML patients [12], subsequently, peripheral 
blood progenitors cell transplants were ap
plied to patients with lymphoma [13], par
ticularly in patients in whom marrow har
vest was not possible because of prior radio
therapy or involvement by malignant cells 
[6,14-16]. Patients with acute leukemia have 
had cells collected during recovery from 
chemotherapy used for transplantation [17, 
18]. 

Hematopoietic progenitors are present in 
low frequency in the peripheral blood of 
normal individuals [19]. Systemic treatment 
with G-CSF increases circulating multipo
tent progenitors, exceeding pretreatment 
levels by approximately 10-fold [20]. Combi
nations of colony stimulating factors, such 
as interleukin-3, stem cell factor (kit ligand), 
flt-3 ligand, thrombopoietin, and GM-CSF 

University of Texas MD Anderson Cancer Center, Division of Medicine, Department of Hematology, Section 
of Blood and Marrow Transplantation, Houston, TX 77030 USA 

1125 



or G-CSF may have synergistic effects in 
blood progenitor mobilisation [21-24]. Cir
culating progenitors increase markedly dur
ing the recovery phase after cyclophospha
mide chemotherapy [25]. This mobilization 
is further increased by treatment with either 
G-CSF [26] or GM-CSF [27,28]. Ideally, the 
mobilizing chemotherapy for autologous 
transplantation would employ agents active 
and indicated for treatment of the patients 
malignancy. The peripheral blood progeni
tor cell collection would then be integrated 
into the planned chemotherapy treatment. 
Allogeneic transplantation donors obvious
ly cannot utilize chemotherapy and has gen
erally utilized G-CSF alone [9-11]. 

Typically mobilized peripheral blood har
vests have greater than 1 x 1010 mononuclear 
cells collected yielding a patient cell dose of 
3-5 x 108 mononuclear cells/kg. The stem 
cells necessary for reconstitution of hemato
poiesis are present within the CD34+/CD38/ 
thy-1 lo subpopulation [29]. Most centers use 
the number of CD34-positive cells as an in
dicator of repopulating stem cell content 
[30-32]. There are two major conclusions 
which can be drawn from studies of cell 
dose. There is a threshold dose of progeni
tors (approximately 2-4 x 106 CD34+ 
cells/kg) to achieve reliable engraftment. 
Unfortunately even with large collection of 
stem cells, there does not appear anyway to 
avoid an obligate period of profound pancy
topenia lasting approximately 8 days before 
hematopoietic recovery begins to occur. 
This probably reflects the time necessary for 
differentiation and maturation to occur. 

Whether peripheral blood progenitor 
cells for transplantation has advantageous 
relative to bone marrow remains controver
sial. With optimal mobilization, one can col
lect a larger number of CD34+ cells from the 
blood. There is also a larger number oflym
phocytes in PBPC collections which could 
have importance in immune recovery and 
immunologic antitumor effects [33]. It is 
feasible to use PBPC if the marrow is in
volved with tumor cells, although tumor 
cells usually circulate in higher frequency in 
these patients, and may contaminate PBPC 
as well as marrow collections. 

The more rapid recovery of hematopoie
sis after transplantation of mobilized pe-
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ripheral blood progenitor cells compared to 
bone marrow has been often documented 
[20,34-37]. It is not clear whether the more 
rapid hematologic recovery is due to qual
itative differences between blood and mar
row progenitors, the larger number of pro
genitors normally collected, or the priming 
effects of the mobilizing growth factor ther
apy. It is also unclear whether similar prim
ing/mobilizing therapy would also increase 
bone marrow progenitors for collection. 

There are disadvantages for using periph
eral blood progenitors for transplantation. 
Occasional patients will not mobilize well, 
particularly those who are heavily pretreat
ed with myelotoxic therapy. There is need for 
vascular access; subclavian central venous 
catheters are required for patients without 
large veins. Mobilizing regimens are highly 
myelosuppressive and have their own risks, 
cost and toxicity. Purging procedures, if per
formed, become costly and logistically diffi
cult when applied to the to the log greater 
number of cells collected in after pheresis, 
particularly if multiple collections are re
quired. 

Early literature indicated peripheral 
blood progenitor cells had less tumor con
tamination. Because of the higher cell con
tent in peripheral blood progenitor cell col
lection, it is more difficult to quantify the 
number of clonogenic cells in peripheral 
blood progenitor cell collections compared 
to marrow, but it is clear that malignant cells 
can be found in each source [38-41]. Wheth
er the mobilization procedures involving he
matopoietic growth factors utilized to in
crease the level of circulating normal pro
genitors also increases malignant cell con
tamination remains controversial. On the 
other hand, chronic myelogenous leukemia 
patients recovering from intensive chemo
therapy preferentially mobilize nonmalig
nant diploid cells early in the course of re
covery [ 40 ]. 

The use of mobilized peripheral blood 
progenitors has led to several improvements 
in the clinical use of autologous transplanta
tion. The more rapid hematopoietic recov
ery results in shorter lengths of stay and few
er days at risk for infection, resulting in a re
duction in the overall morbidity and cost of 
the procedure [36]. Depending on the pa-



tient population, mobilizing regimen, com
plications and the number of apheresis col
lections required, PBSC transplants can be 
more or less cost effective than bone mar
row. Relative cost effectiveness depends on 
the costs of the mobilization process, the 
chemotherapy and growth factor regimen as 
well as management of complications must 
be considered. If a single apheresis is re
quired for cell collection, this is less costly 
than bone marrow harvest which requires 
general anesthesia and use of operating 
room facilities. This may not be the case if 
multiple apheresis and cell storage proce
dures are required. In nearly every study, re
covery post transplant is comparable or 
more rapid with peripheral blood progeni
tors [35-37]. This has allowed development 
of outpatient transplant programs in which 
patients are discharged promptly after high 
dose therapy, knowing that hematopoietic 
recovery will be prompt and there will only 
be a brief period at risk for infectious com
plications [42]. 

Allogeneic peripheral blood progenitor 
cell collection yields a 10 fold higher dose of 
T-Iymphocytes in PBPC collections than in a 
typical bone marrow harvest, leading to 
concern that these transplants could pro
duce more severe GVHD. On the other hand, 
this larger t-Iymphocyte dose from an allog
eneic donor could favorably affect immune 
reconstitution and the graft-versus malig
nancy effect. T-cell depleted transplants 
have been associated with a higher relapse 
rate similar to that observed in syngeneic 
transplant recipients. Donor t-Iymphocyte 
infusions have been used to rescue grafts af
ter relapse following allogeneic bone mar
row transplants in CML patients These re
sponses have also been noted in AML,CLL 
and myeloma patients. Initial clinical data 
with allogeneic peripheral blood progenitor 
cell transplants has indicated favorable re
sults with rapid engraftment with no in
crease in the rate of acute GVHD [8,11,43], 
but some studies indicate a higher rate of 
chronic GVHD as was documented a decade 
ago in aplastic anemia patients receiving 
buffy coat infusions after bone marrow 
transplants [44]. Recently fludarabine 
chemotherapy has been shown to allow en
graftment of allogeneic peripheral blood 

progenitor cell transplants and donor lym
phocyte infusions [45-46]. This strategy of 
achieving initial partial engraftment with 
peripheral blood progenitor cell infusions 
followed by boosts of t-Iymphocyte or of 
lymphocyte subsets are being explored by 
our group and other groups. 

A number of important issues remain. 
How can the number of stem cells in mobi
lized peripheral blood progenitor cells be 
determined and what dose is required for 
transplantation. Do blood derived progeni
tor cells really have an advantage compared 
to marrow or would chemotherapy and 
growth factor stimulation primed marrow 
cells to respond in a similar fashion? An even 
greater issue is the clinical value and cost ef
fectiveness of dose intensive therapies re
quiring cellular support for the treatment of 
hematologic malignancies and solid tu
mors. This is an area in which misuse or pre
mature translation of technology to com
munity centers is a major concern. The role 
of high dose chemotherapy and bone mar
row or PBSC transplantation is still debated 
vs. standard chemotherapy for many indica
tions. Use of mobilized peripheral blood 
progenitor cell transplants to support stan
dard dose chemotherapy or only modest 
dose escalation is unlikely to be beneficial 
and will add considerable expense. Patients 
receiving high dose therapies should enter 
into clinical trials designed to evaluate their 
therapeutic role or into studies designed to 
further advance development of this tech
nology. 
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Abstract. Concerns in donor safety and the 
unknown incidence of acute and chronic 
GVHD caused by the large amount of T -cells 
have hampered the clinical introduction of 
allogeneic peripheral blood stem cell trans
plantation(allo-PBSCT) from unrelated do
nors. We performed allo-PBSCT from 
matched unrelated donors in 6 patients (1 
AML 2. PR,4 CML l. CP, 1 PNH). For ex-vivo 
T-cell depletion we performed immunom
agnetic CD34-positive selection on the 
pheresis products to reach a target of less 
than 2 X 105 CD3 positive NC/kg. The me
dian content of CD34 positive NC in the 
post-selection product was 4.6X 106/kg(r = 
2.2-7.0). Enriched PBPC were cryopreserved 
and transfused 2 days after conditioning 
with Busulfan (16 mg/kg), Cyclophospha
mide (200 mg/kg) and 2.5 mg/kg ATG i.v. 
from day -5 to -2. Further GVHD-prophylax
is was performed with CSA (5 mg/kg i.v./d) 
and short-course MTX. Five patients en
grafted promptly (median days to > 500 
PNC/fll,> 50 000 platelets/fll day + 17, +25 re
spectively). In one case with a HLA DP mis
match the patient experienced primary 
graft-failure and had to be reinfused with 
autologous bone marrow. Until now, no pa
tient has developed acute GvHD > grade 1. 
By the time of writing, 4 patients are alive 
(day 265, 201, 77, 36). One patient died of 
CMV pneumonia on day 134. The patient 
with AML relapsed on day 245 whereas the 
other patients with allogeneic engraftment 

are disease-free. These first results suggest 
the feasibility of allogeneic PBSCT from un
related donors. The role of T-cell depletion 
in this setting is not clear. Whether the high
er number of transplanted progenitors can 
compensate for the draw-backs of T-cell re
duction has to be investigated. 

Introduction 

Mobilised peripheral blood progenitors 
(PBSC) from allogeneic HLA-matched do
nors have become an alternative source of 
hematopoetic stem cells. As seen in the au
tologous setting, PBSC lead to a faster en
graftment compared to bone marrow [1]. In 
the series published so far, no difference in 
terms of acute and chronic GvHD have been 
registered [2]. 

Ethical considerations and concerns in 
the safety of the growths factors used for 
mobilisation have limited the use of alloge
neic PBSC to sibling transplants. Another 
risk, yet undefined for unrelated PBSCT, is 
the large amount of donor T -cells contained 
in the pheresis product. To reduce the risk of 
clinical significant acute GvHD and early 
morbidity, we performed a trial using CD 34 
positive selected PBSC from unrelated do
nors for allogeneic transplantation. With 
the large amount of transplantable progeni
tors we hope to avoid the risk of graft-fail
ure known after allogeneic transplantation 

Med. Klinik 11, Klinik fUr Transfusionsmedizin2,Universitatsklinikum Carl Gustav Carus, FetscherstraBe 74, 
01307 Dresden, Klinik fUr Knochenmarktransplantation, DKD Wiesbaden3, Germany 
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of T-cell depleted bone marrow. CD 34 posi
tive selection allows to conserve the nega
tive fraction with a content of 20-40% T
cells. 

Material and Methods 

After giving informed consent, healthy HLA 
class I serological and class II genotypically 
matched donors were stimulated with 10 
flg/kg subcutaneous G-CSF for S consecutive 
days. During mobilisation hematological 
parameters were monitored intensively as 
well as side effects of the growth factor ad
ministration. On day Sand 6 after the start of 
the G-CSF application 2 large-volume leuka
phereses were performed using peripheral 
venous access. 3 times total blood volume 
were processed each day. If the platelet count 
before the second apheresis was below 
100000/ fll, autologous platelets were re
transfused to avoid clinically significant 
thrombocytopenia. 

From the two collection days 7-8 X 1010 

nucleated cells were pooled for CD34 posi
tive enrichment. The residual cells were 
cryoconserved as back-up. CD34 positive 
selection was performed with the Isolex 300 
SA device (Baxter Healthcare, Irvine, USA). 
Cell washes, antibody labeling and separa
tion were performed according to the man
ufacturers guidelines. In brief, the pheresis 
product underwent 2 low-spin centrifuga
tions to reduce the number of platelets. Af
ter resuspension, cells were incubated with 
a monoclonal mouse anti-human CD34 
antibody for IS min at room temperature. 
Prior to antibody incubation polyvalent IgG 
was added to block unspecific binding. Af
ter incubation the lableled cells were mixed 
with sheep-anti mouse antibodies conjugat
ed with dynabeads and magnetic separa
tion followed in a semi-automated fashion. 
After depletion of the CD34 -negative frac
tion the beads were detached by adding a re
lease peptide supplied by Baxter. The posi
tive fraction was washed twice in PBS/S% 
ACD-A/2% albumin. Cell counts, flow cy
tometry, viability testing and colony assays 
were performed with the cells from both 
positive and negative fraction. The positive 
fraction was cryoconserved in a volume of 

20 ml using donor plasma as freezing solu
tion. 

All patients at our institution underwent 
the same conditioning protocol: After place
ment of a central venous-line, patients re
ceived 16 mg/kg Busulfan divided in 16 oral 
doses on 4 days (day-9 to -6). On day-S to -2, 
SO mg/kg Cyclophosphamide were infused 
giving a total dose of 200 mg/kg. Also on 
days -S to -2 Anti-Thymocyte Globulin 
(ATG, Merieux) was infused in a daily dose 
of 2.S mg/kg. Forced hydratation was started 
after admission and Mesna was infused dur
ing the days of cyclophosphamide adminis
tration. GvHD prophylaxis consisted of Cy
closporine A at a dose of 4 mg/kg starting 
one day before PBSCT and Methotrexate 10 
mg/m2 on day 1,3 and 6 with leukovorin res
cue on day 7 and 8. The cryopreserevd were 
thawed and infused directly 48 h after the 
end of the conditioning therapy. Patients 
were treated in single rooms with high effi
ciency air-particle elimination. Supportive 
care contained intravenous piperacillin, 
acyclovir and fluconacole as well as platelet 
substitution as soon as less then 20 OOO/fli 
platelets were measured in the morning. 
Packed red blood cells were transfused when 
hemoglobin levels fell under 8 g/dl. All pa
tients received 10000 IE Heparin/ day as pro
phylaxis against veno-occlusive liver dis
ease. 

Results 

The results of the purification procedures 
and the clinical course of the first 6 patients 
are summarized in Table 1. 

Purity, Yield and T-Cell Content after (034 Positive 
Selection 

The median purity of the CD34 positive 
fractions was 88% with a range from 64 to 
96%. A median of SS%( r = 38-100) of the 
starting amount of CD34 positive NC could 
be recovered in the positive fraction. The 
transplanted dose of CD34 positive progeni
tors varied from 2.2 to 7.0 X 106/kg (median: 
4.6). The yielded NC showed a median vital
ity of 98% (r = 97-100%). The enrichment 
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Table 1. Results of purification and clinical course in patients 

Patient Disease CD34. CD3. First day 
-ID -status pos. pos. > 500 

NC/kg NC/kg PMN/fll 

01 AML2.PR 2.2 1.7 22 

02 CML blast 4.2 1.5 18 
crisis 

03 CML 1.CP 7.0 1.8 15 

04 CML 1.CP 4.8 0.4 16 

05 CML 1.CP 3.8 1.2 Graft failure 

06 PNH, 4.0 1.8 17 
Aplasia 

described above lead to a effective passive T
cell reduction. The unmanipulated pheresis 
products contained a median of 3.1 X 108 

CD3 positive T cells/kg. A median 3.2log (r = 
2.9-3.4) T cell reduction following positive 
selction resulted in the transfusion of 1.6 X 
105/ kg CD3 positive NC. Analysis of CD34 
positive subpopulations revealed 2- 6.7% 
CD34+/38-, 0.8-2% CD34+/DR- and 1% 
CD34+/Thy 1 +(dim) NC. 

The median duration of each procedure 
was 6.25 h excluding cryopreservation. 

Clinical Results 

All patients transplanted at our institution 
so far, are summarized in Table 1. 

The median time of neutrophil recovery 
(> 500 PMNC/Ill) was 17 days (r = 14-22). 
Platelets regenerated early (> 50 ODD/Ill day 
25, r = 23-29), compared to BMT from unre
lated donors. Only mild (Grade I) GvHD was 
seen in 3 patients. One patient with a minor 
mismatch did not engraft. Possibly a high 
dose cotrimoxacol treatment of pneumonia 
influenced the clinical course negatively in 
this patient, since a sufficient number of 
CD34+ NC had been transfused. Autologous 
bone marrow could be infused as rescue. 
Donor chimerism is documented in one pa
tient 300 days after being transplanted in ac
celerated phase of CML. This patient is free 
of disease, even when tested by PCR for the 
bcr-abl rearrangement. The patient with re-

ll32 

First day Grade of Actual status 
> 50 000 acute 

platelets/fll GvHD 

29 0 Relapse d 245 

26 I (Skin) Alive d 300 BM, 
BM Ph neg., PCR neg. 

24 I (Liver) Died d 120 CMV pneumonia 

23 I (Skin) Alive PCR neg d 156 

0 Alive after auto!' Rescue 

25 0 Alived45 

lapsed AML suffered from a second relapse 
on day 245 after transplantation. Unfortu
nately, one patient was lost after day 100 due 
to CMV pneumonia. 

Discussion 

Graft engineering has emerged rapidly dur
ing the last years of blood stem transplanta
tion. Since recipients ofT-cell depleted bone 
marrow have experienced graft-failure in a 
considerable number of cases, this method 
has not become a routine approach [3]. On 
the other hand, the higher rate of relapse af
ter T-cell depletion has discouraged most 
clinicians, who participated in those early 
trials. One report has shown a fixed number 
of T-cells to be one way to avoid the men
tioned problems [4]. Even though these re
sults are encouraging, the time to engraft
ment might be accelerated significantly by 
the use of G-CSF mobilised peripheral blood 
stem cells [5]. The addition of mobilised pe
ripheral blood stem cells as graft facilitating 
cells enabled Aversa et al. to establish stable 
engraftment in recipients of haploidentical 
grafts [6]. We believe that allogeneic recip
ients of MUD (matched unrelated donor) 
transplants might experience a reduction of 
early mortality by the use of peripheral 
blood stem cells. 

The large amount of T cells in the pheresis 
products is supposed to result in a higher in
cidence of acute GvHD [7,8]. Strikingly, the 



first clinical series of allo PBSCT from 
matched sibling donors have shown no sig
nificant incresae in the incidence of GvHD, 
compared to historical controls, transplant
ed with unmanipulated bone marrow [9]. 

The first results of our pilot study, even 
though not being conclusive, show the fea
sibility of the approach. The time to engraft
ment was short, and thrombopoesis recov
ered fast. Almost no GvHD was seen, which 
is unsusal after unrelated BMT. With this ab
brogation of GvHD, one might try to further 
accelerate engraftment by omitting methot
rexate. 

The large amount of CD3 positive cells 
can be stored and might be a source for 
adoptive immunotherapy in case of CMV in
fection or relapse. If the reinfusion of T -cells 
at a special time point might be crucial, can 
not be said at the moment. Another, yet not 
answered question is the role of other acces
sory cells contained in the apheresis bag in 
terms of durable engraftment, immunologic 
recovery, graft-versus leukemia effects and 
even graft- versus host disease. 

Nevertheless, we believe that large-scale 
graft-engineering of PBSC can broaden the 
range of effective prophylaxis strategies 
against GvHD and avoid the negative as
pects of T-cell depletion by using larger 
number of progenitors. Additionally, it 
might enable physicians to introduce the re
sults of basic science into clincial routine. 
The use of allogeneic PBSC, being discussed 
controversially at the moment, has to be 
studied more extensively in the unrelated 
setting to get the answers to these questions. 
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Abstract. The success of autologous periph
eral blood progenitor cell (PBPC) trans
plantation is challenged by relapse of ma
lignant disease which might - at least in 
part - be mediated by graft contaminating 
tumor cells. Although the clinical role of tu
mor cell depletion still remains to be dem
onstrated in prospective, randomized 
trials, multiple purging strategies are cur
rently pursued in the context of autologous 
stem cell transplantation. This report is dis
cussing ex vivo manipulations of PBPC 
transplants with respect to purging of tu
mor cells, including the positive selection 
of CD34+ cells with or without negative de
pletion as well as ex vivo expansion tech
niques. In addition, adoptive immunother
apy strategies using ex vivo generated au
tologous dendritic cells for the treatment of 
minimal residual disease after stem cell 
transplantation will be discussed. 

Introduction 

Gene marking studies and retrospective 
clinical trials have demonstrated that con
taminating tumor cells can contribute to 
disease recurrence after high-dose chemo
therapy and autologous stem cell transplan
tation [1-4]. Up to now, however, there are 
no randomized clinical trials available 
which indicate a clinical benefit of any purg
ing strategy. Therefore, purging of tumor 

cells still remains an experimental approach 
which requires further investigation. 

Unfortunately, currently performed purg
ing strategies (e.g. immunomagnetic bead 
separation, 4-HC, or monoclonal antibodies 
and complement) are unsatisfactory and 
only result in a tumor cell reduction of only 
about 2-4 log, which may not be relevant 
clinically. Moreover, purging is particularly 
difficult in lympho-hematopoietic malig
nancies, e.g. acute or chronic myelogenous 
leukemia, since normal stem cells are cur
rently phenotypically unseparable from 
their malignant counterpart. Therefore, it 
appears almost impossible to selectively de
plete malignant lympho-hematopoietic cells 
with immunological strategies on the basis 
of identified surface antigens. It appears 
more promising to separate normal and ma
lignant hematopoietic stem cells based on 
functional differences, e.g. treatment with 5-
FU [5] or vitamin D analogs [6,7]. Alterna
tively, efforts are currently performed to 
identify new antigens which are exclusively 
expressed either on normal stem cells or on 
leukemic cells, such as the HER-2 receptor 
tyrosine kinase [8]. 

Positive Selection of (D34+ PBP( 

Contaminating tumor cells can be detected 
in both, autologous bone marrow and pe
ripheral blood stem cell transplants by PCR 
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or immunocytochemistry, particularly in 
patients with follicular lymphoma, multiple 
myeloma, acute leukemia, neuroblastoma, as 
well as breast and small cell lung carcinoma 
[9,10]. In addition, we have shown that epi
thelial tumor cells can be mobilized con
comitantlyto normal CD34+ progenitor cells 
upon chemotherapy plus growth factor in
duced mobilization of PBPC [11]. This ob
servation has been recently confirmed by 
several investigators in other malignancies, 
including Non-Hodgkins lymphoma and 
multiple myeloma [12, 13]. The simultane
ous mobilization of normal progenitor cells 
and tumor cells - at the time where PBPC are 
usually harvested by leukapheresis - clearly 
indicates the requirement for purging in or
der to provide a tumor cell free stem cell 
product. 

One approach to separate normal progen
itor cells from contaminating tumor cells 
constitutes in the positive selection of 
CD34+ cells. This method, however, can only 
be applied in CD34-negative malignancies, 
like solid tumors, but not in patients with 
acute leukemia. In addition, it is not clear 
whether this technique might be helpful in 
lymphoid malignancies, e.g. follicular lym
phoma or multiple myeloma, since the ori
gin of the lymphoma or myeloma stem cell 
has not yet been definitively identified. Nev
ertheless, several studies are currently 
underway in which the efficacy of a CD34 
cell selection in terms of tumor cell purging 
will be evaluated. 

The efficacy of the avidin-biotin immu
no affinity column (Ceprate SC, CellPro, Bo
thell, WA, USA) separation of CD34 cells 
with respect to tumor cell purging is sum
marized in Table 1. The reduction of tumor 
cells using this method is in the range of 2 to 
4 log, however, there are specimens which 
still contain tumor cells. For instance, in a 
myeloma study, only 62% of the prepara
tions were purged below the level of detec
tion whereas 38% of them were still PCR 
positive (Table 1). Similar results have been 
observed in breast cancer as well as in follic
ular lymphomas. Based on these studies, it is 
evident that CD34 cell selection alone with 
only a 2-4 log depletion of tumor cells is not 
sufficient for purging in most of these malig
nancies. Therefore, better selection strate-

Table 1. Purging of tumor cells upon positive selec-
tion of CD34+ cells 

Disease Depletion Preparations 
(log) < detection 

level 

Shpall 
1994 Breast 1->4 38-100% 
Schiller 
1995 Myeloma 2.7-4.5 62% 
Lemoli 
1996 Myeloma 2.5-3 n.d. 
Gorin 
1995 NHL n.d. 89% 

gies or a combined, positive/negative strate
gy need to be developed in order to improve 
current purging results. 

Negative Tumor (ell Depletion 

One approach in this context is a negative 
depletion strategy which can be ideally per
formed after positive selection of CD34+ 
cells [17,18]. We have recently investigated a 
double purging strategy in collaboration 
with CellPro in five patients with stage IV 
breast cancer. The patients had advanced 
metastatic disease with immunocytochemi
cal marrow involvement. Before CD34 cell 
selection, all unmanipulated PBPC prepara
tions had evidence of micro metastatic dis
ease. After CD34 cell selection (Ceprate SC 
system), the cells were labelled with a cock
tail of anti-breast cancer monoclonal anti
bodies and then passed again over a second 
avidin-biotin immunoaffinity column. The 
overall cumulative depletion of tumor cells 
was about Slogs, and the percentage of CD34 
cells was 80-85% with a yield of approxi
mately 50%. However, not all preparations 
were purged below the level of detection, in
dicating that even this combined strategy 
may not be sufficient to achieve a tumor cell 
reduction of at least 6-7 log. 

Ex Vivo Expansion of (034+ PBP( 

Another strategy for purging is the reduc
tion of the blood volume to be processed for 
PBPC harvest, followed by ex vivo expan-

1135 



sion of positively selected CD34+ cells in or
der to generate enough numbers of progen
itor and stem cells for transplantation. This 
method requires only a small volume of the 
patient's blood for peripheral blood pro
genitor cell collection and thus may help to 
reduce the overall tumor cell load in the fi
nal autograft. Thus, only a blood sample of 
approximately 100-200 ml at the optimal 
time point of progenitor cell release would 
be required, processed and expanded ex 
vivo in the presence of appropriate hemato
poietic growth factors. This method would 
thus obviate the need for leukaphereses 
processing 10-30 litres of blood for PBPC 
collection. By reducing the volume of blood 
to be processed, this strategy would result in 
a 1-2 log reduction of tumor cells (com
pared to a 10-20 litre apheresis) in the start
ing population of CD34+ PBPC prior to ex 
vivo expansion. 

Recently, we have shown that committed 
progenitor cells can be generated ex vivo in a 
stroma-free liquid culture system supple
mented with various cytokines including 
stem cell factor (SCF), IL-1, IL-3, IL-6, and 
Epo [19]. Similar observations have been ob
served with slightly different cytokine com· 
binations by other investigators as well 
[21-23].Although we observed a high rate of 
progenitor call expansion, the number of 
long-term culture initiating cells (LTC-IC) 
under these culture conditions were not in
creased, but maintained [20]. 

On this background, we performed a 
clinical trial in 10 patients with advanced 
solid tumors undergoing high-dose chemo
therapy and PBPC-transplantation [24]. 
The stem call grafts in these patients were 
generated ex vivo from only 10-lS x 106 

positively selected CD34+ cells, a number of 
CD34+ cells which corresponds to only 10% 
of the CD34+ cells present in a "standard" 6 
liter apheresis at our institution. This num
ber of CD34+ cells contained 1.2-1.S x 103 
LTC-ICs/kg, and about 3 x 103 CFU-GM/kg. 
After expansion, the numbers of LTC-IC 
were in the same range, i.e. about 1.S x 
103/kg, while the numbers of CFU-GM in
creased SO-SS fold. After transplantation of 
these ex vivo generated cells, rapid recon
stitution of both neutrophils and platelets 
was observed after a high-dose, non-myel-
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oablative preparative regimen consisting of 
VP16, ifosfamide, carboplatin, and epirubi
cin (VIC-E). Since endogenous reconstitu
tion was likely to occur after this regimen, 
this study did not provide an answer with 
respect to long-term capabilities of ex vivo 
generated PBPCs [24, 2S]. Nevertheless, this 
study was the first proof of principle show
ing that ex vivo generated hematopoietic 
progenitor cells could successfully be used 
in a clinical setting after high-dose chemo
therapy. 

The most important question in the con
text of the clinical use of ex vivo expansion is 
whether primitive stem cells can also be ex
panded. There is evidence that the number 
of LTC-IC can indeed be expanded about 
10-S0 fold in the presence of FLT-3 ligand 
[26] Ziegler et al.,own unpublished observa
tion), however, no studies in humans with 
respect to the functional capabilities of ex 
vivo generated cells in the long-term have 
been reported. In animal models, the func
tional capacity of ex vivo generated stem 
and progenitor cells has been investigated, 
and several studies have shown that long
term hematopoiesis may be impaired, par
ticularly when cytokine combinations in
cluding IL-1 and IL-3 were used [27-29]. On 
the other hand, there are reports which do 
not show functional deficits of ex vivo gen
erated progenitor and stem cells with re
spect to long-term maintenance of hemato
poiesis after TEl -containing preparative 
regimens [28,30,31]. 

There are several other critical issues con
cerning the clinical application of ex vivo ex
panded progenitor cells. Among them, one 
of the most relevant questions is whether 
this technique can also be applied in "poor 
mobilizers", and thus might be helpful in the 
accrual of heavily pretreated patients which 
otherwise would not be candidates for high
dose chemotherapy trials. Based on our own 
results, however, it is not possible to expand 
CD34+ cells collected from heavily pretreat
ed patients (unpublished observation). The 
CD34+ cells from these patients have a se
verely impaired functional capacity and 
therefore, "poor mobilizers" cannot be con
sidered as good candidates for successful ex 
vivo expansion strategies. 
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Concomitant Expansion of Contaminating 
Tumor Cells? 

The concept of ex vivo expansion will only 
be advantageous for the patient if contami
nating tumor cells are not expanded con
comitantly during cytokine-supported ex 
vivo expansion cultures. We addressed this 
question in stage III and stage IV primary 
breast cancer patients after 2 cycles of induc
tion chemotherapy [32] . In this study, we an
alyzed un manipulated PBPC together with 
CD34+ selected cells and ex vivo expanded 
cells for the presence of contaminating epi
thelial tumor cells. We found that unmanip
ulated PBPC contained tumor cells in 3/24 
preparations, while no tumor cells could be 
detected in CD34-selected preparations or 
ex vivo expanded cell preparations from 
these patients at a sensitivity of 1:4 x lOeS. 
Therefore, to principally answer the ques
tion whether contaminating tumor cells 
might be expanded concomitantly to nor
mal CD34+ cells, we cocultured defined 
numbers of solid tumor cell lines with 
CD34 + cells from normal donors in a serum
free liquid culture system (Fig. 1). We found 
that the tumor cell lines did not expand sig
nificantly in number when compared to the 
normal CD34+ cells, suggesting that cyto
kine-supported expansion of CD34+ PBPC 
can confer a proliferative advantage of he
matopoietic calls without an apparent risk 
of cocomitantly expanding residual epithe-

10 100 1.000 

Fold Expansion (Day 14) 

lial tumor cells [32,33]. However, none of the 
culture manipulations performed here re
sulted in a complete loss of tumor cells. Sim
ilar observations have now been seen in ex 
vivo expansion cultures with normal CD34+ 
cells and primary follicular lymphoma cells 
(B. Meister, own unpublished observation). 

Differential Expansion of CD34+ Progenitor 
Cells for the Generation of Immune Effector 
Cells (Dendritic Cells) 

Treatment of minimal residual disease after 
high-dose chemotherapy is one of the most 
important clinical issues in autologous stem 
cell transplantation. Since dendritic cells 
(DC) can be generated ex vivo from PB or 
BM CD34+ cells under appropriate condi
tions [34-36], it might be possible to use tu
mor-antigen transfected or peptide pulsed 
DC for adoptive immunotherapy approach
es after high-dose chemotherapy. 

We and others have recently shown that 
FLT-3 ligand is one of the most important 
components for the generation of DC ex vivo 
[37, 38]. Over a 21-day culture period, we 
were able to expand the number of 
CD 1 a/CD86-positive DC approximately 
20-40-fold [38]. Moreover, these cells were 
functionally fully active, as demonstrated in 
a MLR reaction as well as in the presentation 
of soluble proteins to autologous T -cells (e.g. 
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tetanus toxoid}. In addition, these cells have 
been shown to be approximately 10-20 fold 
more active in antigen presentation com
pared to normal peripheral blood mononu
clear cells [35). Hopefully, these cells hold 
promise in the near future when used clini
cally for the treatment of minimal residual 
disease after autologous stem cell transplan
tation. 
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Abstract. EUROCORD registry has collected 
more than 140 cases of cord blood trans
plant. Among the first 85 patients, 53 were 
transplanted for an hematologic malignan
cy including 36 acute leukemia, 21 in 1 st and 
2nd CR and 15 in > than CR2 or resistant re
lapse, 5 chronic myeloid leukemia in CP1, 1 
in CP2, 1 in CP3 and 1 in BC, 5 myelodysplas
tic syndrome (1 transformed in AL), 2 non 
Hodgkin lymphoma and 2 neuroblastoma. 
The 1 year survival was 43% with a median 
follow-up time of 250 days; in related trans
plants, it was 48% and in unrelated 41 % with 
a shorter follow-up. Good survival was asso
ciated with age < 6 years p = 0.08, weight 
< 20 kg P = 0.03, negative CMV serology p = 
0.009, HLA identity p = 0.026, sex identity 
p = 0.08, number of nucleated cells infused 
> 3.7X 107/kg P = 0.009 and standard risk 
leukemia. Patients transplanted for leuke
mia in CR1 and CR2 had a survival of 56% 
while patients transplanted in later phase 
had 8% survival. 82% of the patients reached 
> 500 PMN at day 45, 7 patients died earlier. 
Engraftment was associated with the num
ber of cells infused, age and weight. GVH 
grade II-IV was observed in 52.5% of the 
cases, it was usually mild. Leukemic relapse 
was observed in 11 cases, 3 AML, 5 ALL, 2 
MDS, and 1 CML. 8 patients transplanted in 
advanced disease relapsed early, 3 patients 
relapsed later and are still alive either after 
donor lymphocyte transfusions or a second 
BMT. The primary causes of death were re-
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jection, leukemic relapse, or transplant re
lated toxicity. This study shows that related 
and unrelated match or mismatched cord 
blood transplant is a good source of he rna to
poietic stem cells in patients with hemato
logical malignancies. 

Introduction 

Allogeneic hematopoietic stem cell trans
plantation (HSCT) has been used to treat 
thousands of patients, adults and children, 
with life-threatening hematological diseas
es. The principal limitations of allogeneic 
bone marrow transplantation are, for the 
majority of the patients, the lack of suitable 
HLA-matched donors and the complica
tions of graft versus host disease associated 
with HLA disparities. In the absence of a 
suitable HLA identical sibling donor, alter
native donors such as mismatched related or 
matched unrelated donors are searched. In 
these transplants, major and minor histo
compatibility differences are often unrecog
nized by current matching tests, explaining 
the relatively high frequency of post trans
plant complications, graft failure, graft ver
sus host disease and delayed immune recon
stitution. In the absence of a perfectly 
matched donor, several means of circum
venting the HLA barrier have been investi
gated: the incidence and severity of graft 
versus host disease (GVHD) can be reduced 



by T cell depletion or CD34+ cell selection; 
rejection can be avoided by increasing the 
number of stem cells infused; growth-fac
tor-mobilized peripheral blood stem cells 
contain ten times more HSC than bone mar
row cells, thus improving the rate and speed 
of engraftment after autologous and alloge
neicHSCT. 

The lack of an HLA-identical sibling do
nor in 70% of the cases has been overcome 
through the establishment of large panels of 
potential marrow donors but these panels 
are restricted in term of HLA polymor
phism and of ethnic diversity. This is most 
marked in Europe where each nation has its 
own ethnic diversity. Limitation is also relat
ed to the fact that results of allogeneic bone 
marrow transplantation from normal bone 
marrow donors are dependent of HLA-A, -B, 
-C, -DRB1, -DQBl and -DPBl identity 
between donor and recipient. The descrip
tion of new more sensitive techniques of 
typing by molecular biology and sequencing 
and, the cloning of new minor histocompat
ibility antigens has decreased the probabil
ity of finding a fully matched donor. Func
tional tests MLC, CTLp and HTLp have given 
contradictory results and cannot be used 
routinely. Therefore, despite a bone marrow 
donor registry which contains more than 3.7 
millions bone marrow donors worldwide, 
some patients cannot be transplanted be
cause of the lack of an HLA identical donor. 
New approaches have been investigated in
cluding the use of HLA partially mis
matched T-depleted mobilized peripheral 
blood hematopoietic stem cells, or on the 
other hand, the use of umbilical cord blood 
hematopoietic stem cells. During develop
ment, the hematological and immunological 
system of the fetus and the new-born exhib
its different properties as compared to the 
adult system [1]. The expected advantages of 
umbilical cord hematopoietic stem cells are 
the enrichment of immature progenitors he
matopoietic stem cells which should facili
tate engraftment [2,3] and the immune im
maturity of the immune system at birth 
which should decrease the incidence and se
verity of graft versus host disease [4]. Cord 
blood stem cells have distinctive prolifera
tive advantages which include increased cell 
cycle rate, autocrine growth factors produc-

tion and increased telomere length [5,6,7]. 
The small number, and the relative imma
turity and enrichment in naive T cells of 
cord blood lymphocytes, should reduce the 
risk and severity of GVHD [8,9]. This fea
ture may permit a greater degree ofHLA dis
parity between donor and recipient than is 
usually accepted with adult blood or mar
row hematopoietic stem cell transplants. 

Since the first cord blood transplant per
formed in 1988 [10], cord blood transplanta
tion is increasingly used as a new source of 
hematopoietic stem cells and more than 200 
cases have been reported. In order to devel
op and evaluate cord blood transplant re
sults, the European Blood and Marrow 
Transplantation group (EBMT) has orga
nized a Concerted action the EUROCORD 
group. 

The objectives of EUROCORD are: 
1. to standardize the methods of collection, 

testing and cryopreservation of cord 
blood; 

2. to study the properties of haematopoietic 
progenitors and gene transfer in cord 
blood; 

3. to study the immune function of cord 
blood lymphocytes; 

4. to coordinate and facilitate the exchange 
of sera and cells from donor and recipients 
of cord blood transplants; 

5. to establish a European Registry of pa
tients treated by cord blood transplants 
and design protocols comparing cord 
blood transplants with alternative con
ventional blood and bone marrow hemat
opoietic stem cell transplants. 

Cord Blood Banking 

Cord blood banking for allogeneic unrelated 
and related transplants has several advan
tages including the availability of this source 
of stem cells, the low viral infection rate at 
birth, the speed of the search and the pos
sibility to collect cord blood in ethnic groups 
not represented in bone marrow donors reg
istries. There are potential problems related 
to the cost and several legal and ethical is
sues. 

In Europe, cord blood banking has been 
developed in several countries including 
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France, UK, Italy, Belgium, the Netherlands 
and Spain. Other local banks have been col
lecting cord blood mostly for related trans
plants. There is not in Europe, at this time, 
any reported private bank or bank which 
collects cord blood for autologous use. As of 
29 November 1996, BMDW (Bone Marrow 
Donor Worldwide. Edition 31) offers a total 
of 7592 cord blood typed, 2724 are provided 
by Europe and 4868 by the New York cord 
blood bank. 

Several meetings have been organized to 
address the issues of standardization of 
methods of quantification of hematopoietic 
stem cells, development of techniques for 
cell concentration and enrichment without 
substantial loss of hematopoietic progen
itors, detection of transmissible infectious 
and genetic diseases, detection of maternal 
cell contamination and, legal and ethical 
aspects of cord blood banking and trans
plant. 

Informed Consent 

The issue of informed consent has been dis
cussed as there is some variability in its pur
pose. It is generally agreed that cord and pla
cental blood is a discarded product and can 
be used without asking permission but, in
formed consent must be asked for doing 
tests on mother and cord blood. In some 
countries, mother's informed consent is 
asked after delivery and, if it is obtained, a 
full medical history is taken, blood sample is 
drawn from the mother to test for infectious 
disease markers. In other countries, infor
mation on cord blood donation for allogene
ic use is given long before delivery and the 
informed consent process engaged in ad
vance. This gives the opportunity of exclud
ing donors with high risk of transmitting 
any infectious or genetic disease through 
careful collection of the family and mother 
history. 

There has been some concerns about the 
process of information of the family on the 
results of infectious and genetic disease 
screening. Another issue is the follow-up of 
the donor and, in case of need, the possibility 
for the family to retrieve the autologous cord 
blood. 
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Collection 

Two techniques are used, one is to collect 
cord blood in the delivery room, while the 
placenta is still in utero, the other is to collect 
cord blood after delivery in an adjacent 
room[10, 11]. Both techniques have advan
tages and disadvantages. The first one 
should be made by an extra personnel usual
lya midwife in the delivery room. The ad
vantage is that the volume of cells collected 
is higher if the cord is clamped early and the 
collection begun immediately but this can 
disrupt the normal process of delivery and is 
not always feasible. The other technique is 
easier, it can be performed by dedicated per
sonnel, it might decrease the number of cells 
collected and perhaps increase the risk of 
bacterial contamination or clotting. 

Infectious Disease Screening 

Syphilis and viral tests including HIV, Hepa
titis Band C, CMV are performed on mother 
blood. In some countries, HTLV-l and toxo 
are also tested. Most of the time, virology 
tests are not performed directly on cord 
blood but a separate aliquot is kept to per
form these tests before transplant. Consider
able discussion has been engaged on the risk 
of collecting infected cord blood during the 
window period before seroconversion. 
When possible, cord blood is quarantined 
until a confirmatory test is performed on the 
mother 3 to 6 months after delivery. In the 
other cases, performance of very sensitive 
tests, including viral antigen or nucleic acid 
screening tests, before delivering the trans
plant, should considerably decrease the risk 
of viral transmission. The risk of transmit
ting viral infection from transfusion has 
been described recently [12]. It is estimated 
at 1/641.000 for HTLVl, 1/103.000 for HCY, 
1/63.000 for HBV and 1/493.000 for HIV, The 
risk might be higher in cord blood donors 
because of the different recruitment of the 
donor population. 

Bacterial infection is also a major issue 
but it seems that the frequency of bacterial 
contamination diminishes with the exper
tise of the staff in charge of the collection. 
In all cases, bacterial culture for anaerobic 



and aerobic bacteria must be performed 
and results sent to the transplant physician 
when the cord blood is delivered for trans
plant. 

Genetic Diseases 

This should be directed by the familial histo
ry, the ethnic background and the follow-up 
of the donor. Tests on cord blood are expen
sive and there is no real consensus on the 
type and number of tests which should be 
performed. Also, there are some concerns 
about the notification of the results to the 
family. 

Maternal Cell Contamination 

Recent studies have shown that the presence 
of maternal cells in cord blood is very fre
quent, the detection depends on the sensitiv
ity of the technique used [13,14]. With very 
sensitive techniques, maternal cells are al
ways detected in low number in cord blood. 
The problem is to know what is the clinical 
relevance of maternal cell contamination. 
Some fear that maternal cells might engraft 
resulting in graft versus host disease. So far, 
no case has been observed, to the contrary, 
there is one observation of a patient who re
ceived a heavily maternal cells contaminated 
cord blood without any evidence of GVH 
[15], for these reasons, screening for mater
nal cell contamination is not included in the 
general practice of cord blood banking. 

HLAand Red Cell Typing 

HLA typing is performed on an aliquot of 
cord blood. Usually,HLA-A and -B antigens 
are identified by serology and HLA-DRBI 
by DNA amplification methods. In addi
tion, Eurocord is collecting DNA from do
nor and recipient to perform molecular 
typing for HLA-C, -DQBl, -DPBl, some 
HLA-A and -B antigens and other markers. 
Some banks routinely type the mother for 
HLA in order to have information on the 
haplotype and control the accuracy of cord 
blood typing. 

Cell Processing 

Because of the small volume of cord blood 
ranging from 40 to 150 ml, there is some con
cern that any attempt at cell manipulation 
and concentration might result in a consid
erable cell loss which might impair engraft
ment [2]. Many banks freeze in a pro
grammed cell freezer, whole cord blood in 
10% DMSO; others use HES (hydroxy-ethyl 
starch) sedimentation for volume reduction 
and removal of red cells [11, 16]. This last 
technique, if proven safe, would have the 
considerable advantage to reduce the stor
age space in liquid nitrogen freezers. CD34+ 
cells selection and stem cell expansion are 
currently investigated mostly for gene trans
fer experiments or use of cord blood trans
plants in adults. Thawing technique is well 
established, it aims at removing red cells and 
DMSO [11]. 

Evaluation of stem cell content is a very 
important issue since several studies have 
shown that there is a correlation between the 
number of nucleated cells infused and en
graftment. There is a correlation between 
placental weight, time of clamping, speed of 
processing, volume collected and stem cell 
content. Quantification of hematopoietic 
stem cells in cord blood is not always easy, 
most studies refer to nucleated or mononu
cleated cells infused per kg after thawing. 
Enumeration of CD34+ cells by Facs analy
sis has entered in routine practice in most la
boratories but results are not always repro
ducible. Others count the number of CFU
GM in clonogenic assays. There is a lot of 
variation between laboratories which ex
plain why quantification has been a problem 
and why, in the European study, a correlation 
was found between the number of nucleated 
cells and engraftment, this correlation was 
not found, anymore, when looking at the 
number of CD34+ cells and CFU -GM. 

Ethical and Legal Aspects 

Cord blood can be collected for an unrelated 
or a related transplant, and more hypotheti
cally for autologous use. For unrelated cord 
blood banks, the mother must be aware that 
the donation is anonymous and free and 
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there is no guarantee to retrieve the infant 
cord blood in case of need for family or au
tologous use [17]. Private banks have been 
set up mostly in the USA for collecting cord 
blood for autologous use [18,19,20,21]. Fur
thermore, the use of fetal and cord blood 
cells has raised ethical concerns related to 
the procedure of informed consent, the de
tection of infectious and genetic diseases 
and how to inform the donor, while preserv
ing the anonymity and freedom of both do
nor and recipient. 

Cord Blood Transplant Results in Europe 

Patients' Characteristics 

Eurocord Transplant has established a Reg
istry for studying results of cord blood 
transplant (CBT) in Europe [22]. Between 
October 1988 and April 1996, 85 patients had 
received a CBT in 26 centers [1,23-33] The 
mean follow-up time was 17 months (range 
3 to 93 months). The median age was 6 years 
(0.2-39 y), median weight 20 kg (5-68 kg). 
Fifty three patients had a malignant disease: 
36 acute leukemia (AL) with 25 acute lym
phoblastic leukemia (ALL) and 11 acute 
myeloid leukemia(AML), 21(58%) were in 
1st or 2nd complete remission (CR) and 
15( 42%) were in > CR2 or resistant relapse, 5 
chronic myeloid leukemia (CML) in first 
chronic phase (CPl), 1 in 2nd CP, 1 in 3rd CP 
and 1 in blastic crisis (BC), 5 myelodysplas
tic syndrome (MDS) (1 transformed in AL), 
2 non Hodgkin Lymphoma (NHL) and 2 
neuroblastoma. Thirty two patients were 
transplanted for non malignant diseases. 
Ten patients had received a previous BMT( 9 
autologous and 1 allogeneic). 

Donors' Characteristics 

Cord blood was provided by the New-York 
Blood Center in 19 cases (Dr P. Rubinstein), 
Hopital Saint Louis in 11 cases (Dr M. Ben
bunan), Milano cord blood bank (Pr G. Sir
chia) in 8 cases, Dusseldorf cord blood bank 
(Pr P. Wernet) in 2 cases and local banks in 
45 cases. 

The donor was an HLA identical sibling in 
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40 cases, a mismatched family donor in 17 
cases, an HLA identical unrelated donor in 4 
cases and a mismatched unrelated donor in 
24 cases. 

HLA compatibility was defined by an 
identity for HLA -A and B determined by se
rology and DRBI typing by SSOP.According 
to this definition, 44 patients received an 
HLA identical CBT, 23 pts a 1 HLA antigen 
mismatched CBT, 8 pts a 2 antigens mis
matched CBT and 10 pts a 3 antigens mis
matched CBT. One difference for HLA-A was 
observed in 23 cases, for HLA-B in 28 cases 
and for HLA-DR in 16 cases, 2 patients re
ceived a 2 DRBI disparate CBT. 

Conditioning and GVH Prevention 

Conditioning regimens varied markedly ac
cording to diagnosis, previous treatments 
and disease status. Overall, patients with an 
HLA identical sibling CBT received the same 
conditioning as they would have received for 
a bone marrow transplant, patients with a 
mismatched transplant received intensifica
tion with various chemotherapies and ATG. 
A total of 39 patients received total body ir
radiation based regimen at a mean dose of 
11 grays (range 5-18 Gy); 38 patients re
ceived a busulfan (BU) containing regimen 
at the dose of 16 mg/kg, this dose was adjust
ed to the body surface in young children at 
the dose of 480 mg/m2• Thirty one patients 
received anti thymocyte globulin (ATG) and 
6 patients a monoclonal anti T antibody in 
the preparative regimen for a mismatched 
CBT. GVH prevention consisted of Cyclo
sporine A alone in 40 HLA identical sibling 
CBT; it was associated with Prednisone in 23 
patients, at low dose < 2 mg/kg in 10 cases or 
> 2 mg/kg in 13 cases, 17 patients received 
cyclosporine A and short methotrexate, 2 
patients received cyclosporine with methot
rexate and prednisone, 4 patients received 
ATG or monoclonal anti T antibody in addi
tion to cyclosporine and prednisone. 

Characteristics of Cord Blood Infused 

The median volume of cord blood collected 
was 105 ml (range 41-360 ml), the median 



number of nucleated cells per bag was 
11 X 108 (range 2-46.7), with a median num
ber of CFU-GM 4.3X lOs (range 0.01-298) 
and of CD34+ cells of 3.7X 106 (range 0.5-
17.6). The median number of nucleated cells 
(NC) infused was 3.7XI07/kg, (range 1-18), 
of CFU-GM 1.8. 104/kg (range 0.1-220),of 
CD34+ cells 1.6X lOS/kg (range 0.5-20). 

Survival 

The overall of I-year survival for 53 patients 
with hematological malignancies was 44% 
with a median follow-up time of 250 days 
(Table 1). It was 48% in related and 41 % in 
unrelated CBT (p = 0.0125). In patients less 
than 6 years old, it was 52 and 31 % in older 
patients (p = 0.08) The number of NC in
fused was a major factor affecting survival 
which was 62% in 21 patients receiving more 
than 3X 107/kg NC compared to 33% in pa
tients receiving less (p = 0.0099). Patients 
with CMV negative serology (25 pts) had a 1 
year survival of 68% compared to 22% in 27 
pts who were CMV positive (p = 0.008). Di
agnosis and stage of the disease affected sur
vival. Patients with leukemia transplanted in 
first or second complete remission (21 pa
tients) had a survival of 56 and patients 
transplanted in later stage of the disease or 
resistant relapse (15 patients) had a survival 
of 8%. In HLA identical CBT, survival was 56 
and 34 % in HLA mismatched CBT (p = 0.3). 

In a multivariate analysis, good survival 
was associated with use of a related vs an un
related donor. RR: 2.0, p = 0.038, HLA iden
tity vs. 1,2 or 3 HLA antigens differences. 
RR: lA, f, = 0.02, number of NC infused 2': 

3.7 X 10 /kg.RR:2.9,p=0.004andpretrans
plant recipient CMV negative serology. RR: 
2.7,p=0.008. 

Engraftment 

In patients with engraftment, the median 
day to reach> 500 PMN/fll was 24 days (8-45 
days), > 1000 PMN/flI29 days (12-102 days), 
the median day to reach> 20 OOO/fli platelets 
was 37 days (14-387 days), and> 500 OO/ml 
platelets was 54 days (16-387). In patients 
with malignancy, 82% had more than 500 

Table 1. Factors associated with I-year survival after 
cord blood transplant for hematological malignan-
cies. 

Variable N 1 year 
survival% 

P 

Global 53 44 

Donor related 33 48 
unrelated 20 41 0.3 

Age <6 23 59 
>6 30 31 0.08 

Weight <20 kg> 21 60 
20kg 31 34 0.04 

Nuc cells/kg>3.7.107 21 62 
<3.7.107 32 33 0.0099 

CMV negative 25 68 
positive 27 22 0.009 

HLA Odiff 23 62 
1 diff 16 36 
2diff 5 80 
3 diff 9 22 0.002 

Sex 
Identical 29 31 
Different 24 57 0.07 

TBI 
Yes 36 47 
No 17 35 0.4 

PMN at day 45 with 7 patients not evaluable 
because they died before this date. Patients 
who received less than 3 X 107 /kg N C had a 
67% probability of engraftment, while pa
tients receiving more than the median dose 
of NC had 100% probability of engraftment 
(p = 0.0001). There was a significant differ
ence in the delay to reach 500/fll PMN ac
cording to the number of NC infused, it was 
34 days in patients receiving less than 
3.7X 107/kg NC versus 24 days in patients re
ceiving more than this dose (p = 0.0005). 

In a Cox model, 4 factors were associated 
with engraftment. They were HLA identity 
(RR: 3, p = 0.003), origin of cord blood relat
ed vs. unrelated CB (RR2.2,p =0.04), 2': 3.7X 
107/kg NC infused (RR: 2.6, p = 0.001), and 
diagnosis other than aplastic anemia or he
moglobinopathy (RR: 3.5,p = 0.0005). 

Graft Versus Host Disease 

In the whole population analysis, it was 
scored grade 0 in 33 cases, grade I in 16 cases, 
grade II in 15 cases, grade III in 8 cases and 
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grade IV in 2 cases. It was related to the num
ber of HLA disparities but not to the type of 
mismatch A, B or DR. In 64 patients with en
graftment, the probability of GVH 2:: II was 
21 % in HLA identical CBT and 60% in HLA 
mismatched CBT (p = 0.0008). It was 21 % in 
HLA identical CBT, 54% in 1 ag HLA mis
matched CBT, 58% in 2 HLA antigens mis
matched CBT and 75% in 3 HLA antigens 
mismatched CBT (p = 0.02). Severity of 
GVH was mild and 2 patients only died of 
GVH. GVH was observed in 52.5% malig
nant diseases, 20% bone marrow failure syn
dromes and 12% other inherited diseases (p 
= 0.0195). The number of NC infused influ
enced GVH only in mismatched transplants 
(p = 0.0557). Median time to GVH was iden
tical in matched and mismatched trans
plants. 

Chronic GVH was observed in 5 of 41 pa
tients surviving with engraftment for more 
than 90 days, it was limited in 4 cases and ex
tensive in 1 case. It was observed after an 
HLA identical CBT in 2 cases and after an 
HLA mismatched transplant in 3 cases. 

Other Complications, Leukemic Relapse and Cause 
of Death 

Most complications were observed before 
day 100. The frequency of interstitial pneu
monitis (IP) (16 cases), veno occlusive liver 
disease (VOD) (7 cases) and acute respirato
ry distress syndrome (ARDS) (7 cases) was 
relatively high, as it was not associated with 
HLA disparity, it might be related to trans
plant related toxicities in patients trans
planted with advanced diseases. 

Leukemic relapse was observed in 11 cas
es,3 AML, 5 ALL, 2 MDS and 1 CML. Eight pa
tients relapsed early after CBT on days 19,20, 
48,67,68,100,125 and 328. This is due to the 
high number of patients transplanted in late 
phase of the disease. Three patients relapsed 
later and are still alive; one had CML with 
molecular and cytogenetic relapse on day 
1102, she is in complete remission after treat
ment with donor lymphocyte transfusions 
and interferon. Another patient had ALL 
with t9;22, he had a molecular relapse on day 
1008 without cytogenetic or bone marrow 
relapse and complete donor chimerism. He is 

1146 

now in complete remission of one donor 
lymphocyte transfusion. The third patient 
with AML relapsed on day 250, he is current-
1y alive in remission after bone marrow 
transplantation with the cord blood donor. 

The primary cause of death of 39 patients 
was rejection/non engraftment in 10 cases, 
leukemic relapse in 8 cases, disease pro
gression in 1 MDS and 2 neuroblastoma, 
GVH in 2 cases, interstitial pneumonitis in 
2 cases, VOD in 4 cases, acute respiratory 
distress syndrome in 1 case, viral infection 
in 3 cases, fungal infection in 3 cases, car
diac toxicity in 2 cases and unknown cause 
in 1 case. 

Other Results 

J. Kurtzberg et al. [34] reported, recently, a 
series of 25 patients who received an unre
lated cord blood transplant provided by the 
New York cord blood bank. All except one 
were children, 23 had a malignancy, 12 were 
in first or second complete remission( stan
dard risk), 7 were in relapse or in advanced 
stage of the disease, 2 had leukemia compli
cating Fanconi anemia and Kostmann's 
syndrome, 1 neuroblastoma and 1 common 
variable immunodeficiency disease-mye
lodysplastic syndrome. There were various 
degrees of HLA incompatibilities. The 
number of nucleated cells infused correlat
ed with the rate of myeloid engraftment(p 
= 0.002). GVH was observed but it was 
mild. Twelve of the 25 patients had an event 
free survival rate of 48%. Seven of the 19 
patients undergoing transplantation for 
malignant conditions survived, 6 of 12 pa
tients transplanted in first or second CR 
survived but most have a short follow-up of 
less than 1 year; only 1 of 8 patients who 
underwent CBT while in remission and sur
vived for more than 100 days had a leuke
mic relapse. 

J. Wagner et al. [35] reported 18 patients 
who received an unrelated CBT from the 
New York cord blood bank. Most were chil
dren, 13 had a malignant disease, 5 patients 
only were in 1st or 2nd remission, the other 
had more advanced disease. Among 5 good 
risk patients, all were alive with a very short 
follow-up ranging from 170 to 317 days. 



Discussion 

Cord blood transplant is now a well recog
nized source of hematopoietic stem cells for 
allogeneic transplant. Recently published 
results and EUROCORD study show that the 
number of cells present in a single cord 
blood is sufficient to engraft most children 
and some adults. Engraftment has been a 
concern because of the limited number of 
cells present in one cord blood. In our se
ries, the number of cells present in one cord 
blood was 11 X 108 nucleated cells with a 
range of2 to 47X 108• The median number of 
CD34+ X 108 cells was 3.7 with a range from 
0.5-7.5 and of CFU-GM.105 4.3 with a range 
of 0.01 to 38. We found that the number of 
nucleated cells infused was a major factor 
for engraftment and survival. Due to the 
heterogeneity of the patients groups and of 
the methods of transplant, it is very difficult 
in absence of prospective studies to make 
recommendations on the optimum number 
of cells needed for long term engraftment. 
In vivo expansion with hematopoietic 
growth factors such as G-CSF and thrombo
poietin, improvements of stem cell recovery 
from cord blood collection or ex-vivo HSC 
expansion must be investigated prospec
tively. 

Graft versus host disease is a major com
plication ofHLA incompatible bone marrow 
transplantation. The use of cord blood cells 
which are immunologically immature might 
diminish the incidence and severity of this 
complication. As in previously published se
ries, GVH was present, it was correlated with 
the degree of HLA disparity, usually, it was 
not life-threatening and the incidence of 
chronic GVH was low. It is impossible from 
this and previously published series to con
clude on the relative protection of cord 
blood lymphocytes against GVH because 
most of the patients were children and GVH 
is known to be decreased in this population 
of patients. More patients and more follow
up are needed to evaluate the modification 
of the risk of relapse and possible loss of the 
GVL effect with cord blood cells. 
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Introduction 

The effectivness of interferon alpha (IFN) 
for the treatment of chronic myelogenous 
leukemia (CML) during the chronic phase is 
now well established. Several studies have 
shown that IFN produces hematologic re
mission in 60% to 80% of patients [1). In 
some studies the achievement of complete 
hematologic response within 3 months 
seems to represent a significant factor which 
correlates with a cytogenetic response [2). 
Also, the treatment with IFN resulted in sup
pression of the Ph-positive cells population 
which was complete in 7% to 25% of the pa
tients [3,4). A major cytogenetic response 
(i.e., less than 35% Ph-positive cells) was 
noted in 35 to 45% of the patients. Such cy
togenetic response was not only complete 
but also prolonged for periods ranging 
between 2 and 8 years [5). 

Several groups have also shown that sur
vival was improved in patients without any 
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cytogenetic response. This latest result was 
reported by the UK Medical Research Coun
cil trial [6). Moreover, it would appear that 
IFN also delays the appearance of blast cri
sis. The incidence of major and complete cy
togenetic responses fluctuates from studies 
to studies (for example 7 to 25% for the com
plete response). This discrepancy between 
trials may partially explain the differences 
in survival rates. However, the cytogenetic 
response rates obtained with IFN alone re
main low. Accordingly, new strategies com
bining IFN and other cytotoxic agents in or
der to improve the cytogenetic response 
rates are warranted. 

In leukemic patients the aim of cytotoxic 
therapy is eradication of the leukemic stem 
cells with relative spering of the normal 
bone marrow stem cells. Cytarabine (1-~-D
arabinofuranosylcytosine) (Ara-C) is a py
rimidine nucleoside analogue with a config
uration similar to that of cytidine and de
oxycytidine, but differing in that the sugar 
moiety is arabinose rather than ribose or de
oxyribose. The cytotoxic effect of Ara-C is 
thought to be determined mainly by the 
intracellular synthesis and retention of Ara
C triphosphate (Ara-C-CTP), which inter
feres with DNA synthesis. For that reason 
Ara-C is preferentially cytotoxic to prolife
rating cells. In vivo, Ara-C is rapidly inacti
vated to uracil-arabinoside (Ara-U), so that 
Ara-C chemotherapy consisting of push in
jection or a few hour of infusion only results 
in short-term exposure of the cells to Ara-C. 
A comparison of pharmacokinetics of con
tinuous intravenous and subcutaneous infu
sion of Ara-C demonstrated that steady-
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state serum Ara-C levels were similar with 
both routes of administration [7]. Because of 
its short half-life after a single intravenous 
or subcutaneous injection and its S-phase 
activity, prolonged intravenous infusion of 
Ara-C have been administered to patients 
with acute myelogenous leukemia. The ad
ministration of Ara-C by continuous IV in
fusion results in plasma Ara-C levels rang
ing between 10-8 and 10-7 molll. In contrast, 
peak plasma level is approximately 10-6 

molll after a subcutaneous single injection. 
Furthermore, plasma Ara -C levels are unde
tectable 6 h after bolus injection. Thus using 
a dose schedule of daily injection of Ara-C 
could result in an 18 h interval with no de
tectable drug before the next injection [8]. 

Ara-C is an attractive chemotherapy for 
the treatment of CML. In vitro studies dem-
0nstrated a preferential inhibition by Ara-C 
of granulocytes-macrophage colony form
ing cells (CFU-GM) from patients with CML 
compared to CFU-GM from normal sub
jects. Two groups found that CFU-GM from 
patients in the chronic phase CML were in
hibited by significantly lower concentration 
of Ara-C than were CFU-GM from normal 
subjects [9,10]. Because of this in vitro activ
ity, Ara-C has been tested in vivo for the 
treatment, as single agent, of patients with 
CML in chronic phase [11,12]. Hematologic 
remission was consistantly observed and, in 
addition, several patients had a cytogenetic 
response. Although these results suggest that 
prolonged continuous administration of 
Ara-C can innibit Ph+ hematopoiesis, this 
inhibition was always transient and there is 
at the present time no evidence that such 
treatment could prolonged the survival. 

One of the mechanisms by which IFN act 
as a antitumor agent is that IFN blocks cell 
cycle progression in the GO/Gl phase [l3]. 
The effect of IFN alone and in combination 
with Ara-C on normal and leukemic human 
hematopoietic progenitor cells have been in
vestigated in vitro. Mononuclear cells from 
normal bone marrow, peripheral blood of 
patients with chronic phase CML, or the cell 
line HL-60 were incubated with various type 
of interferons followed by the addition of 
Ara-C. The survival of normal CFU -GM was 
significantly increased if the cells were incu
bated with IFN 1 h before Ara-C exposure. 
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These in vitro studies suggest that IFN and 
Ara-C act synergistically. It is assume that 
normal cells are blocked in phase GO/G 1 by 
IFN and are, hence, protected from the cyto
toxic effect of Ara-C which act in S-phase, 
whereas leukemic cells which are more au
tonomous in their division are destroyed by 
Ara-C [14]. Because of these mecanisms of 
action, one could suggest that the treatment 
of patients with CML CP using these two 
agents could result in more cytogenetic re
sponses and then better survival. 

Thus, we conducted 3 successive trials in 
order to assess the usefulness of a combina
tion of Ara-C and IFN. 

Patients and Treatment 

The Pilot Study 

In 1986, we initiated a first pilot study by us
ing such a combined approach. Twenty four 
patients (l2 previously treated by standard 
chemotherapy and 12 previously untreated) 
received hydroxyurea (HU) 50 mg/kg/day 
orally and IFN -a2a at a starting dose of 
5X 106 IU/m2/d subcutaneously. Courses of 
low-dose Ara-C were given to 11 patients. 
Ara-C was administered once a day 10 to 15 
days per month at a dose of 10 to 20 
mg / m2/ d. Acomplete hematologic response 
(CHR) was obtained in 18 to 24 patients. 
Eight out of 24 patients obtained a major cy
togenetic response. Furthermore, a rapid cy
togenetic improvement was recorded in six 
out of 11 patients receiving courses of low 
dose Ara-C, with a complete Ph chromo
some suppression in 4 [15]. Summarizing, 
IFN improves survival in that fraction of pa
tients in which it induces a cytogenetic re
sponse. The combination of IFN and Ara-C 
should make it possible to increase the cy
togenetic response rate and improve survi
val even further. The two French multicen
tric trials, the CML 88 and the CML 91 stud
ies were initiated in order to explore further 
this hypothesis. 

The (ML 88Trial 

The CML 88 protocol was the first French 
multicenter randomized study. 



The principal assessment criterion was 
the study of the cytogenetic response rate in 
the experimental group (IFN + Ara-C) com
pared with the cytogenetic response rate in 
the reference group (IFN alone). Secondary 
criteria consisted of patient tolerance of the 
treatment, and survival. Inclusion criteria 
were as follows: diagnosis of CML based on 
cytogenetic analysis (complex transloca
tions and certain additional cytogenetic 
anomalies were not considered as exclusion 
criteria, but anomalies such as iso 17q, du
plication of PhI or trisomy 8 were regarded 
as exclusion criteria since they indicated and 
accelerated phase of the disease); CML in the 
chronic phase, aged between 15 and 70 
years, WHO score 0, 1,2, without visceral im
pairement, renal, hepatocellular or heart 
failure; no treatment or conventional 
chemotherapy of less than 6 months dura
tion following diagnosis. Patients were ran
domized by telephone (to the coordination 
center) and included in one of the 2 mainte
nance therapy arms. The maintenance ther
apy had to be initiated in the 3rd month of 
induction treatment in a patient in stable he
matologic remission and no longer receiv
ingHU. 

In the induction phase, all patients re
ceived IFNa-2b starting at 5 X 106 IU subcu
taneously plus HU 50 mg/kg/d orally until 
stable hematologic remission was achieved. 
The maintenance treatment was scheduled 
to begin during the third month in a patient 
in stable hematologic remission no longer 
receiving HU. Patients were randomized to 
receive either IFN-a-2b alone (5XI06 

rulm 2) or the same dose of IFN plus low
dose Ara-C 10 mg/m2/d subcutaneously 10 

Induction 

Same for all patients 

MAINTENANCE 

TREATMENT 
for patients in 

hematological remission 

Fig.1. CML 88: treatment plan 

{ 

{ 

days each month. The proto cole was stopped 
in the following situations: if a related or un
related compatible HLA donor was found, 
and if a bone marrow allograft appeared 
possible, given the patients's age and condi
tion, or if severe toxicity required the dis
continuation of treatment; if complete he
matologic remission was not obtained after 
3 months of induction treatment; if a hemat-
010gic relapse occurred, in spite of the cor
rect administration of interferon; if a cytog
enetic relapse occurred (Fig. 1). 

237 patients were registered (centralized 
registration in Poitiers) over a 33 month pe
riod from April 1988 to January 1991. Patient 
registration was carried out by 36 French 
Hematology centers and was stopped on Jan
uary, 16, 1991. An analysis of this trial was 
performed with 207 evaluable patients after 
a median follow-up of 50 months. In this 
trial, 30 patients are not available for the 
analysis. Of these, data are still expected for 5 
patients, 2 patients refused treatment and 
follow-up, while 6 others were wrongly diag
nosed. In addition, 17 patients were not eval
uable per protocol because of exclusion cri
teria, i.e. the interval with respect to diagno
sis was excessive in the case of two patients, 
blast crisis occurred right away in 3 patients, 
an allograft was directly performed in 4 pa
tients; 7 patients had chronic myelocytic leu
kemia without Philadelphia chromosome 
but with a bcr/abl rearrangement, and 1 pa
tient committed suicide a few days after ran
domization. The number and distribution of 
non analyzable patients is similar in both 
groups and does not impede the analysis. 

The distribution of clinical and laborato
ry parameters was identical in the two 

HYDROXYUREA 50 mg/kg/day 
+ 

INTERFERON 5X106 IU/m2/day 

* 

3 MONTHS 

& ~ 
IFN IFN + low dose Ara-C 
alone 10 mg/m2/day 

10 days each month 
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Table 1 

Month 3 6 9 12 

IFN +ARA-C 
No.inCHR 50 54 51 38 
WBC 
min.-max. 2.1-9.8 2.5-8.3 2.5-9.8 2-7.6 
mean 5 4.1 4.3 4.2 

Platelets 
min.-max. 14-386 57-406 34-441 33-416 
mean 166 167 176 176 

IFN 
No.inCHR 64 60 45 40 

WBC 
min.-max. 2-9.8 1.3-9.7 1.9-9.6 2.2-8.9 
mean 4.8 4.7 4.5 4.9 

Platelets 
min.-max. 16-425 59-398 87-368 27-441 
mean 189 187 193 206 

groups. Each risk category (low, intermedi
ate or high), based on the Sokal score, was 
evenly distributed in the two groups. A CHR 
was observed in 83% of patients, without 
difference between the two arms. Statistical 
analysis of the cytogenetic response does 
not demonstrate a superiority of the IFN + 
Ara-C arm in terms of achieving major cy
togenetic responses. However, in the IFN + 
Ara-C group 24 of 103 patients (23%) were 
in complete cytogenetic response (CCR), 
whereas in the IFN-alone group 16 of 104 
(l5%) patients obtained this result. Thus in 
the CML 88 study, the rate of CCR seems 
higher in the IFN + Ara-C arm, but this is 
only a trend. 

In this protocol the side effects of IFN-a 
were important including fever, chills, mal
aise, headache, anorexia, joint pain, vomit
ing, low backache, myalgia, various type of 
neuropathy, changes in mood and concen
tration, psychiatric disorders, abnormalities 
of liver enzymes, leukopenia and thrombo
cytopenia. Sufficient dosage is important 
because it is necessary to induce leukopenia 
and thrombocytopenia in order to obtain 
cytogenetic responses. In some patients, se
rious side effects were dose limiting and for 
some of them treatment had to be interrupt
ed. These included neurotoxicity with fron
tal lobe signs (depression) and immune me
diated events. A triad of depression, fatigue 
and insomnia was frequently observed in 
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15 18 21 24 27 

26 26 16 15 8 

1.9-8.8 2.4-8 2.3-8.2 2.5-8.7 2.7-6.8 
4.5 4.4 3.8 4.5 4.1 

74-430 73-377 73-441 79-306 104-269 
189 184 184 183 201 

19 18 13 11 3 

1.8-9.6 1.9-6.1 2.3-9.4 2-5.3 3.5-5.7 
4.1 4.3 4.7 3.8 4.3 

100-313 83-320 87-345 62-269 171-341 
209 216 216 154 234 

some patients. A poor neuropsychiatric tol
erance must be recognized early with the 
need to stop interferon treatment in case of 
neuropsychiatric symptoms and in particu
lar in case of suicidal tendencies. The objec
tive of CML 88 trial was to assess patients 
tolerance of IFN when administered during 
the chronic phase of chronic myelocytic leu
kemia. Also it sought to demonstrate the 
possible effect of adding courses of treat
ment with Ara-C to maintenance therapy 
with IFN in order to increase the cytogenetic 
response rate. The combination of HU-IFN 
given as induction treatment produced a 
satisfactory hematologic remission rate. 
Moreover the hematological toxicity of this 
new association was acceptable. 

In patients maintained in CHR by the 
treatment, the evolution of the mean leuko
cyte and platelet counts was compared. 
Table 1 shows that there was no difference 
with regards to these parameters between 
the two groups for patients maintained in 
CHR. 

The medullary cellularity was evaluated 
every 3 months by a marrow puncture and 
graded as: hypercellular (4), normal cellu
larity (3), hypo cellularity (2), extremely low 
cellularity (1). Medullary cellularity was 
studied over a 2 year period. Table 2 shows 
that there were no significant differences in 
this parameter between the two treatment 
groups: the percentage of patients with hy-



Table 2. Evolution of medullary cellularity 

Grade Dga 3 6 9 

IFN +ARAC 
0 12 12 14 

0% 21 % 29% 31 % 

7 9 10 
2 1% 13% 21 % 22% 

11 33 20 19 
3 15% 59% 48% 45% 

59 4 2 
4 89% 71% 2% 4% 

TOTAL 71 56 42 45 

IFN 
13 19 10 

1% 20% 34% 24% 

2 11 13 10 
2 2% 17% 23% 24% 

12 31 17 IS 
3 14% 48% 30% 36% 

73 10 7 7 
4 82% 15% 13% 17% 

TOTAL 88 65 56 42 

a Dg : diagnosis. 

pocellularity or very low cellularity is the 
same in both groups. 

In this trial, patients who achieved a ma
jor or a complete cytogenetic response had a 
significantly better survival than those with 
minor or no response. The probability of ob
taining complete cytogenetic remission was 
greater in the interferon-Ara-C group, but 
this was only a tendency. 

The CML 91 Trial 

The CML91 trial was partially based on the 
CML 88 study. One of the objectives of the 
CML 91 trial was to treat patients on the ba
sis of prognostic scores derived from Sokal 
criteria. Also the patients were treated ac
cording to their age. Patients less than 35 
years of age whatever their score with a fam
ily donor were allografted after a short peri
od of hydroxyurea (usually within 12 
months). The same procedure was required 
for patients between 35 and 50 years of age 
with a high score (i.e., > 1.2). All the other 
patients were included in the trial. Patients 
for induction were randomized between two 
regimens, HU + IFN (same doses as in the 

12 15 18 21 24 months 

10 13 7 4 0 
26% 50% 33% 33% 0% 

9 4 4 2 7 
23% 15% 19% 17% 29% 

19 8 9 5 8 
49% 30% 43% 41 % 33% 

1 1 0 
3% 4% 5% 8% 0% 

39 26 21 12 15 

7 4 6 0 4 
18% 21 % 35% 0% 40% 

9 7 2 3 2 
23% 37% 12% 43% 20% 

19 5 7 4 3 
49% 26% 41% 57% 30% 

4 3 2 0 I 
10% 16% 12% 0% 10% 

39 19 17 7 10 

CML 88 study) or HU + IFN + courses of 
low-dose Ara-C, which was administered at 
a dose of20 mg/m2110 days 2 weeks after the 
beginning of the induction regimen (Fig. 2). 

The endpoints were overall survival, CHR 
at 6 months, major cytogenetic response 
(i.e., less than 35% Ph+ cells) at 12 months. 
In this second trial courses oflow-dose Ara
C were administered at a dose of 20 
mg/m2/day 10 days per month which is a 
dose twice higher compare to that adminis
tered in the previous study. Also, the dose 
could be increase up to 40 mg for a period of 
15 days per month. The first course of Ara-C 
was started earlier, 2 weeks after the begin
ning of the induction regimen. HU was dis
continued if a stable hematologic remission 
was achieved. Patients who achieved hemat-
0logic response at 6 months (HU being dis
continued) or major cytogenetic response at 
12 months continued in each group. Patients 
who died not achieved either hematologic 
response at 6 months or major cytogenetic 
response at 12 months had several therapeu
tic options. An allogeneic related or unrelat
ed bone marrow transplant was proposed 
for those with a suitable donor. Other pa
tients could received high dose chemothera-
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AGE 
Under 35 years 
(R) 
35-50 

50-70 

Sokal's Index 
Any 

> 1,2 
< 1,2 
Any 

IFN+HU 

R 

.. 

Treatment 
HU until BMT allo if sib donor or randomization 

Same as above 
Randomization (R) even if sib donor 

Randomization (R). 

IFN + HU + Ara-C 

6 months (HU stopped)* 

~ " 
Complete hematologic remission 

Each arm Continued 

.. 

No CHR = failure 

Under 50 years: BMT allo 
50 - 60 years: BMT auto 
Otherwise: 

IFN + + Ara-C 
IFN + Ara-C + chemotherapy 

12 months 
Cytogenetic response 

~ " 
< or = 35% PhI + cells 
Each arm Continued 

Evaluation every 4 months 

>35% PhI + cells = failure 
¢ same as above 

Fig.2.CML 91 - design of the study 

py followed by autologous stem cell reinfu
sion. 

From January 1991 to May 1996,745 pts 
(age:5 70 y) with a CML Ph+ chronic phase 
were included. All pts were given simultane
ously hydroxyurea (HU) at a daily dose of 50 
mg/k~ and IFN a2b at a starting dose of 
5X 10 IU/m2/dayfor induction. HUwas dis
continued when a CHR was achieved. Pts 
randomized in the IFN + Ara-C group re
ceived the same regimen plus monthly 
courses of Ara-C. 

A preliminary analysis was performed on 
646 randomized pts, 324 in the IFN group 
and 322 in the IFN + Ara-C group. Risk cate
gories based on the Sokal score were evenly 
distributed in the two groups: 48% (low), 
40% (intermediate), 12% (high) in the IFN + 
Ara-C group and 41, 42, 17% in the IFN 
group. At 6 months, the CHR rate was higher 
in the IFN + Ara-C group (67%) compared 
to IFN group (54%) (p = 0.002), but time to 
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response was similar in both groups. At 12 
months, a major cytogenetic response was 
obtained in 96 (39%) out of 248 pts with 
Ara-C and in 55 (22%) out of 249 pts with
out Ara-C (p < 0.001). Survival of pts in the 
IFN + Ara-C group was improved. During 
the first 12 months, the mean daily dose of 
IFN was 5X 106/day in both groups, the me
dian number of courses of Ara-C was 7 with 
a median daily dose of 31 mg. Adverse 
events were responsible for discontinuation 
of treatment in 71 pts included in the IFN
Ara-C group and in 75 pts in the IFN group. 
Main side effects with Ara-C were gastro-in
testinal disorders and thrombocytopenia 
[16]. This preliminary analysis of this sec
ond trial shows that patients who received 
IFN and Ara-C had a better survival than 
those who received IFN alone. The cytoge
netic response rate was also significantly 
improved with the combination of Ara-C 
andIFN. 



Conclusion 

The treatment of patients with chronic 
phase CML with a combination of IFN and 
Ara-C resulted in higher major and com
plete cytogenetic response rates compare to 
IFN alone. A relationship was found between 
the survival and the cytogenetic response. 
Thus IFN and Ara-C can be proposed to pa
tients with CML as initial treatment. 
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Alpha-Interferon Role in the Management of Follicular Lymphoma 
Patients. The GELA Experience 

B.COIFFIER 

Follicular lymphomas (FL) represent 
between 20 and 25% of all lymphomas and 
are slightly more frequent in America than 
in Europe and less frequent in Asia [1]. They 
are composed of follicle center cells, a mix
ture of centrocytes (small to large cleaved 
follicle center cells) and centroblasts (large 
noncleaved follicle center cells). Usually, 
centrocytes are predominant and centro
blasts are the minority. The pattern of pro
liferation is usually follicular but diffuse are
as may be present and in some cases they 
may predominate. The proportion of centro
blasts and the size of centrocytes vary in dif
ferent lymph nodes from the same patient 
[2]. Histologic grades associated with differ
ent outcome have been described according 
to the percentage of each constituent but 
they have proved to be irrelevant because 
proliferation is a continuous graduation and 
this grading is difficult to reproduce among 
groups of pathologists [3,4]. Tumor cells are 
usually Slg+, B-cell-associated antigen+ 
(CDI9, CD20, or CD22), CDlO+, CD5-, and 
CD23-. Translocation t(14;18) involving re
arrangement ofbcl-2 gene is present in 70 to 
90% of the cases, resulting in abnormal ex
pression of this anti -apoptotic gene. 

Most patients have widespread disease at 
diagnosis and truly localized disease is rare 
[5]. Involved sites are predominantly lymph 
nodes, spleen, and bone marrow, and occa
sionally peripheral blood or extranodal 
sites. Extranodal site involvement, other 

than bone marrow or blood, is often asso
ciated with a more aggressive disease or an 
histologic progression. These lymphomas 
are characterized by a rather ineluctable ev
olution toward an histologic transformation 
into large cell or small non-cleaved celllym
phoma. During the first phase of the disease, 
lymphoma cells are sensitive to various 
treatment types but a true complete remis
sion (CR) is hardly reached. With relapses, 
with or without histologic transformation, 
lymphoma cells become resistant to treat
ment. The most important prognostic fac
tors for follicular lymphoma patients do not 
differ from those associated with survival in 
large cell lymphomas, Le., age, performance 
status, stage, tumor burden, lactic dehydrog
enase (LDH) and BBB2-microglobulin lev
els. The application of the International 
Prognostic Index allows the definition of 
four subgroups with a rather different out
come, patients with intermediate-high and 
high risk having a less than 30% 5-year sur
vival [6]. These patients may be divided into 
three clinical subgroups defined by the tu
mor burden: patients with localized disease, 
patients with disseminated disease but low 
tumor burden, and those with high tumor 
burden. The criteria of high tumor burden 
are one or more tumor masses larger than 7 
em, poor performance status, above normal 
value LDH level, above 3 mg/l B2-microglo
buline level, any tumor mass responsible of a 
compressive syndrome, pleura or ascitis ef-

Hospices Civils de Lyon, Universite Claude Bernard,Pierre-Benite, France 
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fusion, blood involvement, and any cytope
nia. Even if these criteria are not interna
tionally accepted, most large groups use 
them [4]. 

Follicular lymphomas are considered as 
low-grade lymphomas because the initial 
clinical picture shows little aggressiveness 
with only nodal involvement and because 
the overall survival of these patients is long 
with a median survival ranging from 7 to 10 
years, particularly for patients with a low tu
mor burden. However, the annual death rate 
is constant, around 6-7% a year. Freedom
from-progression (FFP) survival is much 
shorter than overall survival and the median 
FFP survival ranged from 2 to 3 years ac
cording to prognostic parameters. Reaching 
a CR or a very good partial response (persis
tance of only a small bone marrow involve
ment) has been associated with a better out
come and, thus, this has to be the aim of the 
treatment in young patients [5]. 

Treatment of a follicular lymphoma pa
tient must be decided according to the stage 
of the disease, its tumor burden, and the 
presence of adverse prognostic factors. Lo
calized disease, stage I and II without large 
tumor burden, is seen in 10 to 15% of the pa
tients. Half of them have a true localized dis
ease and may be cured by local radiation 
therapy. In these patients, chemotherapy 
must be delayed until recurrence. 

Patients with disseminated disease must 
be treated according to the presence or ab
sence of adverse prognostic factors. Those 
patients without adverse prognostic factors 
may be initially not treated until disease 
progression and the appearance of any crite
ria of high tumor burden. Spontaneous re
gressions ( < 5%) may occur but most of the 
patients have stable disease for a median of 
12 months (small and large cell FL) or 3 to 4 
years (small cell FL). All patients eventually 
progressed and died from their disease, 40 to 
70% after histologic transformation, with a 
median survival of 6 to 8 years [7]. This ap
proach may be valid for elderly patients but 
must be reconsidered for younger patients 
according to results obtained for patients 
with more aggressive disease. However, no 
prospective trial have shown that treating 
these young patients earlier was associated 
with longer survival. Our present recom-

mendation is to closely observed the disease 
progression during the first 6 months after 
diagnosis and to start chemotherapy that is 
used in patients with adverse prognostic 
factors in case of disease progression. Other
wise, the "watch and wait strategy" is cur
rently the best bait for elderly patients with 
low tumor burden. 

At least 50% of FL patients need to be 
treated because of the presence of adverse 
prognostic factors. Treatment choice has 
long been a matter a discussion mainly be
cause randomized trials have been realized 
in all FL patients or by mixing these patients 
with other so-called "low-grade" lympho
mas. FL patients have been considered as 
non curable and manageable with non-ag
gressive treatment, that is chlorambucil or 
CVP [cyclophosphamide, vincristine, and 
prednisone]. However, patients who reached 
CR at the end of first line treatment have a 
longer survival, a longer time-to-treatment 
failure (TTF), and a lower probability of his
tologic transformation at recurrence. CR 
should then be the goal of first-line treat
ment, particularly in young patients and, in 
this setting, more intensive therapy such a 
CHOP [cyclophosphamide, doxorubicin, 
vincristine, and prednisone], CHVP (Fig. 1), 
PmM (Prednimustine plus mitoxantrone), 
or any comparable anthracycline-contain
ing regimen allowed better CR rate than 
non-doxorubicin containing regimens. Flu
darabine allows a high response rate in re
lapsing patients and in first-line patients but 
TTF is not different from that obtained with 
other regimens [8]. Until results of current 
randomized trials comparing fludarabine 
with CVP or CHVP, it should be reserved for 
relapsing patients. Duration of treatment 
should be adapted to the response and PR 
patients at 12 months have to continue 
courses till reaching a clinical CR. 

Patients with predominantly large cell FL 
have been considered in the Working For
mulation as having a worse outcome. If most 
of these patients have adverse prognostic 
factors and need to be treated at diagnosis, 
response to treatment and survival are not 
different from other FL patients with the 
same poor prognosis parameters. Thera
peutic strategies defined for other FL pa
tients are recommended. 
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protocol 

Table 1. Interferon trials in follicular lymphoma patients 

Follicular 
Trial Only Induction 

ECOG No Yes 
GELA Yes Yes 
St. Barts Yes Yes 
EORTC Yes No 
German No No 

NS: Not significant. 

Interferon AAA-recombinant has been used 
either in association to initial chemotherapy 
regimen or as maintenance in responding 
patients in order to increase the response 
rate, decrease the relapse rate, and increase 
TTF and overall survival (OS) [9]. Whatever 
the setting, addition of interferon increased 
significantly TTF or disease-free survival 
(DFS) but it increased OS in only the GELF-
86 trial (Fig. 1) that used the longer duration 
of interferon treatment. If complementary 
studies have to be done to know the best 
interferon dose (currently, 3 to 5 MU three 
times a week), the duration of treatment 
(probably longer than 18 months), and the 
best setting (induction, maintenance, or 
both), interferon have to be included in the 
treatment ofFL patients (Table I, [4]). 

The GELA study [10] randomized the m
CHVP regimen (cyclophosphamide 600 
mg/m2, doxorubicin 25 mg/m2, VM-26 60 
mg/m2, and prednisone 60 mg/m2 every 4 
weeks for 12 courses) versus m-CHVP plus 
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Maintenance TTF Survival 

No p< 0.05 NS 
Yes p< 0.001 p< 0,01 
Yes p< 0.05 NS 
Yes p< 0.05 NS 
Yes p< 0.05 Not analyzed 

interferon 5 MU 3 times a week for 18 
months. Patients treated with interferon 
have a significantly increased response rate, 
a significantly longer disease-free survival, 
and a significantly longer survival (Figs. 2, 
3). This difference persists and increases 
with a longer follow-up in the group of pa
tients analyzed in the initial paper or in a 
larger group of patients comprising all ran
domized patients. 

In none of the trials incorporating inter
feron in combination with chemotherapy or 
after achieving a response, a severe detri
mental effect was associated with interferon 
treatment but more pronounced cytopenia 
have been described in patients treated with 
the association of chemotherapy plus inter
feron without clinically significant adverse 
event. 

In conclusion, the ideal treatment of fol
licular lymphoma patients is not yet deter
mined and further studies are needed to de
fine the role of new strategies such as early 
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intensification with stem cell support or 
anti-CD20 antibodies. However, there is now 
sufficient evidence that showed a benefit in 
duration of response or duration of survival 
for follicular lymphoma patients with a high 
tumor burden being treated with an an
thracycline-containing regimen to include 
AAA-interferon in their treatment either in 
combination with chemotherapy or after 
achieving a response. Interferon must be 
used at the dose of 5 MU three times a week 
for at least 18 months. 
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Abstract. The current multicenter study was 
initiated to address two major questions in 
the treatment of advanced stage non-Hodg
kin lymphomas (NHL); (1) the activity of 
two different cytoreductive regimens and 
(2) the impact of interferon-a (IFN-a) 
maintenance. 

Patients with advanced stage III and IV cen
troblastic-centrocytic (CB-CC) and centro
cytic (CC) lymphomas were randomized to 
initial therapy with either prednimustine/ 
mitoxantrone (PmM) or cyclophospha
mide/vincristine/prednisone (COP). Re
sponding cases underwent a second ran
domization for IFN-a or observation only. 
From the 525 evaluable patients 85% 
achieved a remission with similar overall re
sponse rates for PmM (85%) and COP 
(86%). Significantly more CR were obtained 
after PmM (35% versus 21% p < 0.05); 247 
cases were subsequently randomized for 

IFN-a versus observation. As of November 
1996 a significant advantage in favor ofIFN
a was observed. In the IFN-a group the me
dian DFS was 32 months as compared to 19 
months in the control group (p = 0.0033). 
Analysis of IFN -a in association with initial 
cytoreductive treatment showed a more 
beneficial outcome for PmM plus IFN-a 
with an estimated median DFS of 43 months 
as compared to 27 months for COP plus IFN
a. These data indicate a significant prolon
gation of DFS by IFN-a maintenance and 
suggest that this effect is related to the effica
cy of initial cytoreductive chemotherapy. 

Introduction 

Low-grade lymphomas comprize a heterog
enous groupe of disorders that are charac
terized by a prolonged clinical course and a 
low proliferative activity. Recent molecular 

1 Dept. of Hematology and Oncology, University of Giittingen, Germany 
2 Dept. of Hematology, Kantonspital, Basel, Switzerland 
3 Dept. of Hematopathology, University of Kiel, Germany 
4 Dept. of Pathology, University of Berlin, Germany 
5 Dept. of Hematology and Oncology, University of Homburg, Germany 
6 Dept. ofInternal Medicine, University Munster, Germany 
7 Dept. of Hematology and Oncology, University of Tubingen, Germany 
8 Hospital Essen-Werden, Germany 
9 Dept. of Hematology and Oncology, Rudolf-Virchow-Hospital, University of Berlin, Germany 

10 Dept. of Hematology and Oncology, University of Rostock, Germany 
11 Dept. of Hematology and Oncology, University Hospital Steglitz, Berlin, Germany 
12 Dept. of Hematology and Oncology, University of Munich, Germany 
13 Dept. of Hematology and Oncology, Hospital Minden, Germany 
14 Dept. of Hematology and Oncology, University of Kiiln, Germany 
15 Dept. of Internal Medicine, University of Innsbruck, Austria 
16 Dept. of Hematology and Oncology, Marienhospital, Hagen, Germany 
17 Dept. of Oncology, Sahlgren Hospital, Giiteborg, Schweden 

1163 



and cytogenetic techniques have provided 
new insights into the pathogenesis of these 
diseases. Hence, centroblastic-centrocytic 
(CB-CC) lymphomas frequently reveal a 
translocation between chromosomes 14 and 
18 [t(14;18)] which leads to the association 
of the bcl-2 gene with the gene for the immu
noglobuline heavy chain. This translocation 
induces an over expression of the bcl-2 
product and a prolongation of apoptosis [1, 
2,3]. Centrocytic (CC) or mantle cell (MCL) 
lymphomas are associated with the translo
cation t(11;14) which leads to a deregulation 
of the cycline D 1 gene and an expansion of 
cells from the lymph node mantle zone [4,5, 
6]. 

Despite of the increasing knowledge 
about the pathogenesis of malignant lym
phomas, little progress has been achieved in 
their treatment. The prognosis of patients 
with low grade lymphoma has almost re
mained unchanged over the past decades. 
The median survival of patients with CB-CC 
lymphomas is in the range of 5-8 years while 
the median live expectancy for patients with 
CC or MCL lymphomas amounts to approx
imately 3 years [7,8,9,10,11]. 

In order to develop new therapeutic per
spectives for patients with CB-CC and CC 
lymphomas the German Low Grade Lym
phomas Study Group embarked on a pros
pective randomized study evaluating the ef
ficacy of two different cytoreductive regi
mens followed by a second randomization 
two assess the impact of interferon alpha 
maintenance therapy in responding cases 
[12]. 

Patients, Treatment Protocol and Methods 

Patients at ages 18-75 with previously un
treated CB-CC and CC lymphomas of ad
vanced stages were eligible for the current 
study. While patients with centrocytic lym
phomas were entered on therapy immedi
ately after diagnosis, cases with CB-CC lym
phomas were eligible only under the follow
ing prerequisites: 
- presence ofB-symptoms and/or 
- impairment of hematopoesis with 

< 1500/mm3 granulocytes and/or 
- < 100.000/mm3 thrombocytes and/or 
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Fig. 1. Low-grade non-Hodgkin-lymphomas at ad
vanced stages 

- < 10.0 gIl hemoglobin and/or 
- progressive disease and/or 
- bulky disorder 

The conduct of the study is depicted in Fig. I. 
It thus comprises the prospective random
ized comparison of the efficacy of standard 
cyclophosphamid, vincristine, prednisone 
(COP) with the anthrachinone containing 
combination of prednimustine, mitroxan
trone (PmM). In patients responding to ei
ther one therapy a second randomization 
was performed to assess the impact of inter
feron alpha maintenance on disease free sur
vival as compared to no further treatment. 

The COP combination comprized cyclo
phosphamide 400 mp/m2 per day, day 1-5, 
vincristine 1.4 mg/m per day (max. 2.0 mg) 
day 1 and prednisone 100 mg/m2 per day, 
days 1-5. This treatment was repeated every 
3 weeks. 

The PmM regimen consisted in predni
mustine 100 mg/m2/day, days 1-5 and mi
troxantrone 8 mg/m2/day, days 1 and 2. 
PmM cycles were repeated every 4 weeks. 

Boths protocols were applied for a maxi
mum of 6 courses. In patients achieving a 
complete or partial remission two further 
courses were applied for consolidation. 



Patients who were subsequently random
ized for interferon maintenance were given a 
dose of interferon of 5 Mill. U. 3 x per week. 
The dose of interferon was adjusted to side 
effects and was sequentially reduced to a 
minimal dose of 1 Mill U. 3 x per week. 

Results 

Between May 1989 and July 1996 525 pa
tients entered the study; 412 suffered from 
CB-CC lymphomas while 86 patients were 
diagnosed as CC lymphomas. At the time of 
evaluation 352 cases were fully evaluable. As 
depicted in Table 1, both regimens achieved 
comparable overall response rates of 85% af
ter COP and 86% after PmM.PmM,however, 
resulted in a significantly higher rate of 
complete remissions (35% versus 21 %, P < 
0.05). 

From the 281 patients that achieved com
plete or partial remissions 247 patients 
underwent the second randomization for 
interferon versus observation only. Both 
study arms were well balanced for histologic 
subtype, age distribution, stage of disease, 
type of initial chemotherapy and remission 
rate (Table 2). 

At the time of evaluation in November 
1996 the median event free interval was 23 
month for all patients with a projected dis
ease free survival of 30% at 5 years. In patients 
receiving interferon maintenance the median 
event free interval was 32 months and hence 
significantly longer as in the control group 
with 19 months (p = 0.0033) (Fig. 2). 

A separate analysis of CB-CC and CC lym
phomas indicated a beneficial effect of inter
feron alpha maintenance for both subtypes. 
The difference to the observation only group 
was significant for CB-CC lymphomas and 
did not reach statistical significance in CC 
lymphomas due to the low number of pa
tients entered. 

Interferon alpha maintenance was well 
tolerated. Major side effects comprized gra
nulocytopenia and flue like symptoms. 
These side effects were usually of mild to 
moderate degree and less than 30% of pa
tients terminated treatment due to intoler
able side effects within the first 3 years of ap
plication. 

Table 1. Initial therapy with PmM versus COP fol
lowed by Interferon alpha versus observation 

COP PmM 

n 160 (100%) 183 (100%) 
CR 34(21%) 59 (35%) 
PR 102 (64%) 86 (51 %) 
NC 7(4%) 6(4%) 
PD 14 (9%) 17 (10%) 
EX 2(1%) 2(1%) 

Table 2. Interferon alpha versus observation stratifi
cation criteria 

IFN Observation 

n 119 128 

Age < 60 years 73 81 
Age ~ 60 years 46 47 
FCL 94 97 
MCL 22 25 
COP 52 59 
PmP 57 60 
CR 41 44 
PR 65 69 

Discussion 

The present study of the German Low Grade 
Lymphoma Study Group addressed two ma
jor questions in the treatment of low grade 
lymphomas on the basis of prospective ran
domized comparisons. The first approach 
comprizes the cytoreductive efficacy of COP 
versus PmM which showed no differences in 
the overall response rates but a significantly 
higher rate of complete remissions after 
PmM. The second major question addressed 
the impact of interferon alph maintenance 
on the disease free survival. In this study 
interferon alpha maintenance was given 
without a timely limitation until relapse or 
untolerable toxicity. The obtained results in
dicate that interferon alpha maintenance is 
well tolerated and can be applied for a pro
longed period of time exceeding 3-5 years. 
Interferon alpha maintenance resulted in a 
significant prolongation of the disease free 
intervall and reduced the risk of relapse to 
less than 50% as compared to a control 
group. 

A beneficial effect of interferon alpha 
maintenance was also shown by other 
groups [13, 14, 15, 16]. In all other studies 
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Fig.2.German low grade NHL study group, Interferon-alpha maintenance vs. observation 

Fig.3.German low grade NHL study group, Interferon-alpha maintenance vs. observation 

interferon alpha maintenance was, however, 
terminated after a period of 12-18 months. 
This strategy led to an increased relapse rate 
after the termination of interferon alpha 
maintenance and a narrowing of the disease 
free survival curves after 3-5 years. In con
trast to these results the disease free interval 
of the present study remained superior for 
interferon alpha maintenance at 4-5 years 
still. This result strongly suggests that inter-
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feron alpha maintenance allows a prolonged 
suppression of residual low grade lympho
mas and inhibits the regrowth of residual tu
mor cells. 

Based on the current results, initial cytor
eductive chemotherapy with subsequent 
interferon alpha maintenance must be con
sidered as standard therapy for patients 
with low grade lymphomas ~t advanced 
stages. 
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In spite of these encouraging results fur
ther improvements are required. These in
clude the assessment of more effective initial 
cytoreductive regimens, an optimisation of 
interferon alpha maintenance and the evalu
ation of a potentially curative approach in
cluding myeloablative radio-chemotherapie 
with subsequent stem cell transplantation 
[17, 18, 19,20,21]. These questions are ad
dressed by the most recent trials of the Ger
man Low Grade Lymphoma Study Group 
(Fig.3) 
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Quantitative Assessment ofthe Impact of Interferon Alpha (IFN) vs. 
Busulfan vs. Hydroxyurea and of Risk Profile on Survival in Chronic 
Myelogenous Leukemia (CML) 

R. HEHLMANN 1, A. HOCHHAUS I, U. BERGER I, H. SKLADNy l , J. HASFORD2 

Abstract. All randomized studies have shown 
that IFN prolongs life as compared to con
ventional chemotherapies. The prolonga
tion of survival varies between 11 and 21 
months. As an example, the updated German 
CML Study I (IFN vs. hydroxyurea vs. busul
fan, median observation time 7004 months) 
is shown [significant survival advantage of 
IFN over busulfan (p = 0.007) and of hydro x
yurea over busulfan (p = 0.05), but not of 
IFN over hydroxyurea (p = 0.24)]. The incre
ment of survival by therapy in all studies is 
small. Overall survival differs between stud
ies and depends on patient selection, phase 
of CML in which IFN therapy is started, 
strategy of IFN therapy (monotherapy or 
IFN combinations) and intensity of treat
ment with hydroxyurea. If studies are 
ranked according to risk profile, those with a 
higher proportion of good risk patients ob
serve longer overall survival. If stratified for 
risk profile, survival differences, in analyzed 
instances, disappeared. Additional informa
tion gained from a comparison of the proto
cols of the German and Italian randomized 
studies shows that IFN is most effective in 
patient populations that 
1. include early asymptomatic cases, 
2. exclude cases with more than 10% circu

lating blasts or extramedullary manifesta
tions and, 

3. exclude patients older than 70 years. 
The emerging evidence is that IFN is superi
or in early phase CML and less effective in 

later chronic phase whereas hydroxyurea is 
more effective in later chronic phase. The 
impact of risk profile on survival overrides 
that of drug therapy by a factor of about two. 
Depending on the composition of the pa
tient population the life prolonging effect of 
IFN is therefore more or less visible or ob
scured. Optimal management of CML has to 
consider that 
1. IFN prolongs survival in the majority of 

CML patients, 
2. IFN and hydroxyurea are both superior to 

busulfan, 
3. hematologic and cytogenetic remissions 

both are important time dependent pre
dictors of survival, 

4. an early start of IFN therapy is advanta
geous,and 

5. efficient reduction of tumor burden corre
lates with survival. 

This indicates that an intensification of 
treatment, e.g. as with idarubicin and ara C, 
or with high dose chemotherapy followed by 
auto grafting might achieve further prolon
gation of survival as studied by the ongoing 
German CML Study III. 

Introduction 

All randomized studies have shown that IFN 
alpha prolongs life as compared to conven
tional chemotherapies. The prolongation of 

I III Medizinische Klinik, Klinikum Mannheim, Universitat Heidelberg, Germany 
2 Institut fiir Medizinische Informationsverarbeitung, Biometrie und Epidemiologie, 

Universitat Miinchen, Germany 
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Fig.2. Update of German CML-study I analyzing complete hematologic IFN responders vs. partial and non
responders as of 5/96. Time to response is corrected for according to the method of Simon and Makuch [11] 

survival varies between 11 and 21 months 
[1-4]. As an example of an outcome of these 
studies, the updated survival curves of the 
German CML study I are shown. The incre
ment of survival by therapy is small, but sig
nificant if IFN, or hydroxyurea, is compared 
with busulfan (Fig. I). Complete hematolog
ical IFN -responders have a significant survi
val advantage over partial or non-respond
ers (Fig. 2). This observation was also made 
by others [2,3] indicating that hematological 
response is a good, probably the best, time 
dependent prognostic factor. Also cytoge
netic IFN -responders have a survival advan-
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tage over non-responders (Fig. 3). The dif
ference is not yet significant in the German 
study but a trend is recognized in agreement 
with observations by others [2,3]. Cytoge
netic response was preceded by complete 
hematological remission in all cases. In 
agreement with earlier observations [5], 
these findings indicate that effective reduc
tion to tumor load correlates with better dis
ease control and longer survival. 

Overall survival differs between studies 
and apparently depends on patients selec
tion, phase of CML at which IFN therapy is 
started, strategy of IFN therapy (monother-
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Table 1.Risk profiles in CML patient populationsand correlation with survival.(Published studies on interfer
on-a-treated Philadelphia positive CML patients) 

Study Patients Median 5-year- Risk profile (Sokal) Risk index 
on IFN -u survival survival Low Intermediate High (n low risk / 
n (months) (%) n (%) n(%) n(%) nhighrisk) 

Mahon et al.1996 [12] 81 n.a. >77 

Kantarjian et al. 1995 [13] 274 89 63 

Italian group 1994 [2] 218 72 60 

Ohnishi et al. 1995 [4] 80 n.a. 54 

Hehlmann et al. 1994 [1] 133 66 59 

Shepherd et al.1996 [14] 267 63 54 
Kloke et al.1993 [8] 62 n.a. n.a. 

Alimena et al. 1988 [6] 35 n.a. n.a. 
Guilhot et al.1991 [15) 24 n.a. n.a. 
Thaleretal.1991 [16] 44 n.a. n.a. 
Benelux study 1996 [17] 97 n.a. n.a. 

n.a. = not available 

apy or IFN in combination) and the intensity 
of treatment in the hydroxyurea control 
group. If studies are ranked according to risk 
profile, studies with a higher proportion of 
good risk patients observe longer overall 
survival (Table 1). If stratified for risk pro
file, survival differences disappeared in ana
lyzed instances. In a comparison of the pro
tocols of the German and Italian random
ized studies with exchange of data bases, dif
ferent patient populations resulting from 
different entry criteria of protocols were 
identified as the major reason for differ-

39 (48%) 32 (40%) 10 (12%) 3.90 
124 (52%) 59 (25%) 54 (23%) 2.30 
94 (43%) 72 (33%) 52 (24%) 1.81 
29 (37%) 26 (33%) 23 (30%) 1.26 

36 (27%) 47 (35%) 50 (38%) 0.72 
67 (25%) 89 (33%) 111(42%) 0.60 
32 (52%) 18 (29%) 12 (19%) 2.67 

16 (46%) 12 (34%) 7 (20%) 2.29 
8 (33%) 12 (50%) 4 (17%) 2.00 

19(43%) 15 (34%) 10 (23%) 1.90 
29 (30%) 40 (41 %) 28 (29%) 1.04 

ences in study outcome. If the patient popu
lations of the Italian and German studies 
were adjusted according to the entry criteria 
of the protocols, survival differences in the 
IFN arm disappeared. Differences in therapy 
such as IFN dosage and intensity of HU 
treatment were of only minor relevance. The 
additional information obtained from the 
comparison of the Italian and German stud
ies suggests that IFN is most effective in pa
tient populations that include early asymp
tomatic cases, exclude patients with extram
edullary manifestations or peripheral blast 
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counts of more than 10%, and exclude pa
tients older than 70 years. In agreement with 
earlier observations [6,7] evolving evidence 
indicates that IFN is superior in early phase 
CML, whereas HU is more effective in later 
and accelerated phases. 

Depending on the risk profile and on the 
composition of the patients population the 
life prolonging effect of IFN is more or less 
visible or obscured. Since the impact of risk 
profile on survival is frequently not, or not 
sufficiently, considered in reports on survi
val times in CML, it appeared of importance 
to quantify the relative impact of risk profile 
and of therapy on survival in CML. 

Results 

In order to quantify the relative impact of 
risk profile and of therapy on survival, the 
updated German CML Study I was used 
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Fig.4 A, B. Impact of risk pro
file and of drug therapy on 
survival. A Therapy, BRisk 
profile. 

which compares IFN, hydroxyurea and bu
sulfan in a randomized phase III trial. Me
dian observation time was 7004 months. For 
quantification of the impact of risk profile 
and therapy, the survival curves stratified 
for risk profile and for therapy were com
pared (Fig. 4). It is evident from the figures 
that the impact of risk profile at diagnosis is 
greater than that of therapy. The survival 
difference between high and low risk 
groups is with 40 months twice the maxi
mum difference between therapy groups 
which is 20 months (Table 2). A similar re
sult is found in all risk groups according to 
Sokal and in all therapy groups (Table 3). If 
the risk groups are stratified according to 
therapy and if the therapy groups are strati
fied according to risk profile, the maximal 
survival differences between risk groups 
are also about twice the maximal survival 
differences between therapy groups. This is 
illustrated in Fig. 5. 



Table 2. Relative impact of risk profile and therapy on survival in CML 

Median Median 
Risk group survival survival 
(Sokal) (months) Therapy (months) 

Low 79 IFN 65 
Intermediate 54 HU 56 
High 39 Bu 45 

Max. survival 
difference 40 20 

Table 3. Relative impact of risk profile and therapy on survival 

Median survival (months) 

Risk groups Busulfan Hydroxyurea Interferon-a Max. 
(Sokal) 
Low 
Intermediate 
High 

Difference 
low-high 

40 

35 

30 
rJl >25 
-= 25 
t: 

~ 20 

15 

10 

5 

0 
low 

71 
45 
33 

38 

between therapy groups 
(maximum d ifference) 

interm. 

difference 
78 > 96 > 25 
58 65 20 
40 56 23 

38 > 40 

between low and high 
risk groups 

>40 38 38 

23 

hiQh IFN HU Bu 

Fig.5.Survival differences between risk and therapy groups according to Sokal's index 

Several studies have reported that Sokal's in
dex is less effective in IFN treated patients 
[1,8,9]. As an example the survival curves of 
the German IFN and chemotherapy treated 
patients classified according to Sokal's index 
are shown (Fig. 6) . It is evident that the sep
aration in the IFN group is not satisfactory. 
Therefore a new score that is more effective 
in IFN patients was also used. This new score 

uses age and spleen size which are used also 
by Sokal's index, and in addition sex, eryth
roblasts and circulating eosinophils [10] . 
The new score classifies IFN patients better 
than Sokal's index whereas chemotherapy 
patients are classified equally well (Fig. 7). 
Preliminary validation of the new score with 
an unpublished, ongoing study of our group 
also shows that the new score classifies IFN 
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and chemotherapy-treated patients equally 
well. Application of the new score confirms 
that the impact of risk profile at diagnosis on 
survival overrides that of therapy by a factor 
of about 2. It is important to note that, in 
spite of the lower impact of therapy as com
pared to risk profile, survival is prolonged 
by therapy in each risk group as shown in 
Fig. 8. 

Conclusions 

We conclude that 
1. Risk profile at diagnosis is still more im

portant for survival than drug therapy in 
all risk groups. 

2. Therapy prolongs survival in all risk 
groups. 
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Fig.6.Prognostic discrimina
tion by Sokal's index of IFN
and chemotherapy treated 
CML patients 

3.IFN prolongs survival in the majority of 
patients with CML and is most effective 
early in the course of the disease. 

4. lFN and HU are both superior to busulfan. 
5. Hematologic and also cytogenetic remis

sions are both important time dependent 
predictors of survival under lFN-thera
py. 

6. lFN and HU appear most effective, if they 
aim at normal or low normal WBC 
counts. 

7. Efficient reduction of tumor burden cor
relates with better disease control and 
with longer survival suggesting that an 
intensivation of therapy, e.g. , by addition 
of intensive or high dose chemotherapy 
might further prolong survival in CML. 
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Introduction 

Interferon has been used for many years in 
the treatment of multiple myeloma. This 
paper aims to provide an overview of clini
cal studies of Interferon (IFN) in multiple 
myeloma (MM), its biological activity in the 
disease and the impact of its use on known 
prognostic factors. 

Clinical Studies of IFN Alpha in MM 

In 1979 the first trial of IFN ex as single agent 
in the treatment of MM was published [1]: 
all four patients responded. Response rates 
from subsequent trials enrolling more than 
20 patients ranged from l3.5 to 50% [2-4] 
demonstrating that IFN ex had definite sin
gle agent activity against MM, albeit less 
than that of conventional chemotherapy [5]. 
A recent meta-analysis of randomised stud
ies of combined chemotherapy and IFN in
duction treatment has shown a statistical 
improvement in response rate, progression 
free and overall survival for the addition on 
IFN to chemotherapy [6]. 

Intuitively, it might be expected that bio
logical response modifiers would exert their 
greatest effect where the tumour burden is 
relatively low - minimal residual disease and 
complete remission. Seven randomised 
studies of Interferon ex as maintenance ther
apy following chemotherapy have been re-

ported to date, 6 following conventional in
duction regimens [6, 11] and one following 
high dose Malphalan and autologous bone 
marrow rescue [12] and these results are 
summarised in Table 1. Two studies showed 
an overall survival advantage, whilst two 
showed neither survival nor remission pro
longation benefits. The remainder showed 
improvements in progression free survival 
(PFS) but not overall survival (OS). We have 
previously reported the results of a random
isation of 84 patients to 3 mega units/m2 

Interferon ex thrice weekly following high 
dose Melphalan and autologous bone mar
row rescue and have shown a prolongation 
in the duration of remission for those ran
domised to IFN of 19 months when com
pared to that of controls who had a PFS of27 
months (p = 0.03). Initial analyses suggested 
a survival benefit but with longer follow up 
this has disappeared: patients who relapsed 
on the control arm have often subsequently 
received Interferon (17/31) whereas those 
relapsing on the active treatment have rarely 
received further IFN (4/24). This cross over 
may explain the lack of an overall survival 
benefit and the overall deterioration of the 
significance of the results in all aspects of 
this trial. 

An important point was that the PFS ad
vantage was confined to those achieving 
complete remission following high dose 
treatment: those achieving partial remission 
or no response, had no prolongation of re-
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Table 1.Summary ofIFN maintenance studies 

Study Year Number Response 
criteria 

Mandelli 1990 101 OR=>50% 
reduction 

Westin 1995 125 RMH 

Ludwig 1996 100 SWOG 

Browman 1995 176 >50% red. 

SWOG 1994 193 SWOG 

Peest 1995 117 >25% red. 

Powles 1993 84 RMH 

mISSIOn with maintenance Interferon. We 
define complete remission patients as those 
with no measurable para protein or Bence
Jones protein and with less than 5% marrow 
plasma cell involvement in the bone marrow 
and thus such patients have very low disease 
burdens. A proportionately greater benefit 
for those with relatively low disease burdens 
has been confirmed in other studies. Westin 
et al. using the same response criteria, 
showed that the magnitude of prolongation 
of plateau phase was greater for those 
achieving complete remission as opposed to 
those in partial remission [8]. Although they 
showed no overall survival advantage there 
was a clear trend towards a difference in sur
vival in those with complete remissions 
when compared with those achieving partial 
response (43/12 vs. 22/12 respectively). 

In the first published randomised study of 
maintenance Interferon (IFN) Mandelli et 
al. showed that the benefit ofIFN in prolong
ing both PFS and OS was seen only in pa
tients responding to induction therapy [7]. 

A recent report from the Nordic myeloma 
study group randomising patients to IFN or 
no IFN at the start of induction therapy with 
Melphalan and Prednisolone demonstrated 
an improvement in maintenance of response 
and prolongation of plateau phase duration 
only in patients achieving at least a partial 

Progression free Overall Survival Reference 
survival 

26112 vs.14112 52/12 vs. 39112 [7] 

p= 0.0002 p< 0.05 
60/52 vs. 25/52 35/12 vs. 36/12 [8] 
p= 0.0001 ns 
CR88/52 CR43112 
PR66/52 PR22/12 

18112 vs. 8/12 51112 vs. 34112 [6] 
p< 0.01 p< 0.05 
17112 vs. 12112 44/12 vs. 33/12 [9] 
p=0.003 p= 0.049 
12/12 vs.11112 32112 vs. 38112 [10] 
ns ns 

13112 vs. 13112 41112 vs. 46112 [11] 
ns ns 

46112 vs. 27112 Not reached [12] 
p=0.003 

response with no benefit in the minor re
sponders [13]. Thus there is persuasive evi
dence that IFN a is of valve for those patients 
achieving significant reductions in myeloma 
cell mass and consequently low residual tu
mour burdens. Two studies however have 
failed to show any benefit from maintenance 
Interferon. In the trial of Peest et al. [11] only 
31 % of 52 patients treated with Interferon 
had a reduction of para protein by 75% and 
the negative results here may well have been 
due to the inclusion of a significant number 
of patients with relatively large residual tu
mour bulks. The negative results from a 
South Western Oncology Group Study [10] 
are more difficult to explain as the SWOG 
define responders as those with a greater 
than or equal to 75% reduction in tumour 
mass on two readings, one month apart. Al
though this would include patients achiev
ing only a short lived partial remission as 
defined by the Royal Marsden Hospital cri
teria, other studies have shown that patients 
achieving partial remission do obtain bene
fit. There was no separate analysis of PFS or 
OS according to degree of response. Finally 
differences in dosing are unlikely to be of 
major importance as the two studies show
ing an overall survival advantage used rela
tively low doses of 3 MfL and 2 MfL/m2 thrice 
weekly. 
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Due to the positive results of our random
ised study we now routinely offer Interferon 
maintenance following induction and con
solidation chemotherapy. An analyses of 195 
newly diagnosed patients being treated at 
the Royal Marsden Hospital has shown that 
141 patients received some form of high 
dose consolidation; 112 received high dose 
Melphalan with 90 of these receiving autolo
gous bone marrow and 22 receiving periph
eral blood stem cell rescue; 57/141 high dose 
patients received maintenance Interferon 
initially as part of the randomised study. Al
though not a randomised comparison, it is 
interesting to see that of those patients re
ceiving Interferon following high dose treat
ment had significant improvements in pro
gression free survival over those having no 
maintenance therapy (median PFS 44/12 as 
against 21112). There was also a trendforim
proved survival which did not reach signifi
cance. At present we routinely use peripher
al blood stem cell rescue following first high 
dose consolidation. A comparison of 37 pa
tients receiving IFN following autologous 
bone marrow transplant with 39 patients 
undergoing peripheral blood stem cell 
transplant, demonstrated no difference in 
tolerability of Interferon with respect to 
dose modification, breaks in treatment or 
discontinuations with very similar toxicity 
profiles and almost identical median times 
to commencement of maintenance therapy 
following the high dose procedure [14). 

The Biological Effects of IFN Alpha in MM 

IFN ex has diverse biological activities. Its ef
fects on immune effector cells may underlie 
some of its anti-myeloma activity. It increas
es expression of class I MHC and this may be 
relevant to T cell mediated immune surveil
lance. IFN increases NK cell activity and 
causes differentiation of pre NK cells to ma
ture functional cells [15). Such immunomo
dulatory activities are crucially dependent 
upon the presence of accessory cells in the 
micro environment. 

Einhorn et al. showed that IFN ex had di
rect cytotoxicity against MM cells indepen
dent of these accessory cells and also that 
this was independent of simple inhibition of 
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cellular multiplication as measured by tri
tiated thymidine incorporation (their cell 
populations had little proliferative activity) 
[ 16). Although the molecular basis of this cy
totoxicity is still not fully understood, there 
are two potential mechanisms. 

The pathogenetic role of IL-6 in MM has 
long been an area of controversy. However, 
Hata et al. have demonstrated IL-6 produc
tion by less mature MM cells by examination 
of cell populations and individual cells [17). 
Terminally differentiated cells lose IL-6 re
sponsiveness via a loss of the IL-6 receptor 
and also no longer express IL-6. IL-6 lack 
leads to apoptosis of even cell lines indepen
dent of exogenous IL-6 [18). Other cells in 
the marrow micro-environment, particular
ly monocytes and osteoblasts, produce IL-6 
which may stimulate MM cell growth via a 
paracrine mechanism. 

Epstein has proposed a model whereby 
immature proliferating MM cells respond to 
IL-6 via an autocrine loop and upon differ
entiation respond further to paracrine IL-6 
as MM cell IL-6 expression is lost [19). Final
ly fully mature MM cells may become inde
pendent of IL-6 upon loss of the IL-6 recep
tor and as suggested by in vitro experiments 
[20). Anthes et al using the U266 cell line 
which is maintained in part by an autocrine 
IL 6 loop, showed that exposure to IFN ex re
duced tritiated thymidine incorporation 
whilst actually increasing IL-6 production 
[21). There was a dose dependent reduction 
in IL-6 binding sites but maintenance of 
binding site affinity. Although effects on re
ceptor shedding and internalisation were 
not investigated, reduction in IL-6 receptor 
number was suggested by a lack of competi
tive binding ofIFN for the IL-6 receptor. This 
may be at the level of IL-6 receptor messen
ger mRNA translation: if anything there was 
a slight increase in IL-6 receptor message. 
An effect on E1F-2A transcription may play 
a part. 

Although structural abnormalities of the 
c-myc are rare in MM [22), the gene product 
is expressed at high levels even in terminally 
differentiated plasmacytoid cells with a low 
mitotic rate (reviewed in [19)). Most tran
scription takes place off of the PI or P2 pro
moter with only 5% arising from the 5' PO 
promoter. However in 70% of MM cells from 



patients, transcription is initiated from Po 
and Po usage can be driven by a combination 
of IL-2 and Il-6. There are two extra open 
reading frames in Po transcripts and these 
may be of relevance in pathogenesis. Kimci 
et ai. have demonstrated that Interferon 
causes down regulation of c-myc and such 
cells at rest in Go Gt • [23]. This is precisely the 
state of MM cells during plateau phase and 
may underlie the effect of Interferon in 
maintaining remissions [24]. c-myc is also 
crucially involved in apoptosis. In Burkitt 
lymphoma cells IFN inhibits ionomycin in
duced apoptosis by causing a marked de
crease in c myc message [25]. Sangfelt et ai. 
have shown that the MM cells of 8/9 re
sponders to IFN a either had no or weak Bcl-
2 immunoreactivity and that IFN respon
siveness was correlated with low Bcl-2 ex
pression [26]. Bcl-2 expression independent 
of major structural rearrangements at the 
gene locus, is seen in 75% of MM patients 
and may counteract any c-myc induced pro
apoptotic drift. 

The Effect of IFN on ~2m Estimations 

Since the initial report of Norfolk et ai. in 
1979 [27] there have been numerous studies 
investigating the usefulness of p2m estima
tions in the management of patients with 
MM. Its use as a prognostic factor at presen
tation is well established. Bataille demon
strated a tight association between high pre
senting values and early death and also sig
nificant survival differences between both 
patients with normal renal function and 
those patients with the same Salmon and 
Durie stage when stratified for initial 132m 
[28]. Although some studies are negative 
[29] a number of recent analyses show that 
Beta 2m has the greatest prognostic power 
amongst several variables in multi variate 
analysis [30-32]. 

Beta 2m also correlates with initial Sal
mon Durie stage although it is difficult to 
predict stage from Beta 2m in any individual 
patient [29]. 

The value of serial Beta 2m estimations 
has been less fully evaluated. Garewal et ai. 
suggested a tight correlation between serial 
Beta 2m and M protein changes. In two pa-

tients Beta 2m predicted for early rapid pro
gression more accurately than the M-pro
tein [33]. Patients with serial plateau phase 
estimations below 5.7 mg/l had a favourable 
outcome compared to early relapse in those 
failing to achieve stable plateau phase values 
ofless than 5.7 mg/I. Furthermore, high p2m 
at relapse is strongly associated with a ful
minant course. Batailles' study also demon
strated the association between values at re
lapse and subsequent clinical course and the 
enhanced accuracy over M-protein of de
tecting fast progressive disease early on in 
the course of treatment. There was a clear 
statistical difference in survival for 36 pa
tients in plateau phase when grouped ac
cording to maximum P2 response «2, >2 
<3, >3). This study strongly suggested that 
the prognostic usefulness of beta 2m was not 
only to limited to presentation but extended 
to plateau phase and relapse. This conclu
sion was challenged by Boccadero et ai. in an 
analyses of 21 patients [34]. In 11 there was a 
tight correlation between 132m and M-pro
tein during remission and at relapse. In 6 the 
132m was not raised at diagnosis and in 2 of 
these it subsequently accurately predicted 
for relapse. Only 2 patients had elevated 
132m throughout remission with no further 
increase upon relapse. However an analyses 
of 512 patients reaching plateau phase in the 
MRC 4th and 5th myelomatosis trials, clear
ly showed that 132m during plateau was a 
strong predictor of subsequent outcome al
though only for the subsequent 2 years [35]. 

In summary, p2m estimation provide 
powerful prognostic information at presen
tation and correlates with initial stage are 
accurate predictors of early progression and 
have continued prognostic power during 
plateau phase, and values at relapse accu
rately predict the subsequent clinical course. 

As an immunomodulator, IFN has effect 
on cytokines and acute phase protein ex
pression. Only one study to date has investi
gated the effects of IFN on p2m levels[36]. 
Eight patients were given IFN for 1-2 weeks 
prior to chemotherapy and serial assays 
were formed. All patients demonstrated a 
rise in Beta 2m ranging from 29% to 185% 
(mean 109%) above pre treatment values 
with a peak in the first week in 6 and a fall 
back towards pre treatment values. Mem-
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brane ~2m levels increase in mononuclear 
cells exposed to Interferon [37] and IFN a 
enhances its release from myeloma cells 
[38]. 

We wished to assess the effect of IFN on 
P2M levels in a large cohort of patients and 
selected 143 patients either in CR at high 
dose of subsequently entering CR following 
high dose consolidation. Thus all patients 
had undergone a high dose procedure re
moving any bias that the procedure per se 
may have had on P2M levels. As mentioned 
above, complete remission patients are de
fined as having no detectable M-protein and 
Bence-Jones protein and less than 5% plas
ma cells in the bone marrow and thus are an 
ideal cohort to follow the effects of IFN rela
tively independently of significant variation 
in tumour burden-all patients had effective
ly minimal residual disease. As the p2m pro
vides prognostic information at various 
points during the course of treatment p2m 
values for those on and those not on IFN 
were compared at attainment of remission, 
after 3,6, 12 and 24 months of stable com
plete remission and at subsequent relapse 

There were very significant differences in 
p2m values at all of these time points with 
IFN increasing p2m over values in the non 
IFN treated group. All of these differences 
were highly statistically significant. 

High p2m at relapse may be due to an in
creased number of fulminant relapses with 
subsequent early death. Therefore, we 
looked at deaths within 3 months following 
relapse: there was one within each group. As 
plateau ~2m of greater than 3 mg!l predicts 
for poor outcome [29] (all plateau values on 
Interferon were greater than 3 mg!l and all 
not on Interferon were less than 3 mg!l) we 
performed a life table survival analysis of 
the two groups - those receiving IFN (58 pa
tients) at or after CR and those not receiving 
Interferon (85 patients) - to ensure that the 
higher p2m values were not indicating a 
worse outcome. There was clear separation 
in the survival curves in favour of the IFN 
treated group. Too much emphasis should 
not be placed on these survival differences 
as this was not a prospective randomised 
comparison and no attempt was made to 
stratify the prognostic variables at presenta
tion. However all patients were in complete 
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remission and clearly differences in the seri
al p2m estimations between the two groups 
was not due to the Interferon group having a 
worse overall outcome. 

Thus, IFN has a significant impact on p2m 
levels at all stages where p2m has prognostic 
value thus making its use in those on IFN 
problematic. Coupled with the fact that 
Interferon is more efficient at inhibiting M 
protein excretion than the proliferation of 
MM cells[39],it suggests that different prog
nostic factors need to be identified for the 
optimal assessment of MM patients taking 
Interferon. 
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Abstract. Although IFN maintenance treat
ment is routinely used in many myeloma 
treatment centers, its clinical efficacy is still 
a matter of controversy. IFN, a biologic re
sponse modifier, inhibits myeloma cell 
growth and stimulates important functions 
of the immune system. Randomized clinical 
trials have yielded ambiguous results re
garding improvements of remission dura
tion and survival times. However, a meta
analysis of all available randomized studies 
which compared IFN maintenance treat
ment with untreated controls (involving 
1213 myeloma patients) showed small but 
significant gains in both relapse-free and 
overall survival. Several studies report bene
ficial effects of IFN maintenance treatment 
after high-dose therapy with autologous 
bone marrow or stem cell transplantation. 
The most frequently observed adverse ef
fects of IFN maintenance therapy are fever 
and flu-like symptoms, which mainly occur 
during the early treatment phase, and fa
tigue. When patients are given the opportu
nity to state their personal preferences, the 
majority of them will opt for IFN mainte
nance treatment if the expected median 
gains in relapse-free or overall survival are 6 
months or more. Patients who agree to the 
treatment tend to be younger, to have had 
personal experience with IFN, and to be in 
more advanced myeloma stages. We recom
mend IFN maintenance treatment in myelo
ma patients with low tumor burden, such as 

patients in complete remission after high
dose treatment and bone marrow or periph
eral stem cell transplantation. 

Introduction 

Interferon-a (IFN) is the therapeutic agent 
which has most recently been added to the 
therapeutic armament against myeloma. Af
ter successful induction treatment of myelo
ma patients, the kinetics of myeloma growth 
show a plateau phase which should be re
tained as long as possible. It is known that 
IFN is able to arrest to some degree tumor 
cells in the resting phase of the cell cycle [1]. 
In addition, non-cycling tumor cells are con
sidered particularly responsive to the anti
proliferative activity of IFN [2]. For these 
reasons, IFN is expected to prolong the 
maintenance phase of multiple myeloma. 

Although many treatment centers use IFN 
already routinely during the maintenance 
phase of myeloma treatment, opinions 
about its benefits are still controversial. In 
this present situation, a thorough analysis of 
all available results of clinical trials on the 
use of IFN in maintenance treatment of 
myeloma patients is needed to reveal its clin
ical efficacy. 

1 st Dept. of Medicine and Oncology, Wilhelminenspital, Vienna, Austria 
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Biology of IFN Effects in Myeloma Patients 

Effects on the Proliferative A(tivity of Myloma Cells 

With respect to the treatment of myeloma 
patients, several biologic activities of IFN 
are relevant. Among these, the direct, dose
dependent [3] growth inhibitory effect of 
IFN on myeloma cell lines [4] and on in vitro 
myeloma colony formation [5] seems to be 
particularly important. These effects have 
been observed both in IL-6-dependent and 
IL-6-independent myeloma cell lines [6]. In 
vitro studies have also shown a direct cyto
toxic effect ofIFN on myeloma cells [7]. 

The expression of the IL-6 receptor is 
down-regulated by IFN, and the receptor's 
sensitivity to its ligand is reduced [8]. In a 
few selected cell lines, however, low concen
trations of IFN induced autocrine produc
tion ofIL-6, thus enhancing the proliferation 
of the myeloma cell clone [9]. In other cell 
system, IFN has been reported to down-reg
ulate the expression of the oncogenes c-myc 
and N-ras [10, 11]. This suppression could 
also be induced by IFN in the fraction of 
myeloma patients, in which these oncogenes 
are over-expressed. 

Effects on the Immune System of Myeloma Patients 

IFN is a potent stimulator of several immune 
functions. Its stimulation of the cytolytic ac
tivity of natural killer (NK)-cells [12] and of 
macrophages [13] may be particularly im
portant in myeloma, since NK-cell function 
is markedly reduced in patients with high 
tumor loads [14]. In vitro studies indicate 
the presence of cytolytic T cells in myeloma 
patients which react to autologous myeloma 
cells and possess the potential to lyse them 
[15]. IFN may enhance their activity. In addi
tion, IFN increases the expression of the ma
jor histocompatibility antigens [16] and of 
tumor-associated antigens [15] which may 
facilitate the recognition of tumor cells by 
the immune system. These IFN-induced 
stimulations of immune functions may pro
vide better defences against relapse from the 
plateau phase during the maintenance phase 
of the disease. 
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Effects on Paraprotein Synthesis 

After binding of IFN to its receptor, the 
intracellular signal transduction activates a 
rather complex transscriptional pathway 
[16] which results in modulated expression 
of several genes. These gene modulations ei
ther enhance or suppress the synthesis of 
several proteins. Thus, IFN down-regulates 
monoclonal protein production of cultured 
[17] as well as in vivo myeloma cells during 
long-term treatment [18]. Theoretically, this 
effect could delay the recognition of relapse, 
if remission maintenance was solely judged 
on the basis of a plateau phase of the M-com
ponent. Clincal and laboratory data, how
ever, usually show concordance between the 
M-component level, clinical symptoms, and 
the number of myeloma cells in the bone 
marrow of the patient. 

Clinical Studies on IFN Maintenance 
Treatment 

Randomized Trials Comparing IFN 
Maintenan(e Treatment to "Wait and See" 

IFN maintenance treatment was first inves
tigated by Mandelli et al. in a randomized 
trial involving 101 patients who had 
achieved PR, CR or stable disease after either 
MP orVMCPIVBAP induction therapy [19]. 
Patients were randomized to the IFN arm or 
to a control arm without any maintenance 
treatment. The results of the trial, a signifi
cantly prolonged median remission dura
tion in the IFN arm (26 vs.14 months in con
trols) and improved median survival in pa
tients maintained with IFN (52 vs. 39 months 
in controls), were encouraging. 

A number of clinical trials randomizing 
IFN maintenance treatment and untreated 
controls have subsequently been performed 
[20-26]. Table 1 shows the main characteris
tics of these studies, which partly involved 
relatively large patient populations. Their 
results did not consistently confirm the pos
itive outcome of the first, Italian trial. Al
though in all studies which contained infor
mation on remission duration [20-22, 24, 
25], this period of relapse-free survival was 
always longer in the IFN arm than in pa-



Table 1. Characteristics of randomized trials on interferon maintenance treatment 

First Author No. of Patients Induction regimen Response to IFN dose x 106 

IFN Controls induction (MU/m2/w) 

MRC 143 141 MostlyABCM Plateau phase 5.6 
(unpublished) 
Salmon 97 96 VMCP NBAP or VAD CR 5.6 

or VMCPPNBAPP 

Browman 85 91 MP CR,PR 6.0 
Westin 61 64 MP CR,PR 9.4 
Peest 52 65 MP or VBAMDex CR,PR,SDa 9.4 
Mandelli 50 51 MP or VMCPNBAP CR,PR,SD 14.0 
Ludwig 46 54 VMCP or IFN+VMCP CR,PR,SD 3.8 
Powles 42 42 High-dose M andABMT CR,PR,SD 9.0 
McSweeney 15 18 DHBI CR,PR,SD 5.6 

Total 591 622 

a SD: stable disease. 

tients without maintenance treatment (Fig. 
1), the observed differences reached statisti
cal significance in only a few studies [22,24, 
25], and were minimal in others [20, 23]. 
Substantial increases in survival times were 

also observed in some trials [22,24,25] but 
not in others. Details of these outcomes will 
be presented below. 

Table 1 also shows that Mandelli et aI., 
who achieved one of the best outcomes, used 

Fig. 1. Metaanalysis of ran
domized trials on IFN main
tenance treatment vs. con
trols: relapse-free survival. 
Lengths of shaded bars rep
resent the differences 
between the medians ob
served in the trial arms, 
heights the proportions of 
enrolled patients. The con
necting solid line indicates 
significantly (p < 0.01) bet
ter results in the IFN arm 
than expected from random 
errors of measurement (dot
ted line) 
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the highest IFN dose. The second-highest 
dose, however, was applied by Peest et al., 
who reported negative results, and the low
est dose, employed by Ludwig et al., did 
achieve significant improvements. System
atic investigations of optimal IFN doses dur
ing maintenance treatment are urgently 
needed. 

Another issue which should be systemati
cally investigated, preferably within the 
framework of a metaanalysis, is whether 
there is a limit to IFN benefits during long
term treatment. Reports of patients success
fully maintained in remission by IFN treat
ment for 1 or 2 years [24] are presently based 
on small patient samples only. 

Studies on IFN Maintenance Treatment after High
Dose Therapy and BMT 

Many clinical trials on high-dose treatment 
with autologous bone marrow or peripheral 
stem cell transplantation include IFN main
tenance treatment in their regimens for all 
myeloma patients enrolled [27,28]. Some of 
these studies investigated the efficacy of IFN 
treatment without randomization by uni
variate or multivariate regression analysis of 
prognostic factors. Such a retrospective 
analysis of predictive factors in a multicen
ter European study on 384 myeloma patients 
who had received autologous stem cell 
transplantation, found an association 
between posttransplant IFN treatment and 
improved survival in patients who had 
achieved CR or PR after transplantation 
[29]. 

Several studies have investigated the ben
efits of IFN maintenance treatment in pro
longing survival. A randomized trial com
paring IFN maintenance treatment with un
treated controls was published by a British 
study group [25]. It found significant pro
longations of survival in both complete and 
partial responders, but significant prolonga
tion of remission duration only in patients 
who had achieved CR. It seems that IFN 
maintenance treatment is particularly bene
ficial in myeloma patients with low tumor 
burden. A French study group, however, 
which performed autologous stem cell 
transplantations in 133 myeloma patients 
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[30], found no beneficial effect ofIFN main
tenance treatment with regard to survival. 

A pilot study was undertaken in order to 
determine the feasibility and toxicity of IFN 
as maintenance therapy after allogeneic 
bone marrow transplantation for multiple 
myeloma [31]. The study incorporated 
planned dose escalation of IFN in successive 
patient cohorts from an initial dose of 1 MU 
three times weekly to a target dose of 3 MU 
three times weekly. It showed that the use of 
IFN in myeloma patients early after alloge
neic BMT is associated with a significant 
risk of GVHD, which is dose-related, and 
that the maximum tolerated dose in the ear
ly post-transplant period is 1-2 MU three 
times weekly. 

Combined IFN-Chemotherapy in Myeloma Mainte
nance Treatment 

A prospective randomized multicenter trial 
was undertaken to evaluate the role of the 
combination of IFN-alpha with chemother
apy (alternating cycles ofVAD, MP, and CP) 
in maintenance treatment of multiple mye
loma [32]. Median survival as well as re
sponse duration of the two maintenance 
groups were similar (overall survival: 36 and 
31 months in IFN and IFN-chemotherapy, 
respectively; response duration: 13 and 15 
months, respectively), while toxicity was 
more pronounced in the combination main
tenance arm. 

IFN Combined with Corticosteroids 

A recent randomized trial on 89 myeloma 
patients showed that the addition of predni
sone (50 mg on alternate mornings) to IFN 
(3 MU TrW) may improve the outcome of 
maintenance treatment [33]. Median pro
gression -free survival was significantly 
longer in patients undergoing combined 
IFN/P treatment than in those who received 
IFN alone (19 vs. 9 months). Overall survival 
was possibly also prolonged by the addition 
of prednisone to IFN (57 vs.46 months). 

Corticosteroids not only reduce the toxic
ity of IFN without ameliorating its treat
ment efficacy [34], but also participate in 
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suppressing the synthnesis of IL-6, a potent 
myeloma growth factor [35, 361.A European 
multicenter randomized trial comparing 
IFN plus dexamethasone with IFN alone for 
maintenance treatment of myeloma patients 
is presently being conducted and should re
lease first interim results in the near future. 

Toxicity of IFN 

IFN induces dose-dependent adverse effects 
which include, particularly during the early 
treatment phase, fever and flu-like symp
toms. IFN-treated patients also suffer from 
fatigue, muscle pain, and, less frequently, 
from loss of appetite, nausea, vomiting, 
headaches, dizziness, and local erythema. If 
hemotoxicity occurs, it is usually mild. 
Long-term treatment may induce mild alo
pecia and neurological or psychiatric prob
lems in a small fraction of cases. Table 2 lists 
estimated frequencies of IFN toxicities. 

Long-term maintenance treatment with 
IFN is usually well tolerated by myeloma pa-

Table 2. Estimated frequency of adverse effects dur
ing IFN treatment 

Fever (2-3 weeks) 
Flu-like symptoms 
Fatigue 
Muscle pain 
Nausea 
Neurologic/psychological 

50-70% 
20-30% 
30-50% 
10-30% 
5-15% 
5-15% 

tients. However, this consistent report in the 
literature involves a bias. As only 60% of 
IFN-maintained myeloma patients remain 
on IFN after 24 months [37], patients suffer
ing from adverse effects will have terminat
ed the treatment by that time. Thus, a toxic
ity frequency of up to 40% has to be assumed 
for long-term IFN maintenance treatment, 
too. 

Metaanalysis of Randomized Trials Using IFN 
Maintenance Treatment 

The controversy about the efficacy of IFN in 
maintenance treatment, particularly with 
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regard to survival benefits, can only be re
solved by careful evaluation of all random
ized trials, which compared patients receiv
ing IFN maintenance treatment to untreated 
controls. Figures 1 and 2 reveal that the dif
ferences between the two subgroups were 
relatively small. In fact, unequivocal out
comes would require larger patient popula
tions than investigated by any single study. 
Only metaanalysis of all data provides a suf
ficiently large number of patients. 

We performed metaanalyses on all avail
able randomized studies which met the fol
lowing criteria: 
1. application of IFN -<X, 
2. randomization to an IFN arm or a control 

arm without any maintenance treatment, 
3. the previous induction treatment had to 

be well documented, and 
4. information had to be available either on 

the median remission durations or the 
median survival times of both trial arms. 

When 9 trials involving 1213 patients were 
analyzed, both remission duration and sur
vival were significantly (p < 0.01 and p < 
0.02, respectively) longer in the IFN arm 
than in the control arm (median gains 6 and 
5 months, respectively) (Figs. 1,2). 

Patient Preferences with Respect to IF N 
Maintenance Treatment 

Medical decision-making concerning the 
treatment of myeloma patients with IFN in
volves weighing the expected gains, namely, 
increased quantity of life and improved 
quality of life from prolonged relapse-free 
survival, against the risks of diminished 
quality of life from adverse treatment ef
fects. In order to assess the patients' view on 
this topic, we interviewed 355 US myeloma 
patients by telephone asking their opinions 
about acceptance or rejection of a proposed 
treatment which matched the conditions of 
IFN therapy [38]. The interviewees were giv
en information about frequencies and char
acteristics of IFN toxicity, financial cost, and 
the expected median gains in remission du
ration and survival as derived from the 
metaanalyses [24]. Then they were asked 
whether they would agree to the treatment if 
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Table 3. Patient preference of interferon maintenance 
treatment 

Imagine you are now in remission and your induc
tion treatment has stopped today, would you agree 
to start this new treatment if the average remission 
duration was 7 months longer than without treat
ment? 
yes possibly no 
o 0 0 

o not at all 
o if gain at least .......... months 

Would you agree to this treatment if the average life 
expectancy was 3 months longer than without treat
ment? 

they could expect the following median 
gains: 
1. 7 months in relapse-free survival and 
2.3 months in overall survival from IFN 

maintenance treatment (Table 3). Data on 
the patients' replies are shown in Table 4. 

Hypothetical IFN maintenance treatment 
was accepted by 58% when considering the 
7-month prolongation of remission dura
tion, while only 32% agreed to it when con
sidering a median gain in survival time of 
only 3 months. Generally, the acceptance 
rate of the proposed treatment increased 
with increasing gains in treatment outcome, 
and rendered a break-even point between 
expected burdens and expected benefits at 
approximately 6 months' time gain (im
proved relapse-free or overall survival). 

Patients who agreed to the proposed 
treatment tended to be younger «60 years), 
to have had personal experience with IFN 

Table 4. Patient preference of interferon maintenance 
treatment 

Median gain: + 7 months remission duration 
Choice: Yes 

Possibly 
No 

Not at all 
If gain at least 
21 (12-120) months 

Median gain: +3 months survival 
Choice: Yes 

Possibly 
No 

Not at all 
If gain at least 
12 (5-120) months 

57.7% 
18.9% 
23.4% 
75.9% 

24.1 % 

32.1 % 
l3.0% 
54.9% 
47.2% 

52.8% 



Table S.Influence of experience with interferon: refu
sal of unidentified maintenance treatment 

Previous IFN p 
or current treatment 

Yes No 

7 months gain in 16.5% 27.5% <0.02 
remission duration 
3 months gain in 47.4% 59.5% <0.02 
median survival 

Table 6. Patients refuse proposed preatment signifi
cantly more often if: 

• No prior experience with interferon p< 0.0001 

• >60 years of age p< 0.0001 

• feeling well p< 0.01 

• urban residence p< 0.05 

• education below college level p< 0.05 

(Table 5), and to suffer from more advanced 
myeloma stages as compared to patients 
who rejected the proposed treatment (Table 
6). Knowledge of the 6-month risk/benefit 
trade-off preferred by the majority of the 
interviewed myeloma patients with regard 
to IFN treatment may facilitate decision
making in clinical oncology. 

Conclusions 

IFN maintenance treatment renders signifi
cant benefits to myeloma patients. However, 
the median magnitude of these gains, which 
may be achieved at the cost of reduced qual
ity of life, is only marginal. In this difficult 
situation of medical decision-making re
garding IFN treatment, the patient's person
al opinion should be carefully considered. 
Myeloma patients do have individual prefer
ences with respect to IFN maintenance 
treatment, and the majority of patients will 
communicate them, if asked. Some patients 
may need guidance and support to make 
their personal decision; a minority of pa
tients will not be able to participate in medi
cal decision-making. From the scientific 
point of view, we recommend maintenance 
IFN treatment of myeloma patients with low 
tumor burden, such as patients in complete 
remission following high-dose treatment 
and bone marrow or peripheral stem cell 

transplantation. Decision-making about 
IFN treatment would be greatly facilitated 
by knowledge of additional prognostic fac
tors of IFN effectiveness, which should more 
precisely define subgroups of myeloma pa
tients who benefit from IFN maintenance 
treatment. 
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- AraC modulation 645-650 
2Chlorodeoxyadenosine see 2CdA 
cluster of differentiation 
- CD7 1037-1042 
- CD14 1037-1042 
- CDl5 1037-1042 
- CD34 

- genetic analysis 19-28 
- cytoplasmatic expression 59-61 
- ZMF gene 190-198 
- gene therapy 405--412 
- in AML 19-28,59-61, 122-130,413-

421,978-985, 1007-1011, 1037-1042 
- in ALL 59-61,78-81 
- in MDS 19-28 
- ex vivo 1151-1157,1169-1177 

- CD36 
- acute erythroblastic leukemia 206-210 

- CD40 717-732 
- CD95 

- in AML 95-101, 122-130 
- in MDS 95-101 
- in CML 95-101 

ceftriaxone 1065-1071 
central nervous system 
- involvement in Burkitt's lymphoma 

783-789 
- radiographic findings 797-800 
chromosomal abnormalities 
- t(8;2l) 219-224, 253-258, 259-264, 824-

827, 1020-1025 
- t(l5; 17) 219-224,259-264,867-876,881-

889,890-894, 1020-1025 
- t(llq23) 219-224 
- t(l2;2l) 234-241 
- t(l4;18) 248-252 
- t(9;22) 771-778 



- inv(l6) 219-224, 259-264, 824-827, 867-
876 

- 5-/5q- 219-224,269-277,824-827 
- 7-/7q- 219-224,269-277,824-827 
- 6q- 248-252 
- 18- 269-277 
- trisomy 8 259-264,269-277,824-827 
- complex aberrations 269-277 
chronic myeloid leukemia see CML 
cisplatin 469-474 
CML 
- CD951 Fas 95-101 
- signal transduction 146-181 
- and AML M2 253-258 
- treatment 986-991 
- transplantation 1125-1129 
- interferon 1151-1157, 1169-1177 
computertomogram 797-800 
consolidation therapy 

see postremission therapy 
cord blood transplantation 1139-1147 
cyclophosphamide 
- pharmacodynamics 549-555 
- high dose for BMT 1097-1102 
- cyclosporine A 
- and MDR 422-430, 456-460, 461-468, 

515-520 
cytarabine see AraC 
cytogenetics see also chromosomal aberrations 
- interphase 219-224 
- inAML 19-28,68-72,219-224,824-827, 

867-876 
- in MDS 19-28 
- in hybrid leukemias 90-94 
- in CD34+ stem cells 19-28 
- MDR expression 413-421 
cytokeratin 710-716 
cytomorphology 68-72, 137-145 
- in childhood MDS 214-216 
cytoplasmatic expression 
- of CD34 59-61 
cytosine arabinoside see AraC 
cytoskeleton 
- influence ofbcr-abl 182-189 

D 
daunorubicine 
- functional studies 515-520 
dCMP deaminase 
- gemcitabine 655-660 
differentiation 
- antigens in AML 52-58 
- excessive in AML M2 253-258 

- vitamin D 281-301 
- retinoic acid 281-301 
- therapy 663-668 
dihydrofolate reductase 483-490 
DNA 
- repair 3-12,549-555 
- mitochondrial 29-41 
donor lymphocytes 1125-1129 
drug resistance 3-12 

see also multiple drug resistance 
dysplasia 
- dysgranulopoiesis 68-72,413-421,895-900 
- dyserythropoiesis 68-72, 413-421, 895-

900 
- dysthrombopoiesis 68-72,413-421, 895-900 
- trilineage dysplasia 68-72,413-421, 895-900 

E 
elderly patients 
- with AML 327-332, 413-421, 841-848, 

849-854, 855-861 
electrospinresonance spectroscopy 131-136 
Epstein Barr virus 
- Iymphoproliferative disorders 679-684 
erythropoietin 
- in MDS 333-342 
etoposide 456-460,469-474,491-495,496-

502,503-508,810-817,834-837 
- oral application 536-543, 562-569, 841-

848, 849-854 
- apoptosis 640-644 
- in AML 963-966, 986-991 

F 
FAB classification 
- inAML 52-58,137-145,901-905 
- M2 253-258, 491-495 
- M3 491-495,881-885,886-889,890-894, 

1031-1036 
- M4 491-495 
- M5 52-58, 530-535 
- M6 206-210 
- in MDS 269-277 
FASI Apol 
- in AML 95-101 
- in MDS 95-101 
- in CML 95-101 
fever of unknown origin see FUO 
FISH 13-18 
- in AML 219-224, 1026-1030 
- in B-ce11 NHL 248-252 
FLAG regimen 509-514,824-827,828-833 
flow cytometry 62-67,78-81, 108-121 
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fluconazole 1044-1047, 1072-1082 
fludarabine 461-468, 549-555, 824-827, 

828-833 
- AraC modulation 577-583, 645-650 
- apoptosis 640-644 
fluorescence in situ hybridization see FISH 
FUa 1044-1047, 1051-1058, 1059-1064, 

1065-1071, 1072-1082 

G 
G-CSF 
- receptors 356-362 
- AraC pharmacology 584-595,651-655 
- trisomy 8 265-268 
- and SCF for apheresis 347-355 
- in ALL 302-306, 387-393 
- in MDS 333-342 
- inAML 317-320,321-326,824-827,828-

833,834-837,838-840,915-921,932-935, 
954-962 

gemcitabine 544-548 
- AraC modulation 655-660 
gene transfer vector 397-404 
gene therapy 
- gene marking for MRD 669-678 
- in hematopoietic stem cells 483-490 
- in CML 405-412 
glutamine 
- asparaginase treatment 570-574 
GM-CSF 
- receptors 356-362 
- SHC overexpression 363-368 
- influence on ZMF 190-198 
- AraC pharmacology 584-595,651-655 
- immune response 710-716 
- in ALL 302-306 
- inAML 317-320,321-326 
- in MDS 333-342 
graft versus host disease see GvHD 
graft versus leukemia see GvL 
granulocyte colony stimulating factor 

see G-CSF 
granulocyte-macrophage colony stimulating 

factor see GM-CSF 
growth factors see also G-CSF, GM-CSF 
- inAML 321-326,327-332 
- in MDS 333-342 
GvHD 
- acute 679-684, 1103-1110 
- chronic 679-684, 1103-1110 
GvL 
- peripheral blood progenitor cells 

685-692 
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H 
hairy cell leukemia 
- immunotherapy 663-668 
HAM regimen 821-823, 877-880, 881-884, 

915-921 
heat shock protein 27 see hsp27 
hemorrhagic diathesis 
- plasma cell leukemia 211-213 
- AML M3 881-889 
HSCF 306-316 
hsp27 444-453 
hybrid leukemias 90-94 
hydrotherapy 
- for mucositis 1087-1089 
hydroxyurea 
- AraC modulation 645-650 
- in AML therapy 855-861 
- in CML therapy 1169-1177 

I 
ICAMI 
- in ALL 369-378 
ICE proteases 
- gemcitabine activity 544-548 
idarubicine 536-543 
- in ALL 766-770 
- inAML 824-827,828-833,834-837,841-

848, 849-854, 867-876, 936-942, 978-985 
ifosfamide 
- in ALL 766-770 
IGF binding protein 375-378 
immunoglobulins 
- in ALL 995-1001, 1002-1006 
immunomodulation 
- inAML 967-977 
immunophenotype 
- in AML 13-18,52-58, 1037-1042 
- in ALL 82-89 
immunotherapy 663-668, 679-684 
- macrophages 701-709 
- antigen presenting cells 717-732 
- in AML 967-977 
interferon 405-412, 663-668 
- in CML 1151-1157, 1169-1177 
- in NHL 1158-1162, 1163-1168 
- in multiple myeloma 1178-1184, 1185-1192 
interleukins 
- ILl 307-316,369-374 
- IL2 834-837, 967-977 
- IL3 333-342 
- IL4 717-732 
- IL6 306-316,333-342,369-374 
in vitro drug resistance 491-495 



L 
lenograstim see G-CSF 
leucocyte 
- alkaline phosphatase 62-67 
leukemia associated phenotype 1037-1042 
lipid metabolism 
- interaction of AraC 596-602,603-613 
lymphoma 
- small lymphocytic 248-252 
- mantle cell 248-252 
- follicular 248-252, 1158-1162 
- cb-cc, cc 1163-1168 

M 
macrophages 
- tumorcytic 701-709 
major histocompatibility complex 

see MHC molecules 
maturation 
- discordant in CML 146-181 
MDR 
- elderly patients 4l3-421 
- in AML 431-443, 444-453 
- signal transduction 454-455 
MDS 
- pathogenesis 29-41 
- chromosomal aberrations 265-268, 269-

277 
- FAS/Apol, CD95 95-101 
secondary hematological disorders 102-107 
in children 214-216 
treatment 963-966, 986-991 
megakaryocyte 
- thrombopoietin 379-386 
megakayryocyte growth and development 

factor see MGDF 
melanoma 
- immunotherapy 663-668 
membranes 
- structural properties 131-136 
- active oxygen forms 387-393 
- lysis by AraC 596-602 
methotrexate 483-490 
- in AML 803-804 
MGDF 343-346 
MHC molecules 
- immunotherapy 717-732 
minimal residual disease see MRD 
mitoxantrone 456-460, 496-502, 503-508, 

509-514 
- apoptosis 640-644 
- continuous infusion 877-880 

- HAM regimen 821-823, 877-880, 881-
884,915-921 

- in adult ALL 755-763 
- in childhood AML 810-817 
- in adultAML 943-953,954-962,978-985, 

986-990 
modulator 
- of MDR 422-430, 431-443 
MRD 
- gene marking 669-678 
- in ALL 995-1001,1002-1006 
- in AML 1012-1019 
MRP 444-453 
multiple drug resistance related protein 

see MRP 
MTT assay 491-495, 496-502, 503-508, 

556-561 
mucositis 
- hydrotherapy 1088-1090 
multiple drug resistance see MDR 
multiple myeloma 1178-1184, 1185-1192 
murine leukemia virus 397-404 
mutation 
- mitochondrial DNA 29-41 
myelodysplastic syndrome see MDS 
myeloperoxidase 901-905 
MYH gene 1026-1030 

N 
natural killer cells see NK cells 
neutropenia 
- cytokines 317-320,321-326 
NK cells 685-692,967-977 
oral chemotherapy 536-543, 562-569, 841-

848, 849-854 
oxydative stress 
- neutrophils 387-393 
- AraC 108-121,584-595 

P 
P53 444-453 
PCR 995-1001, 1012-1019, 1020-1025, 

1026-1030 
pentoxifylline 42-51 
peripheral blood progenitor cells 
- apheresis 347-355 
- for LL 779-782 
- for AML 906-910,911-914,915-921, 

922-931, 1125-1129 
p-glycoprotein see MDR 
pharmacodynamics 
- asparaginase 523-529 
- AraC see AraC 
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pharmacokinetics 
- asparaginase 523-529 
- idarubicine 536-543 
- etoposide 562-569 
Philadelphia chromosome 
- in CML 146-181 
- in ALL 302-306,771-778,779-782 
PIXY 
- AraC 584-595,651-655 
plasma cell leukemia 211-213 
PML-RAR fusion gene 1031-1036 
polymerase chain reaction see PCR 
postremission therapy 
- AML 693-699, 862-866, 867-876 
priming 
- AML 317-320 
prognosis 
- AML 68-72, 259-264, 456-460, 1093-

1096 
- T -ALL 82-89 
- and MDR 431-443 
- childhood ALL 750-752 
PSC833 
- MDR 422-430, 456-430, 456-460, 461-

468 
purine analoga 461-468 
- t1udarabine see t1udarabine 
- 2CdA see 2CdA 

R 
redox system 387-393 
retinoic acid 62-67,281-301,633-634 
- ATRA see ATRA 
ribonucleotide reductase 
- inhibitor trimidox 556-561 

S 
sal vage therapy 
- for AML 932-935, 936-942 
SCF 347-355 
scm mouse 
- ALL 73-77 
S-HAM regimen 821-823, 932-935, 943-

953, 954-962 
SHC 
- overexpression 363-368 
signal transduction 
- ZMF gene 190-198 
- CML 146-181 
- and MDR 454-455 
- and AraC 596-602, 620-627 
skin lesion 
- aspergillus 1083-1087 
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S-phase 503-508 
- recruitment 356-362, 821-823 
stem cell 
- functional characterization 13-18 
- AML 906-910,911-914,915-921,1007-1011 
stem cell factor see SCF 
stratification 
- of postremission therapy in AML 867-876 
supportive therapy 
- MDS 333-342 
- neutropenic patients 1044-1048, 1051-

T 

1058, 1059-1064, 1065-1071, 1072-1082, 
1083-1087, 1088-1090 

tazocillin 1059-1064 
T-ALL 82-89 
TBI 1097-1102 
T-cell 
- receptor 995-1001, 1002-1006 
- T-ALL 82-89 
- lymphoma 469-474 
- depletion in BMT 685-692 
- AraG 614-619 
- AraCMP prodrug 628-632 
TEL-AMLI fusion gene 234-241,242-247 
teniposide 755-763 
thrombocytopenia 
- MGDF 343-346 
thrombopoietin 379-386 
TIE receptor 199-205 
TNFa 306-316,389-374 
topoisomerase II 
- inhibitors 536-543 
total body irradiation see TBI 
toxicity 
- chemotherapy 766-770,915-921,936-941 
trilineage myelodysplasia see dysplasia 
trimidox 556-561 
trisomy 8 
- prognosis 259-264 
- G-CSF 265-268 
TUNEL assay 469-474 
tyrosine kinase 
- TIE receptor 199-205 
- bcr-abl 182-189 
- CML 146-181 

U 
Ukraine 
- acute leukemias in 90-94 
unrelated donor 
- alloBMT in AML 1111-1124, 1130-1138 



V 
verapamil 
- MDR 461-468 
vincristin 469-474, 755-763 
vitamin D 281-301 
VP16 see etoposide 

X 
xenograft 
- ALL 73-77 

Z 
zidovudine 469-474 
ZMF gene 190-198 
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