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Preface 

Following the major breakthroughs in the 
treatment of acute leukemias in the seven
ties by the introduction of intensive combi
nation regimens, therapeutic progress has 
slowed down and the impression of stagna
tion may even have occured. In contrast, 
the knowledge about the biology of leu
kemias is rapidly expanding and allows new 
insights into the pathophysiology of the 
disease. Further improvements also come 
from a better understanding of the pharma
cokinetics and pharmacodynamics of cyto
static drugs and their mechanisms of action. 
Hence, novel treatment modalities can be 
developed on a more solid basis and ration
al. These achievements need to be comple
mented by effective eradiation of residual 
disease or its permanent control and new 
approaches have been derived from recent 
insights into the interaction between leu
kemic cells and the immune system as well 
as from new techniques allowing the sensi
tive detection of residual leukemic cells. 
Clinically, new therapeutic strategies are 
first explored in patients with advanced 
leukemias, which means with relapsed or 
refractory disease, before being incorpo
rated into first-line treatment. These 
aspects deserve intensive and special efforts 

and frequent and thorough exchange of 
information. Hence, it was felt that a spe
cial series of symposia should be devoted to 
"Pharmacokinetics and Management of 
Relapsed and Refractory Disease" comple
menting the established meetings on "Prog
nostic Factors and Treatment Strategies" 
which will proceed in parallel. It was the 
aim of the international symposium 
"ACUTE LEUKEMIAS - Pharmacokine
tics and Management of Relapsed and 
Refractory Disease" to provide an update 
of the present knowledge in this area and to 
stimulate further developments. As a sign 
for the closing distance between countries 
and the development of effective world
wide cooperation this symposium emerged 
from the joint efforts of the German AML 
Cooperative Group and the M.D. Ander
son Cancer Center. International coopera
tion and effective exchange of information 
will lead to further improvements in bio
logic knowledge and therapy and will ulti
mately benefit patients with acute leu
kemias. 

W HIDDEMANN . T. BUCHNER 
W PLUNKEIT . M. KEATING 
B. WORMANN . M. ANDREEFF 
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Drug Resistance in Leukemia 



Multidrug Resistance and Its Circumvention in Acute Leukemia 

A. F. List, C. M. Spier, and W. S. Dalton 

Introduction 

The use of intensive chemotherapy regim
ens produces complete remissions in up to 
90 % of children with acute lymphocytic 
leukemia, and more than half of these 
patients are expected to be cured of their 
disease [1]. Among patients with acute 
myeloid leukemia (AML) and adults with 
acute lymphocytic leukemia, sustained 
complete remissions are achieved in only 
20%-40% of cases [2, 3]. Remission rates 
in patients relapsing from a complete rem
ission are substantially lower due to devel
opment of resistance to agents employed in 
primary therapy and other agents to which 
the patient has not been exposed. In exper
imental systems, resistance to multiple 
agents most often relates to expression of 
P-glycoprotein, or the multidrug resistance 
(MDR) phenotype. In this chapter we 
review the role of MDR in acute leukemia 
and current clinical trials at the Arizona 
Cancer Center aimed a-restoring chemo
sensitivity in these disorders. 

Multidrug Resistance 

Initial observations that tumor cell lines 
selected for resistance to a "natural pro
duct" antineoplastic may display cross
resistance to a variety of other agents was 

Section of Hematology/Oncology, Department 
of Internal Medicine and Department of Patho
logy, University of Arizona College of Medicine, 
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first reported by Beidler and Riehm in 1970 
[4]. Subsequent studies have shown that 
such resistance extends to many drugs that 
are dissimilar in structure and mechanism of 
action [5-7]. Multidrug-resistant cell lines 
accumulate and retain less drug than their 
drug-sensitive counterparts, which is be
lieved to be the cellular basis for the MDR 
phenotype [8]. The observed changes in the 
cellular handling of such drugs is associated 
with expression of a 170-kDa membrane 
glycoprotein termed P-glycoprotein. P-gly
coprotein traverses the plasma membrane 
in MDR cells and possesses ATP binding 
sites intracellulariy, whereas carbohydrate 
moieties are restricted to the cell surface. 
Reduced drug retention by MDR cell lines 
is recognized to result from energy-depen
dent drug efflux that is mediated by P
glycoprotein. The gene encoding P-glyco
protein has been cloned, and is localized on 
the long arm of chromosome 7 [7q21.1] [9]. 
Gene transfection studies have provided 
convincing evidence that expression of P
glycoprotein is sufficient for expression of 
the MDR phenotype [10]. 

P-glycoprotein expression has been iden
tified in a number of hematologic tumors, 
including leukemias, malignant lympho
mas, and multiple myeloma. Various 
methodologies have been used to detect 
P-glycoprotein overexpression in tumor 
samples, including immunoblotting, immu
nocytochemistry, and RNA analysis. These 
assays allow for the correlation of P-glyco
protein expression and response to chemo
therapy. If P-glycoprotein serves a function
al role in conferring MDR in hematologic 
tumors, it may be possible to restore che-
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mosensitivity by inactivating P-glycopro
tein or utilizing drugs which are not affected 
by the MDR phenotype. Clinical studies 
using chemosensitizers to inhibit P-glyco
protein are just beginning; however, prelim
inary results are encouraging. 

Acute Lymphoblastic Leukemia 

The anthracyclines, vinca alkaloids, and the 
epipodophyllotoxins are integral compo
nents of induction regimens in acute lym
phoblastic leukemia (ALL). Using conven
tional chemotherapy combinations, com
plete hematological remissions are 
achieved in 70 %-90 % of patients with 
adult or childhood acute lymphoblastic leu
kemia (ALL) [1, 3]. Although sustained 
remissions are more common in childhood, 
second remissions are achieved in a high 
percentage of relapsing patients. Not unex
pectedly, expression of P-glycoprotein in 
ALL blasts is detected infrequently at ini
tial diagnosis (Table 1). In childhood ALL 
in particular, studies by Goldstein et al. [11] 
and Rothenberg et al. [12] have noted 
overexpression of the mdrl gene transcript 
in fewer than 15 % of cases at presentation 
or at relapse. Acquisition of the MDR 
phenotype, however, may be more frequent 
in adult ALL. Although the number of 
cases studied to date is small, Musto et al. 
[13] and others [14-17] have noted expres
sion of the MDR phenotype in 50 % or 
more cases of relapsing adult ALL. These 
observations are in keeping with the lower 
rate of successful reinduction in relapsed 

adult ALL that principally relates to drug
resistance failures. 

The low prevalence of MDR detection in 
childhood ALL is in sharp contrast to 
observations in other lymphoid malignan
cies. Investigations at the Arizona Cancer 
Center [8, 18] and elsewhere have shown 
that while overexpression of P-glycoprotein 
is detected in fewer than 5 % of patients 
with multiple myeloma at initial diagnosis, 
relapses following treatment with doxoru
bicin- or vincristine-containing regimens 
are commonly associated with elevated 
levels of P-glycoprotein. Similarly, immuno
histochemical detection of P-glycoprotein 
using the C219 monoclonal antibody was 
found in over 75 % of patients with non
Hodgkin's lymphoma relapsing after initial 
treatment with vincristine- and/or anthracy
cline-containing chemotherapy regimens 
[20]. The comparatively high frequency of 
expression of MDR in B-cell malignancies 
versus ALL may relate to inherent biolog
ical differences between these disorders. 
Capacity to express P-glycoprotein in nor
mal tissues is linked to detoxification and/or 
secretory function and in tumors derived 
from such tissues, MDR expression is asso
ciated with mature or differentiated pheno
types [21, 22]. The higher frequency of 
MDR overexpression in relapsing B-cell 
malignancies may relate to intrinsic capaci
ty for secretory function associated with a 
more differentiated phenotype. 

Despite the low frequency of MDR 
detection in ALL, it may contribute to 
treatment failure in specific clinical and 
pathological subsets (Table 2). As noted 

Table 1. Frequency of mdrl message or P-glycoprotein detection in acute lymphoblastic leukemia 

Pretreatment Relapsed 
Author No. of cases MDW (%) No. of cases MDR+ (%) 

Childhood 
Goldstein et a1. [11] () 1 (11) 20 3 (15) 
Rothenberg et a1. [12] () 1 (11) 19 3 (16) 

Adult 
Goldstein et a1. [11] 15 2 (13) 0 0 
Musto et a1. [13] 20 2 (10) 12 7 (58) 
Herweijer et a1. [14] 8 4 (50) 1 1 
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Table 2. Acute lymphoblastic leukemia (ALL) variants associated with MDR 

Disease subset 

Relapsed adult ALL 
Adult T-cellieukemiallymphoma (ATL) 
T-cell ALL 
Haplodiploid ALL 

earlier, adults with relapsing ALL have a 
lower remission rate with reinduction and 
may have a higher prevalence of MDR 
overexpression. Patients with the adult T
cell leukemia/lymphoma (ATL) syndrome 
in particular have a high prevalence of 
P-glycoprotein overexpression. Despite the 
use of intensive chemotherapy induction 
regimens in patients with ATL, remissions 
are generally of short duration and are 
associated with emergence of drug-refrac
tory disease. Kuwazuru et al. [23], using 
immunoblotting with the C219 antibody, 
examined P-glycoprotein expression in 
specimens from 25 patients with the ATL 
syndrome. High levels of P-glycoprotein 
were detected in eight of 20 (40 % ) cases at 
presentation and each of six relapsed 
patients with drug-refractory disease. In
terestingly, Herweijer et al. [14] and others 
[15] also noted a higher frequency of MDR 
overexpression in T-lineage ALL, implying 
that capacity for MDR expression may 
relate to lymphoblast lineage. Preliminary 
observations by Redner et al. [25] in the 
cytogenetically defined cohort of haplodi
ploid ALL indicate that the MDR pheno
type may also contribute to treatment fai
lure in this high-risk group. 

Reference 

[15] 
[23,24] 
[14, 15] 
[25] 

Acute Myeloid Leukemia 

The anthracyclines are the most active 
single agents in the treatment of AML, and 
remain an integral component of chemo
therapy induction regimens [2]. Previous 
studies examining drug pharmacodynamics 
in AML have shown that cellular anthracy
cline concentration is an important deter
minant of response to therapy [26]. Anthra
cycline uptake by myeloblasts is influenced 
by a number of variables, including total 
leukemia burden [27] as well as duration of 
drug infusion [28, 29]. Accumulating evi
dence indicates that increased drug extru
sion mediated by P-glycoprotein may 
underlie the heterogeneity in drug reten
tion observed in AML samples. Accumula
tion of daunorubicin, as measured by cellu
lar fluorescence, is enhanced by exposure to 
verapamil or other MDR antagonists in a 
subpopulation of blast cells in roughly 20 % 
of previously untreated patients [31]. 
Indeed, intermediate or high levels of mdrl 
message or its glycoprotein product are 
detected in 10 %-20 % of cases of de novo 
AML (Table 3). Unlike ALL, AML 
appears to possess inherently greater 
potential for MDR expression following 

Table 3. Multidrug resistance (MDR) expression in de novo AML 

Pretreatment Relapsed 
Author No. of Cases MDR+ (%) No. of Cases MDR+ (%) 

Goldstein et al. [11] 24 3 (13) 5 4 
Sato et al. [32] 36 9 (25) 17 9 (53) 
Nooter et al. [33] 6 1 (17) 10 6 (60) 
Herweijer et al. [14] 7 1 (14) 10 8 (80) 
Ito et al. [34] 10 1 (10) 14 2 (15) 
Musto et al. [13] 12 1 (8) 8 6 (75) 
Holmes et al. [35] 8 2 (25) 8 5 (62) 
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initial chemotherapy exposure. Although 
few patients have been studied serially for 
acquisition of MDR, P-glycoprotein or its 
message is demonstrable in more than 50 % 
of cases with relapsed or previously treated 
leukemia (Table 3). 

Whether MDR expression in patients 
with previously untreated AML is related 
to recognized clinical or biologic paramet
ers predictive of treatment outcome is not 
clear. To address this, we examined P
glycoprotein expression in clinically defined 
subsets of high-risk AML, myelodysplasia, 
and standard-risk de novo AML and its 
relation to karyotype and blast phenotype. 
Patients with treatment -related leukemia 
or AML preceded by an antecedent hema
tologic disorder have a characteristically 
high incidence of primary chemotherapy 
resistance and/or short-remission duration. 
P-glycoprotein expression in bone marrow 
specimens was determined by immunocyto
chemical staining with monoclonal antibod
ies directed against either the cytoplasmic 
domain (C219, JSB1) or a surface epitope 
(MRK-16) of P-glycoprotein, and per
formed in parallel with flow cytometry 
using the MRK-16 antibody [36]. The pre
valence of P-glycoprotein expression in 
myelodysplastic syndromes was compara
ble to that observed in de novo AML (22 % 
versus 21 %) (Table 4). Antibody reactivity 
was restricted to blast forms and leukemic 
monocytes, but was otherwise absent from 
terminally differentiated blood cells. In 
contrast, acute leukemias preceded by a 
myelodysplastic syndrome and treatment
related hematologic disorders exhibit a 
comparatively high frequency of P-glyco
protein expression. The high incidence of 

MDR expression in therapy-related hema
tologic disorders is not unexpected and may 
explain the observed refractoriness of these 
disorders to conventional induction thera
py. Chemical-induced tumors in animal 
models often exhibit collateral resistance to 
a broad spectrum of naturally occurring 
antineoplastics associated with expression 
of the mdrl gene product [37, 38]. Interest
ingly, cytogenetic abnormalities affecting 
chromosomes 5 and 7 that characterize 
these high-risk AML subsets correspond to 
those linked in epidemiologic studies to 
occupational exposure to environmental 
toxins [39, 40]. Although MDR expression 
was not associated with specific chromo
some abnormalities in our studies, we found 
a significant association between P-glyco
protein expression and stem cell (i.e., 
CD34) or monocytic phenotypes in the 74 
cases studied (P = 0.001) [36]. The close 
association between MDR expression and 
specific cellular phenotypes in myeloid leu
kemia may reflect a normal physiologic 
function conserved in neoplastic counter
parts. Whether the MDR product is 
expressed in normal hematopoietic stem 
cells remains unclear. Nonetheless, obser
vations that MDR expression may be asso
ciated with an immature cell phenotype in 
myeloid leukemia represents a sharp devia
tion from observations in epithelial neo
plasms. 

Evidence that MDR contributes to treat
ment failure in AML, although quite 
strong, remains inconclusive. MDR expres
sion in clinical cohorts associated with a 
high frequency of primary treatment failure 
such as relapsed AML, leukemic evolution 
from myelodysplasia, and treatment-

Table 4. Arizona Cancer Center studies of P-glycoprotein immunodetection in AML and myelodys
plastic syndromes (MDs)a 

Disease category 

De novo AML 
MDS 
MDS-AML 
Treatment-related HD 

No. of cases 

19 
32 
12 
11 

P-glycoprotein expression 

4 (21 'Yo) 
7 (22 'Yo) 
9 (75 'Yo) 
9 (82 'Yo) 

MDS-AML, AML preceded by MDS; HD, hematologic disorders 
a P-glycoprotein expression determined by flow cytometry (MRK-16) and immunocytochemistry 

(C219, JSBl, MRK-16) 
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related leukemia occurs with high frequen
cy. Sato et a!. [32] found a trend favoring a 
lower frequency of complete remission 
among patients whose leukemic cells con
tained moderate or high levels of the mdrl 
transcript (88 % versus 58 %). While this 
difference is not statistically significant, the 
number of patients requiring two courses of 
induction therapy to obtain remission was 
substantially higher in patients with high 
MDR expression (P = 0.03). Moreover, the 
median duration of remission for patients 
with low levels of MDR expression was over 
twice that observed in high expressors (P = 

0.003), indicating that MDR may be an 
important determinant of outcome in 
patients receiving conventional anthracy
cline/cytarabine induction and consolida
tion therapy. It is important to note, how
ever, that the predictive value of MDR 
studies as a determinant of outcome in 
AML may vary depending on the method of 
detection. The Cancer and Leukemia 
Group B (CALGB) found no relation 
between MRK-16 reactivity detected by 
flow cytometry and response or survival in 
205 conventionally treated patients with de 
novo AML [41]. Recent reports describing 
a high incidence of epitope masking with 
MRK-16 [42] and failure to discriminate 
between monocyte and leukemia cell 
expression of P-glycoprotein may explain 
the conflicting results in the latter study. 
This issue is currently under investigation 
by the Southwest Oncology Group 
(SWOG) using multicolor flow cytometry 
to insure gating on antigenically defined 
blast populations. The relative merits of 
flow cytometric detection of MDR by two 
antibobies directed against surface epitopes 
will be compared to immunocytochemical 
and molecular methods and their prognos
tic value defined. 

Clinical Circumvention of MDR 

The observed associations between cellular 
anthracycline retention or MDR expression 
and treatment outcome in AML imply that 
treatment strategies to circumvent MDR 
may improve outcome in specific patient 
cohorts. Investigations at the Arizona 
Cancer Center in multiple myeloma and 

non-Hodgkin's lymphoma have shown that 
this can indeed be accomplished with agents 
that inhibit P-glycoprotein function, such as 
verapamil [43, 44]. Although responses can 
be restored in patients previously refractory 
to anthracyclines and/or vinca alkaloids, the 
dose of verapamil necessary for in vivo 
effectiveness is associated with inordinate 
cardiovascular toxicity. A number of other 
agents sharing the property of lipid solubil
ity are potent inhibitors of P-glycoprotein 
and have immediate clinical applicability. 
Cyclosporine A in particular is an effective 
inhibitor of P-glycoprotein-mediated drug 
efflux at concentrations readily achieved in 
vivo in allograft transplantation [33, 45]. To 
test its safety and activity when adminis
tered in combination with chemotherapeu
tics as a resistance modifier, we initiated a 
phase 1111 clinical trial at the Arizona 
Cancer Center in patients with high-risk 
AML. Eligible patients received a 5-day 
course of high-dose cytarabine (3 g/m2) as a 
3-h daily infusion, followed by a loading 
dose of cyclosporine and continuous infu
sion administered in conjunction with dau
norubicin on days 6 through 8. Dose escal
ations of cyclosporine range from 1.0 to 
16.0 mg/kg to reach projected whole blood 
levels of 1,000 to 2,000 ng/m!. 

To date, 16 patients have been enrolled in 
the study and 14 are evaluable for toxicity 
and response. Diagnoses include relapsed 
or refractory AML [4], AML preceded by 
myelodysplasia [6], chronic myeloid leu
kemia in blast phase [1], treatment-related 
acute leukemia [2], and de novo AML with 
monosomy 7 [1]. Dose-limiting toxicities 
were observed in two of six patients treated 
at the highest dose level and included 
SWOG grade III renal and hepatic toxicity. 
Reversible hyperbilirubinemia occurred in 
four patients during cyclosporine adminis
tration. There was no apparent increase in 
myeloid toxicity, with the duration of neu
tropenia ranging from 19 to 25 days. Des
pite the inclusion of patients with only 
high-risk myeloid leukemia, preliminary 
results are encouraging. Complete remis
sions and/or restoration of chronic phase 
was achieved in ten of the 14 patients. There 
was one neutropenic death resulting from 
bacterial sepsis; however, an overall 
increased susceptibility to infection was not 
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observed. Two additional patients achieved 
prolonged partial remissions. Because of 
the minimal toxicity observed in the initial 
phase of this study, the dose of daunorubi
cin will be escalated to 60 mg/m2 per day to 
maximize anthracycline exposure. The po
tential clinical benefit of this approach is 
now being tested in a randomized fashion 
by the SWOG in patients with blast-phase 
chronic myelogenous leukemia. 

Conclnsions 

Preliminary investigations in acute leukem
ia indicate that the MDR phenotype may 
contribute to treatment failure in high-risk 
subsets. Initial clinical trials suggest that 
strategies to inhibit P-glycoprotein function 
may restore anthracycline sensitivity in 
some patients. However, chemotherapy 
resistance in the major portion of patients 
with acute leukemia likely relates to multi
ple mechanisms. Additional studies deli
neating biologic features influencing MDR 
expression in acute leukemia and its rela
tion to other mechanisms of resistance will 
provide needed insight concerning its cellu
lar regulation and new approaches to clini
cal management. 
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The Role of DNA Topoisomerase II in Multidrug Resistance in 
Human Leukemia 

W T. Beck, T. Funabiki, and M. K. Danks 

Introduction 

Resistance to chemotherapy continues to 
be a major impediment and intellectual 
challenge to the cure of neoplastic diseases, 
and leukemias are no exception. Resistance 
of tumor cells to multiple "natural product" 
anticancer drugs, known as multidrug resis
tance (MDR) , is now a well-documented 
phenomenon, and some excellent reviews 
have recently summarized its pharmacology 
and cell and molecular biology [1-5]. It is 
now clear that several types of natural 
product MDR exist experimentally: one is 
associated with P-glycoprotein (Pgp) over
expression (Pgp-MDR) [1-5], another with 
alterations in DNA to poi some rase II (at
MDR) (reviewed in [6]), and a third with 
features similar to Pgp-MDR but without 
Pgp overexpression [7, 8]. Although Pgp
MDR appears to have clinical correlates, we 
do not yet know about the clinical relevance 
of other forms of MDR. In this chapter, we 
focus on at-MDR. 
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General Features of at-MDR 

We and others have extensively character
ized the biochemistry and pharmacology of 
the at-MDR phenotype over the past sever
al years. Many of these studies have been 
summarized elsewhere [6, 9]. Briefly, while 
such resistant cells share overlapping cross
resistance profiles with cells expressing 
Pgp-MDR, "pure" at-MDR cells remain 
sensitive to vinca alkaloids [10], most likely 
because such cells do not express the mdrl 
gene or Pgp [11]. Further, modulators of 
Pgp-MDR, which bind to and interfere with 
the efflux function of Pgp, are without 
effe:t in at-MDR cells for the same reason. 
Fus: rm of at-MDR cells with drug-sensitive 
cell~ produced drug-sensitive hybrids, sug
gesting that at-MDR is expressed recessive
ly [12], although other explanations are 
possible. Biochemically, these cells have 
either decreased amounts or activities of 
topoisomerase II (reviewed in [6]). The 
ability of topoisomerase II-acting drugs to 
form stable topoisomerase II-DNA"cleava
ble" complexes is decreased in the at-MDR 
cells, as is the catalytic activity of the 
enzyme [13]. In some cell lines, the amount 
of the enzyme is reduced [14, 15]. Moreov
er, we have shown that the enzyme from the 
at-MDR cells apparently binds ATP less 
well than its counterpart from the drug 
sensitive cells [16]. More recently, Fer
nandes et al. [17] showed that newly syn
thesized (nuclear matrix-bound) DNA was 
more susceptible to inhibition by VM-26 
and m-AMSA, suggesting that matrix 
topoisomerase II was the most sensitive 
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target of these drugs. In a subsequent study, 
we showed that the amount and activity of 
nuclear matrix topoisomerase II was 
decreased in at-MDR human leukemic cells 
[18]. Finally, Suttle et al. [19] have found a 
mutation in the topoisomerase II cDNA 
near the ATP binding fold. While many of 
these changes are associated with at-MDR, 
we do not yet know whether any of them 
actually cause the phenotype. 

Is at-MDR Clinically Relevant? 

Whether or not at-MDR is clinically rele
vant is the question that many of the studies 
of at-MDR are presently attempting to 
address. Several lines of reasoning suggest 
that tumor cells with an at-MDR phenotype 
will be found in patients. First, we know 
that neither the mdrl gene nor its product, 
Pgp, are expressed in all tumors from 
clinically drug-resistant patients [20]. Se
cond, it is relatively easy to select at-MDR 
cell-lines experimentally [10]. Third, many 
of the drugs that are used to select for 
at-MDR in vitro - anthracyclines, epipodo
phyllotoxins, and aminoacridines - are used 
widely in the clinic. Accordingly, we suggest 
that tumor cells expressing the at-MDR 
phenotype will be found in patients' 
tumors. We are currently developing func
tional and molecular biological methods to 
test this hypothesis. 

Fnnctional Assays for at-MDR 

We have exploited an assay that permits 
detection of topoisomerase II-DNA com
plexes in intact cells [21, 22]. An intact cell 
assay has several advantages. First, it can be 
used on clinical specimens, especially leu
kemia cells. Second, it can provide a func
tional assessment of the topoisomerase II in 
the cells. Third, by using an inhibitor of Pgp 
like verapamil, it may also be possible to 
assess the functional status of Pgp in the 
cells and consequently distinguish between 
cells expressing either at-MDR or Pgp
MDR. Such distinctions may allow us to 
determine whether these two forms of 
MDR are expressed in tumors and whether 
these phenotypes have relevance to the 
chemotherapeutic responsiveness of the 
patient. 

Accordingly, we have modified an assay 
that quantitates drug-stimulated topoisom
erase II-DNA complexes in intact tumor 
cells [21, 22]. Given that antitopoisomerase 
II drugs will "stimulate" the formation of 
such complexes [13], and given the fact that 
many antitopoisomerase II drugs such as 
epipodophyllotoxins and anthracyclines are 
substrates for Pgp, it is possible to distin
guish between the two phenotypes by meas
uring the formation of complexes in the 
absence and presence of verapamil, an 
inhibitor of the efflux function of Pgp. 
Thus, as seen in Table 1, VM-26 will stimu-

Table 1. An intact cell assay for drug-stimulated DNA-protein complex formation distinguishes 
between cells that express Pgp-MDR and those that express at-MDRa 

Cell line 

CEM 
CEMNLBsK 
CEMNM-l 

3H-DNA/14C-protein, cpm precipitated 

No drugs 

0.433 
0.380 
0.510 

30 11M VM-26 

3.09 
1.26 
0.44 

30 11M VM-26 + 10 11M verapamil 

3.35 
3.08 
0.60 

a Cells were incubated with 3H-thymidine and 14C-leucine for 18 h to label DNA and protein, 
respectively. Cells were then washed and incubated with VM-26 ± verapamil for another 30 min, 
after which they were washed again. DNA-protein complexes were precipitated with K+-SDS and 
quantitated by liquid scintillation counting, as described by Trask et al. [21] and Zwelling et al. [22]. 
CEMNLBsK overexpresses Pgp [23]; CEMNM-l does not overexpress Pgp [11] but does have 
altered topoisomerase II [13, 19]. 
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late fewer complexes in cells expressing 
either Pgp-MDR or at-MDR, compared to 
drug-sensitive cells, but when Pgp-MDR 
cells are co-treated with VM-26 and vera
pamil, Pgp will be inhibited, intracellular 
drug levels will increase, and complex for
mation will be increased. However, in the 
at-MDR cells that express little or no Pgp 
[11], the effect of verapamil will be either 
attenuated or nonexistent. 

DNA-Protein Complex Formation in Pe
diatric Acute Myeloid Leukemia Blasts 

Whether this functional assay will correlate 
with clinical response remains to be deter
mined. Shown in Fig. 1 are preliminary 
results of DNA-protein complex formation 
in acute myeloid leukemia (AML) blasts 
from four of our pediatric patients. We used 
two concentrations of VP-16, 3 IlM and 30 
IlM, the former being a target level for free 
drug concentrations in the plasma. It 
appeared that the cells from patients 1 and 2 
had an unresponsive topoisomerase II and 
no functional Pgp, as VP-16 produced no 
complexes and verapamil was without 
effect. However, we need independent ver
ification that the cells actually accumulated 
drug. A VP-16 dose-response relationship 

was seen in the cells from patient 4, and 
verapamil was able to permit more com
plexes to be formed, suggesting that these 
cells may have had a normal topoisomerase 
II but also may have expressed some Pgp. 
Finally, cells from patient 3 showed some 
response to VP-16 only in the presence of 
verapamil, suggesting that their topoisom
erase II may be normal but that they 
express Pgp. We presently have no informa
tion on Pgp expression in these patients' 
cells, but intend to do immunohistochemi
cal analysis with an anti-Pgp antibody. 
*NOTE ADDED IN PROOF: We have 
recently learned that only the cells from 
patient *2 highly expressed P-glycopro
tein, as determined by immunohistochemi
cal staining. Thus, other factors may be 
involved in the responsiveness of AML 
blasts in the intact cell assay shown in Fig. 1. 
These studies are ongoing. 

Conclusions 

Drug resistance continues to be a major 
obstacle to the cure of neoplastic diseases, 
including leukemias. Much is now known 
about the expression of mdrl or Pgp in 
patients' tumors. By contrast, little is 
known about the expression of topoisomer-

DNA-protein complex formation In Atoll blasts 
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Fig. 1. DNA-protein complex formation in acute myeloid leukemia (AML) blasts from four pediatric 
patients. (See footnote to Table 1 for details of the method.) The method for patients' blast cells 
differed from that for cell cultures in that the cells were incubated with VP-16 for 60 min at a higher 
number of cells/ml. 
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ase II in patients' tumors, so its clinical 
relevance remains obscure. The functional 
consequences of Pgp overexpression or 
altered topoisomerase II are implied by 
their presence in clinical specimens. It is our 
opinion that functional assays coupled with 
biochemical or molecular assays for mark
ers of Pgp-MDR and at-MDR will be of 
considerable use in the diagnosis and treat
ment of tumors. 
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Development of Sensitive Assays to Detect Antifolate Resistance 
in Leukemia Blasts 

T. Trippett, 1. T. Lin, Y. Elisseyeff, M. Wachter, S. Schlemmer, B. Schweitzer, 
and 1. R. Bertino 

Introduction 

Despite the importance of drug resistance, 
both intrinsic and acquired following che
motherapy, relatively little is known of the 
mechanisms underlying resistance to che
motherapeutic agents in the clinic [1]. This 
lack of information is a result of the inher
ent difficulties in studying tumors from 
patients. Inadequate samples, tumor hete
rogeneity, and inability to obtain repetitive 
biopsies are some reasons for this paucity of 
information relative to the large amount of 
data regarding mechanisms of resistance to 
these drugs both at the phenotypic as well as 
the genetic level in experimental tumors. 

We have chosen acute leukemia as the 
prototype disease, since malignant cells 
(blasts) can be obtained in relatively high 
purity with relative ease (blood, marrow) 
and repetitive sampling is possible. Acute 
lymphocytic leukemia (ALL) is an ideal 
disease to examine mechanisms of acquired 
methotrexate (MTX) resistance. MTX is 
probably the key drug in the curative regim
ens for this disease; however, despite a 
90 %-100 % complete remission (CR) rate, 
most centers still report relapses in 
30 %-40 % of patients [2]. Acute nonlym
phocytic leukemia (ANLL) is an example 
of a human neoplasm that is intrinsically 
resistant to MTX; at the present time MTX 
is not used as part of treatment regimens for 
this disease. Study of ANLL thus allows an 

Memorial Sloan-Kettering Cancer Center. New 
York, USA 
* Professor J. R. Bertino was supported by 
American Cancer Society Grant #BE-40F. 

16 

understanding of mechanisms of intrinsic 
resistance to MTX. 

Mechanisms of Acquired Resistance to 
MTX 

MTX is an excellent model drug for the study 
of resistance. The major target for the drug is 
known (dihydrofolate reductase, DHFR) , 
and cell lines have been developed with 
acquired resistance to the drug both from 
animal and human tumors that show one or 
more different mechanisms of resistance: 
decreased influx (decreased VMAX or K,), 
increased DHFR, altered DHFR that binds 
MTX less tightly than the wild-type enzyme, 
or decreased retention due to decreased 
polyglutamylation (reviewed in [3]). 

Increased Levels of DHFR Via Gene Am
plification as a Cause of MTX Resistance 

Mouse, hamster, and human MTX-resistant 
cell lines with increased levels of DHFR 
activity have been described in recent years 
[3,5-10]. When these lines have been exam
ined with appropriate cDNA probes, in 
almost all cases gene amplification has been 
found to accompany the increase in DHFR 
level, as well as a corresponding increase in 
the level of mRNA(s) for this enzyme. One 
exception to this generalization is a MTX
resistant cell line described by Dedhar et al. 
that was reported to have an elevated level 
of DHFR, but did not have an increase in 
mRNA or DHFR gene copies [4]. 



Following reports, indicating that gene 
amplification was a common mechanism of 
resistance observed in cell lines exposed to 
gradually increasing doses of MTX, four 
case reports appeared in the literature, one 
of which was from this laboratory, indicat
ing that this event occurs in the clinic, albeit 
at low level, consistent with the expectation 
that a low level of amplification would be 
sufficient to cause clinical MTX resistance 
[11-14]. However, questions regarding the 
frequency with which this event occurs 
either in untreated or treated patients with 
malignancy, the stability of this type of 
resistance, or the influence of dose schedule 
on the frequency of resistance due to gene 
amplification, have not been adequately 
addressed. 

Altered DHFR as a Mechanism for MTX 
Resistance 

In experimental cell lines or in mouse 
tumors, alteration of DHFR as a cause of 
MTX resistance is less commonly observed 
than is impaired transport or an elevated 
DHFR [15]. In contrast to the relative 
infrequency of this mechanism of resistance 
in experimental human tumors, resistance 
to the antifolate, pyrimethamine, in falci
parum malaria is almost always due to 
mutations in DHFR that lead to decreased 
binding of the drug to this enzyme (re
viewed in [3]). It is of interest that in a 
recent study by Sirotnak (personal commu
nication), three of 20 L1210 tumors propa
gated in vivo had an altered DHFR follow
ing development of MTX resistance. We 
have employed polymerase chain reaction 
(PCR) technology to amplify and sequence 

both cDNA and the individual exons of 
DHFR to determine the mutations in sev
eral of these altered cell lines (Table 1). Two 
of these altered enzymes have been 
expressed in high yield in E. coli and their 
characteristics studied [16, 17]. A gly-->trp 
mutation, which is found in the backbone of 
the DHFR molecule rather than in the 
active site, is currently under study. 

It is now important to carefully examine 
human neoplams to determine if alterations 
in DHFR lead to intrinsic or acquired drug 
resistance. The possibility that inherent or 
natural resistance of ANLL to MTX is due 
to the presence of an altered form of DHFR 
in blasts of untreated patients has been 
suggested by the observations of Dedhar et 
al. [18]. This work, if confirmed, is of great 
potential importance for the understanding 
of natural and possibly acquired resistance 
to this drug. 

In order to elucidate whether such point 
mutations playa role in the clinically resis
tant patient, we determined the nucleotide 
sequence of the DHFR gene of eight 
patients: six patients with ALL (four 
relapsed and two with ALL at primary 
diagnosis) and two patients with acute 
myelocytic leukemia (AML) at the time of 
the primary diagnosis. DHFR cDNA was 
amplified using PCR technology and 
sequenced. In all cases only wild-type 
sequence was found. 

MTX Resistance Due 
to Impaired Transport 

Decreased MTX uptake may be due to a 
reduced influx (decrease in V MAX or altered 
Kt), or a decrease in retention (due to 

Table 1. Altered mammalian DHFR enzymes from MIX resistant cells 

Source 

3T6 (mouse) 
CHL (hamster) 
CRO (hamster) 
RCT8 (human) 
L1210 (mouse) 

ND, not determined 

Decrease in MTX 
binding to DHFR 

270 fold 
100 fold 
100 fold 
100 fold 
ND 

Mutation in 
coding sequence 

Leu 22~asp 
Leu 22~phe 
Leu 22~phe 
Phe 31~ser 
Gly 15~trp 

Reference 

[7] 
[8] 
[17] 
[16] 
Unpublished 
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decreased polyglutamylation). Decreased 
influx, like increased DHFR enzyme activ
ity is a common mechanism of MTX resis
tance in experimental tumors [15]. Several 
groups are actively pursuing the molecular 
nature of this resistance by attempting to 
isolate the carrier for this active transport 
system (the reduced folate transport car
rier) and to clone the gene or genes 
involved. Measurement of MTX uptake in 
patients with leukemia is difficult because 
of the number of cells required, issues 
related to quantitation (comparing sub
types of leukemia of varying cell size), and 
the requirement for untreated samples as 
well as samples after resistance develops. In 
addition to conventional uptake measure
ments, we have therefore explored the use 
of displacement assays in which cells are 
loaded with a fluorescent MTX compound 
[19-21], then displaced with either MTX or 
trimetrexate (TMTX); this latter drug does 
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not require the reduced folate carrier for 
uptake. PT430, Na_( 4-amino-4-deoxy-N10-
methylpteroyl)-NE-( 4'fluorescein thiocar
bamyl)-L-lysine, synthesized in the labora
tory of Andre Rosowsky at the Dana Farber 
Cancer Institute from fluorescein isothio
cyanate and the lysine analogue of MTX, 
serves as an intracellular marker for trans
port of antifolate analogues across the 
membranes of blast cells. The compound is 
extremely lipophilic, allowing for rapid 
entry into cells and establishment of steady 
state concentrations in a period of 2 h. No 
evidence of cytotoxicity to cells is noted. 
The assay system uses competitors of 
DHFR, MTX, and TMTX to distinguish 
between cells that manifest transport 
defects and sensitive cells. The CCRF-CEM 
parent and transport defective cell lines 
were clearly distinguished with this assay 
system (Fig. la, b). 
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Fig. 1a. Displacement of the fluorescein analogue of MTX, PT430, in the CCRF-CEM parent cell line 
when incubated with an increasing concentration of MTX (2 h). Displacement is most notable at 3 x 
10-7 MMTX. Displacement of PT430 is absent in the CCRF-CEM transport resistant cell line (CEMT) 
when incubated with an increasing concentration of MTX 

18 



130 
120 
110 

w 
100 () 

z 
90 w 

() 
(f) 80 ----6-----6 

0_0 O~~O 
w 
0::: 70 
0 
::::) 60 ....J 
LL 50 z 6 
<{ 40 w 
L 30 

20 
10 

0 
0 2 4 6 8 10 12 14 16 18 20 

o CEM/S CONCENTRATION TMQ CuM) 6 CEMIT 
Fig. lb. Displacement of PT430 in both the CCRF-CEM parent. and transp~rt resistant cell lines 
following incubation with an increasing concentration of TMTX. Displacement IS most notable at 3 x 
10-7 MTMTX 

Resistance Due ta Decreased MTX 
Palyglutamate Synthesis 

Data from several laboratories have 
emphasized the importance of MTX poly
glutamylation as a determinant of MTX 
cytotoxicity (reviewed in [3, 22]). Thus both 
intrinsic resistance to high pulse doses of 
MTX [23, 24] as well as acquired resistance 
may result from defective polyglutamate 
formation [25-27]. We recently examined 
the possibility that the dose schedule of 
MTX employed may influence the type of 
resistance obtained. CEM-CCRF cells were 
exposed to high pulse doses of MTX for 24 
h (either 3 or 30 f.\.M), and following 
regrowth, cells were repeatedly exposed to 
this drug in this same schedule. After 6-7 
cycles of exposure, cell growth was no 
longer significantly affected by this dose of 
drug. The mechanism of resistance found in 
these cell lines (CCRF-CEM R 3/7 and 
CCRF-CEM R 30/6) was impaired polyglu
tamylation [27]. Of great interest was that 
relative sensitivity of these cell lines to 

continuous exposure (for 72 h) of MTX was 
essentially unchanged. In collaboration 
with Dr. J. McGuire of Roswell Park, the 
MTX-resistant cell line was found to have 
an altered folylpolyglutamate synthetase 
enzyme (submitted for pUblication). 

In pediatric patients with ALL, White
head and colleagues have recently shown 
that good prognosis is correlated with the 
ability of blast cells to accumulate MTX 
polyglutamates [28]. In a preliminary com
munication, it was reported that blast cells 
from patients with ANLL formed fewer 
polyglutamates than cells from patients 
with ALL [29]. Our studies extend these 
studies and underscore the importance of 
polyglutamylation in natural and acquired 
resistance to MTX. 

Decreased MTX Polyglutamylation in 
ANLL Blasts as Compared to ALL 
Blasts 

Patients with ANLL are considered to be 
naturally resistant to MTX, with clinical 
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response rates of 15 % or less. To explore 
the reasons for this natural resistance, we 
examined several mechanisms known to 
produce MTX resistance in vitro, and com
pared these results with the results in a 
sensitive neoplasm, pediatric ALL. Com
paring the two neoplasms, we found no 
significant difference in DHFR activity. The 
level of DHFR activity found in our ANLL 
samples was similar to the activity of 0.012 
± 0.018 [.lmollh per mg protein found both 
in our previous studies and a recent report 
by Dedhar and colleagues [4]. Eighteen 
patients' samples were evaluated for forma
tion of MTX polyglutamates. No significant 
differences were seen in the total amount of 
MTX plus polyglutamates between the two 
neoplasms, suggesting that transport resis
tance is not a common mechanism of intrin
sic MTX resistance in ANLL. 

However, although the total MTX plus 
polyglutamates was the same in ANLL and 
ALL, we found lower levels of long chain 
polyglutamates formed in ANLL ceIls than 
in ALL ceIls, although the amounts of long 
chain polyglutamates formed by ANLL 
blast cells were quite variable, and some 
ANLL patient samples formed as much 
MTX polyglutamates as the pediatric ALL 
blast cells. These long chain polyglutamates 
are the forms of MTX that are retained in 
cells after the withdrawal of external drug, 
and therefore are the forms that are most 
significant for cytotoxicity following a short 
term exposure to drug. This difference 
could be due to a decreased formation of 
MTX polyglutamates due to an altered 
folypolyglutamate synthetase (FPGS), a 
decreased amount or altered regulation of 
FPGS, or an increased catabolism of MTX 
polyglutamates. Further studies are under
way to differentiate between these possibil
ities. 

This study, together with our previous 
data, provides for the first time a plausible 
explanation for the intrinsic resistance of 
most ANLL patients to MTX treatment. In 
ANLL blasts, the lack of accumulation and 
retention of MTX because of poor polyglu
tamylation leads to rapid efflux of unbound 
drug as extracellular concentrations de
crease, and DHFR levels in cells increase as 
a result of decreased DHFR degradation. 
As a consequence of both of these events, a 
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higher concentration of DHFR is present in 
these cells, and as MTX dissociates from 
the enzyme, sufficient activity returns to 
allow enough tetrahydrofolate to be formed 
to allow the cells to resume DNA synthesis 
(see below). 

MTX Polyglutamyate Formation in Adult 
Versus Childhood ALL 

Sixteen adult and seven pediatric patient 
samples were evaluated for formation of 
MTX polyglutamates. Although there was 
a significant difference in the amount of 
total MTX plus MTX polyglutamates 
found in adult versus pediatric ALL blasts, 
most adult ALL blast cell samples were able 
to accumulate significant amounts of MTX 
plus polyglutamates, suggesting that trans
port resistance is not a common form of 
intrinsic MTX resistance in adults with 
ALL. Of interest is that about half of the 
adult ALL samples formed as many long 
chain (glu 3-6) polyglutamates as pediatric 
ALL blasts, whereas the remainder formed 
significantly less. The worse prognosis of 
adult patients with ALL may be related to 
the decreased ability of ALL blast cells 
from a significant proportion of these 
patients to accumulate MTX and form 
MTX polyglutamates. The patients studied 
are being followed prospectively to deter
mine whether MTX polyglutamate forma
tion correlates with prognosis. 

"Induction" (Stabilization?) 
of DHFR after MTX Administration 

Several years ago we reported that after 
treatment with MTX, the level of DHFR 
increases in leukemia cells and even in 
normal leukocytes and erythrocytes [30, 
31]. The accumulated enzyme was found to 
be almost entirely bound to MTX, since 
activity at pH 5.9 was low or nondetectable, 
whereas there was good activity at pH 8.5, a 
pH at which MTX binds less tightly to 
DHFR [35]. When enzyme is freed from 
bound MTX by gel filtration at pH 9.0 in the 
presence of KCI, it has as much activity at 
pH 5.9 as at 8.5, consistent with the hypo
thesis that the accumulation of DHFR 
noted was due to complex formation 



between the enzyme and inhibitor in imma
ture cells, where the rate of synthesis of this 
enzyme is rapid. As a consequence of 
decreased degradation of the enzyme due 
to inhibitor binding, a high concentration of 
the complex persists for the lifetime of the 
cell [30, 31]. This process was studied furth
er in human lymphoblasts grown in vitro 
[32]. In the presence ofMTX, at concentra
tions that retarded growth only slightly, 
DHFR increased markedly during logarith
mic growth and persisted during plateau 
phase. Free reductase (assayed at pH 7.0) 
did not increase as compared to control 
cells. That the increased concentration of 
total reductase was due to decreased 
degradation of the enzyme was supported 
by experiments in which actinomycin D and 
cycloheximide were used [36]. However, it 
is also possible that an enhanced rate of 
expression of DHFR mRNA contributes to 
this increase. 

As a consequence of these experiments, 
and later studies with ANLL patients [33], 
we suggested [34, 35] that the formation of 
the MTX-reductase complex allowed a 
large accumulation of this enzyme, and 
even a small amount of dissociation would 
lead to sufficient tetrahydrofolate synthesis 
to allow DNA synthesis to recover.We have 
now initiated studies to show that this 
phenomenon is linked with MTX polyglu
tamate formation and intrinsic resistance of 
ANLL to MTX. 

Conclusions 

The availability of new technology has now 
made it possible to begin to carefully inves
tigate the basis of natural and acquired 
resistance to drugs. MTX is an important 
drug in the treatment of severe human 
malignancies, including ALL, and its 
mechanism of action is reasonably well 
established. It should be possible to further 
characterize the basis for natural and 
acquired resistance to this drug in acute 
leukemia, and based on this knowledge, to 
utilize this drug more effectively, as well as 
to develop alternative therapeutic opportu
nities. 
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Sequential Analysis of P-Glycoprotein Expression in Childhood 
Acute Lymphoblastic Leukemia 
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Introduction 

Tumor-cell resistance to cytotoxic drugs is 
thought to be a major cause of failure in the 
chemotherapy of malignant tumors. One 
type identified as multi drug resistance 
(MDR) in experimental systems including 
human tumor cell lines was first described in 
1970 in Chinese hamster lung and P388 
leukemia cells [1]. Resistant tumor cells 
exhibit decreased sensitivity, not only to the 
initial drug used to promote resistance but 
also to a variety of structurally diverse 
molecules to which they have not been 
previously exposed (reviewed in [21]). At 
the molecular level, such resistant cells have 
been found to exhibit increased expression 
of P-glycoprotein (P-gp), a 170-kDa trans
membrane glycoprotein encoded by the 
MDRI gene. The functionally relevant 
characteristic of MDR cells is a defective 
intracellular accumulation of cytotoxic 
drugs due to the overexpression of P-gp, 
which acts as an energy-dependent efflux 
pump for the transfer of cytotoxic drugs to 
the external medium. 

Recent studies using various molecular 
techniques and immunocytochemical me
thods have indicated that several untreated 
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human cancers including hematologic mal
ignancies are associated with increased 
expression of the MDRI gene, suggesting 
that P-gp may be responsible for intrinsic 
drug resistance [3, 4]. Very few data, how
ever, are as yet available on the expression 
of P-gp in acute lymphoblastic leukemia 
(ALL) [3,5-13], and sequential analyses to 
determine the clinical relevance of the 
MD R phenotype have only been performed 
in one longitudinal study of a small number 
of patients with ALL [13]. 

The present study in a large series of 
children with ALL therefore applied mono
clonal antibodies (mAbs) to different epi
topes of the P-gp molecule for performing 
sequential analyses of P-gp expression at 
initial diagnosis and in relapse and for 
correlating the MDR phenotype with res
ponsiveness to therapy. 

Patients and Methods 

This study included a total of 61 children 
with ALL, in 14 of whom P-gp expression 
was analyzed only at the time of initial 
diagnosis. Case control studies were con
ducted on leukemic cells (bone marrow 
and/or peripheral blood) of 47 patients at 
various phases of the disease: at diagnosis 
and first or further relapses (n = 34), at first 
and second or subsequent relapses (n = 6), 
and at diagnosis or relapse and blast persis
tence after induction therapy (n = 7). 

The 61 patients (37 males and 24 females) 
ranged in age from 5 months to 14 years. All 
patients achieved complete remission after 
initial induction therapy. Thirty-two pa-
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tients had an early relapse (during front
line treatment or within the first 6 months 
thereafter) and 15 a late relapse. Treatment 
was carried out in accordance with the 
therapeutic protocols of the ALL-BFM 81, 
83 and 86 studies [14]. 

Table 1 lists the properties of the three 
mAbs (C219, JSB-l, MRKI6) used for 
detecting P-gp expression [15-17]. In view 
of the localization of the P-gp epitopes, the 
reactivity of C219 and JSB-l was analyzed 
after fixation (acetone,S min, room tem
perature) by immunoperoxidase staining 

and that of MRK16 by both immunoperox
idase and the indirect immunofluorescence 
techniques, as previously described [18, 
19]. Murine antibodies ofthe isotypes IgGI 
and IgG2a were used as negative controls. 
The positive controls were two cell lines 
(CCRF and F4-6) whose characteristics are 
summarized in Table 2. The cell lines were 
maintained in RPMI 1640 medium (Gib
co/BRL, Eggenstein, FRG) supplemented 
with 10 % fetal bovine serum (Gibco), 5 
mM L-glutamine (Gibco), and 1 mM Napy
ruvate (Gibco). 

Table 1. Characterization of monoclonal antibodies 

MRK16 C219 

Reference [17] [16] 
Immunogen (cell line) K562 CHrA3 
Specificity detection Human ovarian Syrian hamster 

MDR cell lines cancer Mouse Human 
CCRF 

Immunoprecipitation Western blot Western blot 
analysis analysis 

Localization Extracellular Intracellular 
of the epitope 

Isotype IgG2a IgG2a 
Source (of supply) Tsuruoffokyo Centocorps 

Table 2. Characteristics of the MDR cell lines 

Species 
Initial cell line 

Cytostatic used for 
selection 

Concentration reached 
Relative resistance 

(IDso res/IDso sens) 
Resistant line 
Tested cross-resistance 

Drugs to which sensitive 
Method of detection of 
MDRIP-170 
Supplier 

CCRF 

Human 
T-ALL (ATCC CLL 119) 
CCRF-CEM 
Actinomycin D 

200 ng/ml 
348-fold 

CCRF-DAC 
Adriamycin, daunomycin, 
vincristine, vinblastine, VPI6, 
VM26 
Bleomycin, cisplatin, MTX 
Northern blot analysis 

Diddens/Llibeck 

JSB-l 

[15] 
CHrC5 
Human ovary (H134) Chinese 
hamster lung (DC3F) Human 
lung 
Western blot 
analysis 
Intracellular 

IgGl 
Sanbio 

F4-6 

Mouse 
Erythroleukemia (Friend vi
rus) F4-6WT 
Pyromycin 

1 [!g/l 
125-fold 

F4-6ADM 
Actinomycin D, daunomycin 

Aclacinomycin 
Gene amplification Northern 
blot, APAAP 
Ostertag/Hamburg 

res, resistant; sens, sensitive; VPI6, etoposide; VM26, teniposide; MTX, methotrexate; MDR, 
multidrug resistance; P-170, P-glycoprotein; APAAP, alkaline phosphatase-anti-alkaline phospha
tase technique 
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Results 

In cultured tumor cells, the mAbs JSB-1 
and C219 yielded reliably reproducible 
results with a negative reaction in the 
drug-sensitive cells and clearly positive 
staining in the drug-resistant cell lines. The 
mAb MRK16 unspecifically stained both 
parental cells and their Actinomycin D- or 
Adriamycin-resistant derivatives and was 
therefore not used in the investigations of 
ALL specimens. P-gp-positive cells were 
found in three of 48 patients examined at 
the initial presentation; the percentage of 
leukemic cells showing the MDR pheno
type in these cases ranged from 10 % to 
70 %. These patients achieved complete 
remission. The case control studies yielded 
indications of scattered P-gp-positive leu
kemic blasts in 11 patients at different 
phases of their disease. The further clinical 
course of these patients is summarized in 
Table 3. Of the five patients disclosing 
P-gp-positive cells at the first relapse, three 
achieved a second complete remission, and 
one of three children analyzed during the 
second relapse responded to chemotherapy. 
In contrast to the findings in the leukemic 
cell lines, those in the ALL investigations 
did not reveal a uniform reaction pattern for 
the mAbs C219 and JSB-1 inasmuch as 
positive staining was largely only detected 
with the latter. 

Discussion 

Our present study indicates that increased 
P-gp expression occurred infrequently in 
leukemia cells from children with ALL. 
Only three of 48 patients (6 %) disclosed 
P-gp-positive cells at initial presentation 
and 11 of 47 patients (23 %) at the relapsed 
stage. No clear correlation was evident 
between the MDR phenotype and respon
siveness to therapy. 

Very few studies have as yet evaluated 
the incidence and clinical implications of 
increased P-gp expression in childhood 
ALL. 

Arecentstudy did not detectP-gp-positive 
cells in 28 untreated and 14 relapsed children 
with ALL and concluded that the MDR 
phenotype is not an important mechanism of 
drug resistance in childhood ALL [12]. In 
accordance with our observations, two other 
reports described a relatively low frequency 
of P-gp expression in initial and relapsed 
childhood ALL [7, 8]. 

There are some possible explanations for 
the absence or low incidence of P-gp expres
sion in childhood ALL observed by us and 
others. Firstly, childhood ALL is consi
dered to be a chemoresponsive malignancy 
with remissions achieved in more than 95 % 
of patients at initial presentation [14]. 
Secondly, other mechanisms of cellular drug 
resistance or alterations of pharmacokine-

Table 3. Correlation between P-glycoprotein (P-170) expression and the clinical course 

Patient Time Positive mAb Further clinical course 

1 4 rei C219 Death 2 months after 4th rei 
2 1 rei C219/JSB-l 2nd rem, BMT, death 3 months after BMT 
3 1 rei JSB-l No th, death after 7 weeks 
4 1 rei JSB-l 2nd rem, 2nd rei after 10 months, death 6 weeks after 

2nd rei 
5 2 rei JSB-l Death 2 months after 2nd rei 
6 2 rei JSB-l Death 2 months after 2nd rei 
7 1 rei JSB-l 2nd rem, BMT, death 4 months after BMT 
8 1 rei JSB-l 2nd rem, 2nd rei after 10 months, death 2 months after 

2nd rei 
9 pers rei JSB-l Death in pers rei 

10 2/3 rei JSB-l 3rd rem, death 2 months after 3rd rei 
11 1 rei JSB-l Unknown 

rei, relapse; rem, remission; BMT, bone-marrow transplantation; th, therapy; pers rei, persistent 
relapse 
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tics may play a more important role in 
refractory childhood ALL patients [12]. 
Thirdly, studies evaluating the incidence of 
P-gp expression in childhood ALL were 
mainly performed in leukemia samples col
lected prior to the administration of chemo
therapeutic induction regimens or salvage 
protocols and might therefore have failed to 
detect the induced MDR1 product [6]. 

In contrast to these findings in ALL, 
other recent studies have indicated a sub
stantially higher incidence of increased 
MDR-J mRNA or P-gp expression both at 
diagnosis and relapse in myelodysplastic 
syndromes, acute myeloid leukemia, adult 
T-cell leukemia, and the blast crisis of 
chronic myeloid leukemia [13, 20-27]. Even 
more important for the clinical implications 
of the MDR phenotype were observations 
suggesting that the expression of P-gp and 
clinical refractoriness to chemotherapy are 
highly correlated in leukemic patients 
[23-27] and that the MDR phenotype can 
be reversed by various types of drugs includ
ing calcium-channel-blocking agents (e.g., 
verapamil), cyclosporin A and steroid anta
gonists (e.g., tamoxifen) [11, 28, 29]. These 
studies, however, mainly involved adult 
patients and demonstrated a more frequent 
overexpression of P-gp in patients with poor 
prognostic features such as a preceding 
myelodysplastic syndrome or acute myeloid 
leukemia following cytotoxic therapy for 
neoplastic disease or carcinogen expo
sure. 

While molecular techniques - e.g., use of 
nucleic acid probes for Northern blot ana
lysis as well as in situ hybridization or slot 
blot analysis to detect mRNA, and Western 
blotting to detect P-gp - are difficult and 
time-consuming [30]. Immunocytochemis
try and immunofluorescence with mAbs 
make it fairly easy to analyze a large 
number of tumor cells for P-gp expression at 
the single-cell level. Some authors, howev
er, have observed conflicting staining pat
terns when using different mAbs for detec
tion of the MDR phenotype in tumor cell 
lines as well as in neoplastic human tissues 
[6, 31, 32]. Therefore, the reliability of 
mAbs for detection of P-gp must be 
checked thoroughly before interpreting the 
results of anti-P-gp mAbs in clinical speci
mens. 
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Comparison of the three mAbs used in 
this study against different epitopes of the 
P-gp molecule yielded some variability of 
reactions in leukemic cell lines and ALL 
samples. Although the staining pattern 
with JSB-1 paralleled that of C219 in drug
resistant cell lines, the two mAbs did not 
show a uniform reaction pattern with blasts 
in ALL. Positive staining results in ALL 
samples were mostly obtained only with 
JSB-l. 

Other authors also reported a number of 
discrepancies such as weak staining with 
JSB-1 in the absence of MDR-J mRNA or 
diffuse positivity for C219 on neutrophils 
and some myeloid precursors [13, 21, 32]. It 
has therefore been proposed that a small 
panel of at least three anti-P-gp mAbs 
should be used and that a clinical specimen 
be considered P-gp-positive only if it reacts 
with all three mAbs [31]. Since MRK16 
cross-reacts with molecules other than P-gp 
and nonspecifically reacts in both drug
sensitive parental cell lines and fresh acute 
leukemia cells, positive results obtained 
only with MRK16 probably cannot be con
sidered as proof of the presence of P-gp [6, 
31,32]. 
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Expression of the MDRI Gene and Treatment Outcome 
in Acute Nonlymphocytic Leukemia 

R. Pirkerl,2,3, J. Wallner2, K. Geissler', P. BettelheimI, W Linkesch2, and K. Lechner! 

Introduction 

Drug resistance contributes to the poor 
prognosis of acute non lymphocytic leukem
ia(ANLL) [1,2]. In order to overcome drug 
resistance, knowledge of its exact nature is 
required. 

Multidrug resistance is due to the expres
sion of the MDRI gene and its protein 
product, P-glycoprotein [3]. This transmem
brane protein functions as an energy
dependent drug efflux pump for anthracy
clines and other hydrophobic natural com
pounds but does not affect alkylating agents 
and antimetabolites [3]. MDRI gene 
expression was detected in several normal 
human tissues [3] and in malignancies [4-7]. 
The observation of occasional expression of 
the MDRI gene in ANLL [4] led us to study 
the MDRI gene expression in de novo 
ANLL in a prospective manner and to 
assess its impact on treatment outcome. 
Our results, which have been described in 
detail elsewhere [6], are summarized in this 
report. 
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Patients and Methods 

Patients 

From early 1988 to spring 1990, 50 conse
cutive patients (28 females, 22 males), aged 
18-80 years (median 54), were studied. De 
novo ANLL was diagnosed according to 
standard criteria. Remission induction che
motherapy, described in detail elsewhere 
[6], was as follows: 39 patients received 
daunorubicin plus cytosine arabinoside 
(DA protocol), nine patients received these 
two drugs plus thioguanine (DAT chemo
therapy) and two patients received high
dose cytosine arabinoside plus mitoxan
trone (C-HAM chemotherpay). These pro
tocols were equally distributed between 
MDRI RNA negative and positive patients 
[6]. Consolidation therapy consisted of 
either a DA protocol or C-HAM chemo
therapy. 

Leukemic Cells and Cell Lines 

Blast cells were isolated from peripheral 
blood or bone marrow specimens as 
described [6]. Drug-sensitive KB-3-1 cells 
and multidrug-resistant KB-8-5 cells (pro
vided by Dr. I. Pastan, National Cancer 
Institute, NIH, Bethesda, MD, USA) were 
grown as described [7]. 

Determination of MDRI Gene Expression 

MDRI gene expression was determined at 
diagnosis prior to induction chemotherapy 
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by measuring MDRI RNA levels of blast 
cells, using a slot blot technique as 
described by Pirker et al. [6] and Wallner et 
al. [7]. 

Hybridization was performed with a 
radiolabeled MDRI cDNA (probe 5A; pro
vided by Dr. I. Pastan and Dr. M. Gottes
man, address as above). The MDRI RNA 
signal in drug-sensitive KB-3-1 cells was 
negative, whereas an arbitrary value of 30 
units was assigned to the MDRI RNA 
signal of 10 ~g RNA from KB-8-5 cells [6, 
7]. RNA loading was normalized to actin 
expression [6, 7]. 

Statistical Analysis 

Durations of survival were estimated 
according to Kaplan-Meier. Comparison 
between MDRI RNA positive and negative 
patients was done with the log-rank test. 
Frequencies were tested by chi-square 
tests. 

Results 

In 50 previously untreated patients with de 
novo ANLL, MDRI RNA levels of blast 
cells were negative in 22 % and positive in 
78 % (Table 1). Expression of the MDRI 
gene was termed positive when MDRI 
RNA was detected in peripheral and/or 
bone marrow blast cells. In most patients 
whose blasts were studied from both 
sources, there was no difference in MDRI 

gene expression between peripheral blasts 
and bone marrow blasts [6]. 

Age, white blood cells, percentage of 
blasts, lactate dehydrogenase and duration 
of observation were not different between 
MDRI RNA negative and positive patients 
[6]. 

The complete remission (CR) rate was 
66 % for the whole study population (Ta
ble 1), but it was lower for patients with 
MDRI gene expression than for patients 
with undetectable expression (59 % vs 
91 %; p = 0.048). The CR rates for patients 
with low, intermediate and high MDRI 
RNA levels were 75 %, 56 % and 53 %, 
respectively. Expression of the MDRI gene 
occurred in most patients refractory to 
chemotherapy and in all eight patients who 
expired within 4 weeks after treatment 
(Table 1). 

At a median follow-up of 10 months, the 
durations of both overall survival and dis
ease-free survival were significantly longer 
for the MDRI RNA negative patients than 
for the positive patients (p = 0.044 and 
0.016, respectively) (Fig. 1). 

Discussion 

MDRJ gene expression, which was ob
served in 78 % of the untreated ANLL 
patients, was associated with lower CR 
rates, refractory disease, early death, and 
shorter duration of disease - free, as well as 
overall survival. These results indicate that 
drug-resistant cells are present already at 

Table 1. MDRI RNA levels and outcome of induction chemotherapy 

Status of patient 

MDRI RNA negative 
MDRI RNA positive 

Low levels «2 U) 
Intermediate levels (2-9 U) 
High levels (> 9 U) 

All 

Number of 
patients (%) 

11 (22) 
39 (78) 
8 (16) 

16 (32) 
15 (30) 
50 (100) 

Number of 
patients with 
CR(%) ED RD 

10 (91) 0 1 
23 (59) 8 8 

6 (75) 1 1 
9 (56) 4 3 
8 (53) 3 4 

33 (66) 8 9 

The CR rate of the MDRI negative patients was significantly higher than the CR rate of the po
sitive group (P = 0.048) 
CR, complete remission; ED, death within 4 weeks after treatment; RD, resistant disease; U, 
units 
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Fig. 1. MDRI RNA levels and survival. Durations of both disease-free survival and overall survival 
were estimated according to Kaplan-Meier 

diagnosis and suggest that multidrug resis
tance is important for clinical drug resis
tance in ANLL. Other investigators also 
recently reported that expression of the 
MDRI gene (or P-glycoprotein) did occur in 
ANLL [8-10] and that this expression was 
associated with lower CR rates and shorter 
remission duration [8] as well as resistant 
disease [9]. 

Our findings could have impact on the 
current therapeutic strategies in ANLL. 
Since our results suggest that it is necessary 
to overcome multidrug resistance in order 
to improve the clinical outcome, clinical 
trials to overcome multidrug resistance by 
combining chemotherapy with reversing 
agents such as verapamil, verapamil analo
gues [11, 12] or cyclosporines [10] are 
warranted. Determination of MDRI gene 
expression should also be helpful for select
ing patients for high-dose chemotherapy or 
early bone marrow transplantation. Finally, 
patients with undetectable MDRI RNA 
levels might be candidates for less aggres
sive treatment. 

Summary 

To prospectively assess the role of the 
MDRI gene expression in acute nonlym
phocytic leukemia (ANLL), MDRI RNA 
levels of blast cells were determined at 
diagnosis and correlated with treatment 

outcome 10 50 patients with de novo 
ANLL. 

MDRI RNA levels were negative in 22 % 
and positive in 78 % of the patients. The 
complete remission (CR) rate of induction 
chemotherapy was 66 % for the whole study 
population. However, the CR rate was 91 % 
for MDRI RNA negative patients and 59 % 
for MDRI RNA positive patients (p = 
0.048). Kaplan-Meier curves revealed a 
decrease in duration of both disease-free 
survival and overall survival of patients with 
detectable MDRI gene expression as com
pared to the survival durations of MDRI 
RNA negative patients (P = 0.044 and p = 
0.016, respectively). These data suggest that 
the MDRI gene is a clinically relevant 
drug-resistance gene in ANLL. 
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Multidrug Resistance Proteins and their Functional Modulation 
in Human Leukemias as Analyzed by Flow Cytometry 

L. Van Hove, K. Van Acker, and M. Boogaerts 

Introduction 

Resistance to chemotherapy is one of the 
major problems in the treatment of leuke
mia patients, and much effort has been put 
into elucidating the mechanisms. Several 
types of drug resistance have been identi
fied with cell lines made highly resistant to 
different types of anticancer agents. One of 
the most important phenomena found is the 
multi drug resistance (MD R) phenotype [5]. 
MDR cells are resistant to a variety of 
naturally occurring drugs, like anthracy
clines and vinca alkaloids. MDR is often 
associated with the presence of a 170 kDa 
transmembrane glycoprotein (P-glycopro
tein) , encoded by the human mdrl gene. 
P-glycoprotein functions as a rapid drug
efflux pump, resulting in a decreased, less 
toxic, intracellular drug accumulation. In 
humans a second highly homologous mdr 
gene has been identified, called mdr3 [6]. A 
P-glycoprotein of the mdrl gene has been 
found to be active in human leukemias. 
Only one report suggests a functional drug
efflux pump to be active in some chronic 
B-cell lymphocytic leukemias, as a mdr 3 
gene product [4]. 

Here we report on P-glycoprotein expres
sion, as mdrl and mdr3 gene products and 
intracellular drug accumulation in human 
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leukemias and their MDR modulation by 
cyclosporin A. 

Materials and Methods 

Patients 

Of the 30 leukemia/lymphoma patients stu
died, 12 were untreated at the time of 
sample collection. Diagnosis was per
formed on the basis of the FAB and mor
phologic, immunologic and cytogenic 
(MIC) standard criteria [1, 2]. Treated 
patients always received at least one MDR
related drug e.g., vincristine, daunorubicin, 
or etoposide. 

The leukemia cells were obtained from 
peripheral blood or bone marrow contain
ing more than 30 % malignant cells. Blood 
was anticoagulated with ethylenediamine
tetraacetate (EDTA), bone marrow with 
heparin. The erythrocytes were removed by 
hypotonic lysis. 

Cell Lines 

The drug-sensitive K-562 chronic myeloid 
leukemia cell line and its MDR variants 
K-562NLB20 and K-562NLBso, resistant to 
20- and 50-ng/ml vinblastine, were used. 
Cells were grown in plastic flasks in Iscove's 
modified Dulbecco's medium (IMDM), 
supplemented with 10 % fetal calf serum at 
37°C in a humidified atmosphere of 5 % 
CO2 in air. The resistant variants were 
obtained by growing the K-562 cells with 
increasing amounts of vinblastine. 
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Flow Cytometry 

P-170 glycoprotein quantitation 

Cells were fixed with methanol (70 % ) for 8 
min at -20°C, washed twice in phosphate
buffered saline (PBS), resuspended in 20 1-11 
of fluorescein isothiocyanate (FITC)-con
jugated C-219 monoclonal antibody 
(MoAb) (50 I-1g/ml) and incubated for 1 hat 
4°C, washed twice in PBS and analyzed with 
a FACScan flow cytometer (Becton Dickin
son, Erembodegem, Belgium). A FITC
conjugated isotype-matched irrelevant 
mouse immunoglobulin (IgG2a) was always 
included as control. Staining with MRK-16, 
kindly provided by Dr. Tsuruo, Tokyo, 
Japan, was similar to that with C-219, 
except that fresh, unfixed cells were used. 
MRK-16 was diluted to 30 I-1g/ml in PBS 
containing 10 % human AB serum and, 
following secondary antibody reaction, the 
cells were fixed in 0.5 % paraformaldehyde. 
The proportion of cells expressing P-170 
was calculated by determining the propor
tion of cells that had P-170-related (green) 
fluorescence above that of matching control 
(specific fluorescence). The level of P-170 
expression was determined from the inten
sity of specific P-170-related fluorescence 
on a 104 fluorescence log scale and 
expressed as a P-170 ratio. 

Drug Uptake Kinetic Studies 

In vitro daunorubicin (DNR) uptake kine
tics of leukemia cells were measured with a 
FACScan at 1 min intervals. The cells (5 x 
105/ml in Hanks' medium with glucose, Ca 
and Mg ions, but without phenol red) were 
kept at 37°C in a reaction vessel surrounded 
by a thermostated water jacket. For each 
cell, forward light scatter, perpendicular 
light scatter, and DNR fluorescence 
(through a 585/42 nm long pass filter) data 
were stored. Data concerning 3000 cells at 
25 selected time points, before and after the 
addition of DNR or MDR modifying 
agents, were collected. Dead cells and 
debris were excluded during the analysis. 
Dead cells were identified by staining with 
the nonvital dye propidium iodide. In the 
drug accumulation curves, the mean DNR 
fluorescence of the leukemic subpopulation 
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(calculated at each of the 25 time points of 
data collection) is plotted versus the time 
after addition of the drug or its modifier. 

Results 

An example of P-150 flow cytometry 
(FCM) analysis is illustrated in Fig. 1 A, B. 
The vinblastine-resistant K-562IVLB2o cell 
line showed 25-fold higher P-170 expression 
than its vinblastine-sensitive parent K-562. 
There was marked heterogeneity in P-170 
expression on both the resistant and parent 
cells by immunocytochemical P-170 analy
sis (data not shown). The FCM reactivity 
patterns of these cell lines with the two 
MoAbs, C-219 and MRK-16, were remark
ably similar (r = 0.83) and correlated 
directly with the level of drug resistance in 
tissue culture (r = 0.94, r = 0.65) and with 
the steady state (plateau) level of DNR 
accumulation in the cells (r = 0.81, r = 

0.99). The proportion of P-170+ cells in 
blood and bone marrow of healthy adult 
donors was always lower than 1 %, with an 
intensity of specific P-170-related fluores
cence (level of P-170 expression) smaller 
than 1.6 ± 0.53. 

Heterogeneity in P-170 expression was 
also observed in clinical samples. In Fig 1 B 
a case of acute myeloid leukemia (AML) 
Ml with 100 % P-170+ myeloblasts and a 
high level of P-170-related fluorescence 
(P-170 ratio = 5.5:1) is shown. Increased 
P-170 expression was more frequently 
found with C-219 than with MRK-16. In 
Table 1, the obtained results on P-170 
expression and DNR accumulation in clini
cal samples are summarized. Of 18 acute 
leukemias, seven (39 %) contained more 
than 30 % P-170+ blasts (see Table 1, cases 
1,2,4,5,6, 7 and 8) and six (34 %) has a 
P-170 expression greater than 2.5. No cor
relation (r = 0.13) was found between these 
two parameters, although they pointed in 
the same direction. Half of the leukemias 
were treated and they were classified either 
as acute lymphoblastic leukemia (ALL) or 
AML. Both AMLs, postmyelodysplasia, 
showed a P-170 ratio of or greater than 
3.0: 1. Of 12 chronic hematologic disorders, 
three (25 % ) had a P-170 ratio greater than 
2.5: 1 (one chronic lymphocytic leukemia 
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Fig. lA, B. Overlay histograms of P-glycoprotein expression on K-562 cells (A) and on an AML Ml 
blood sample (B), analyzed with MoAb C-219. A K-562 parent cells with MoAb C-219 (- - -), K-562 
parent cells with isotypic control (. . .), K-562IVLB2o vinblastine-resistant cells with isotypic control 
( ..... ), and K-562IVLB2o with MoAb C-219 (-); all cells expressed P-170 and a P-170expression ratio 
of25 : 1 is found. B AML Ml cells with isotypic control ( ... ) and AML Ml cells with MoAb C-219 (-): 
all cells expressed P-170 and a P-170 ratio of 5.5 : 1 is found 

(CLL), one chronic myeloid leukemia 
(CML) and one multiple myeloma; the last 
two were treated). Except for the CLL, 
these samples contained less than 50 % 
malignant cells. 

DNR accumulation kinetics by FCM 
were performed in 14 cases (see Table 1 for 

relevant cases). Lowered intracellular drug 
accumulation is related with the MDR 
phenotype and can be restored by MDR 
modifiers, like cyclosporin A. In order to 
have an idea of drug-accumulation-curves 
in MDR, DNR uptake was studied first in 
sensitive and vinblastine-resistant K-562 
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Table 1. Clinical and flow cytometric MDR data on leukemia/lymphoma patients 

Cases Class Treatment Response P-170 glycoprotein DNR accumulation 
kinetics 

P-170+ P-170 ratio DNR Cyclosporin 
cells (%) plateau A reversal 

(%) 

1 Pre-pre-B ALLh PD + 73 1.7 40 ND 
ALL 

2 Pre-pre-B ALL",VIM RE 75 3.0 71 0 
ALL 

3 C-ALL None 0 ND 39 ND 
4 C-ALL None 71 3.5 65 0 
5 AMLMO None 36 2.7 70 6 
6 AMLM1 Hovon4 PD 100 5.5 ND ND 
7 AMLM4 None 79 1.7 78 0 
8 AML post- Ara-C, VP-16. PD 46 3.0 ND ND 

MDS Mitoxantrone 
9 BCLL Chlorambucil, PD + 11 1.7 62 12 

VIM. CEP 
10 BCLL Prednimustine PD 7 2.4 67 20 
11 Kahler VAD PD 1.2 60 ND 
12 Kahler VAD PR 52 2.6 ND ND 

ALL, acute lymphoblastic leukemia: AML. acute myeloid leukemia: MDS, myelodysplastic syn-
drome: CLL chronic lymphocytic leukemia: DNR, daunorubicin: Ara-C, cytosine arabinoside; 
ALL': scheme in adults consists of cyclophosphamide, vincristine, daunorubicin, asparaginase 
and prednisone, ALU: scheme in children consists of the EORTC protocol nr. 58881 (vincris-
tine, daunorubicin, ARA-C ... ), ND, no data: None, no treatment at diagnosis: CR, complete 
remission; PD, progressive disease: +. death: RE, first relapse: PR, partial response 

cells (Fig. 2A) and on normal blood and 
bone marrow. K-562NLB5o cells, resistant 
to clinical relevant levels of vinblastine and 
DNR, accumulated only 25 % DNR com
pared to the K-562 parent cells. Saline had 
no effect on DNR accumulation by these 
cells, whereas the addition of cyclosporin A 
to K-562NLBso led to a complete restored 
accumulation profile (factor 5). No signifi
cant effect on K-562 parent cells was found. 
For normal blood and bone marrow cells, 
mean DNR accumulation values of 120 
fluorescence intensity units (FlU) were 
found. Minor differences in DNR accumu
lation were observed between lymphocytes 
and neutrophils (98.3 FlU ± 4.4 and 143.5 
± 1.5). Addition of cyclosporin A increased 
DNR accumulation by a factor of 1.15 ± 
0.05. Eight pathology cases were studied for 
cyclosporin A reversal of the MDR pheno
type. Of the 14 cases studied, 13 (93 %) 
showed a clear decreased DNR accumula-
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tion. Five of them (36 %) contained an 
increased proportion of P-170+ cells (cases 
1,2,4,5 and 7, Table 1) and three (21 %) 
expressed also a higher level of P-170 (cases 
2, 4 and 5). No correlation was found 
between P-170 expression and DNR accu
mulation in these clinical samples (r = 
0.07). However, two pre-pre-B ALLs with 
progressive disease (cases 1 and 2, Table 1) 
and three leukemias at diagnosis (cases 4,5 
and 7) also showed an increased proportion 
of P-170+ cells as a reduced drug accumu
lation. Some leukemias, particularly B
CLL, and myelomas, expressed normal 
levels of P-170, but were deficient in DNR 
accumulation. In vitro addition of cyclospo
rin A, studied in eight cases, demonstrated 
an increased DNR accumulation effect in 
two CLLs (of about 12 % and 20 % ). Both 
had been treated before and had progres
sive disease and no increased expression of 
P-170. One of them is shown in Fig. 2B. 
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Fig. 2A, B. Daunorubicin (DNR) accumulation in vitro by the K-562 leukemic cells (A) and by the 
CLL cells (B) of a patient. Values are expressed as DNR fluor,escence intensity in arbitrary units 
(Y-axis). A K-562 parent cells and K-562NLBso vinblastine-resistant cells. B B-CLL cells from a blood 
sample. At t = 0, DNR was added to the cell suspension (final concentration 4 11M). Arrows indicate 
the time point of addition of cyclosporin A (Cy-A) (final concentration 3 1tM) 
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Discussion 

While the MDR phenotype is a well
established phenomenon in cell lines sel
ected for resistance to high concentrations 
of certain drugs, it has not yet been recog
nized as a major mechanism for clinical drug 
resistance. Several problems have inter
fered with the assessment of the clinical 
relevance of MDR, including (a) the com
plexity of treatment protocols, (b) the diffi
culty in quantitating therapy responses, and 
( c) the lack of standardized methods for 
quantitating P-170 expression and drug 
accumulation in heterogeneous clinical 
samples. By FCM analysis of the MDR 
phenotype on leukemic cells of individual 
patients, a marked heterogeneity was 
found. Among the parameters examined, 
reduced DNR accumulation was most fre
quently observed (93 %), followed by an 
increased proportion of P-170+ cells 
(37 % ), a raised level of P-170 expression 
(31 %) and the reversal of drug accumula
tion by cyclosporin A (4%). The MDR 
phenotype differed from the resistant K-562 
cell lines in that no correlation was found by 
orthogonal regression analysis between 
P-170 expression and drug accumulation for 
the clinical samples. These observations 
suggest the presence of different types of 
drug efflux pumps on acute leukemias, 
CLLs and myelomas. They can be visual
ized by a well-standardized DNR accumu
lation assay, but not by the MoAbs C-219 
and MRK-16, directed against different 
epitopes on the P-170 glycoprotein, a mdrl 
gene product. Some of these P-170 negative 
efflux pumps might represent mdr3 gene 
products, recently described by Herweijer 
et al. [4]. This is probably so for the CLLs 
with clinical evidence of drug resistance, 
since they accumulated only low amounts of 
DNR which was reversed by cyclosporin A. 
For the first time, we demonstrated that 
only P-170 glycoproteins can be visualized 
by the MoAbs C-219 and MRK-16, but not 
mdr3 gene products or other types of drug 
efflux pumps. These observations indicate 
the necessity to incorporate a well-standar
dized DNR accumulation assay into the 
procedures for MDR phenotyping of indi
vidual leukemias and lymphomas. Standar
dization of FCM procedures for MDR 
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analysis include negative controls, like iso
typic irrelevant antibodies and the repeti
tive analysis of normal blood or bone 
marrow samples and positive controls that 
can consist of the analysis of drug-resistant 
cell lines, like our K-562NLB variants. 
P-170 glycoprotein can best be visualized by 
the P-170 ratio, representing the P-170 
expression level. Some leukemias with a 
low expression level, but a high proportion 
of P-170 weakly positive cells, might falsely 
explain the MDR phenotype as an 
increased expression of P-glycoprotein and 
hide, at the same time, some of the other 
efflux pumps. This might explain why no 
better correlation was found between P-170 
glycoprotein expression, P-170+ cells and 
DNR accumulation in these clinical sam
ples, which oppose our findings on the drug 
resistant K-562 cell lines and data published 
by other authors [3]. Therefore, we suggest, 
that observed P-170 overexpression should 
always be followed by further FCM analysis 
of the absolute numbers and proportion of 
P-170+ cells and by drug accumulation 
studies. If then an increased proportion of 
P-170+ cells is found together with overex
pression of P-170 and reduced drug accumu
lation, the overexpression of a mdrl gene 
product is almost certain. Only by FCM can 
such combined observations be made as 
well in progressive leukemias as in newly 
diagnosed, untreated leukemias and lym
phomas. Therefore, FCM may be useful in 
identifying patients prior to therapy who 
are likely to develop clinical MDR. More
over, increased drug accumulation on addi
tion of cyclosporin A, especially seen in 
progressive CLL patients, suggests the 
incorporation of MDR modifiers, like 
cyclosporin A, into the therapy protocols 
for leukemia and lymphoma with an MDR 
phenotype sensitive to MDR modifiers. 

Summary 

Typical multidrug resistance (MDR) in 
human cell lines is caused by overactivity of 
unidirectional transmembrane drug efflux 
pumps, encoded by the mdrl and mdr3 
genes. There is increasing evidence that 
overexpression of P-170 glycoproteins, as 
mdr-l gene products, playa crucial role in 



resistance to anticancer agents in several 
tumor types. However, only few data are 
available on other drug efflux pumps and 
drug resistance. Therefore, we studied 
tumor cell-associated expression of MDR 
with monoclonal antibodies (MoAbs) 
C-219 and MRK-16 and by intracellular 
accumulation of daunorubicin (DNR), 
using flow cytometry (FCM) on leukemias 
and lymphomas. By FCM analysis a marked 
heterogeneity was found in P-170 expres
sion on the resistant cell lines and on 30 
clinical samples. From the evaluated para
meters, reduced DNR accumulation was 
most frequently seen (93 % ), followed by 
increased proportions of P-170+ cells 
(37 % ), a raised P-170 expression level 
(31 %), and the reversal ofDNR accumula
tion by cyclosporin A (4 % ). Findings were 
unlike those for the resistant cell lines; no 
correlation was found between P-170 
expression and DNR accumulation. This 
indicates the necessity to incorporate stan
dardized DNR accumulation asssays for the 
identification of drug efflux pumps differ
ent from the P-170 glycoproteins. Only the 
mdrl gene products can be identified by the 
MoAbs C-219 and MRK-16. P-170 negative 
efflux pumps can only be visualized by 
DNR accumulation studies, as proven by 
our study on five drug-resistant chronic 
lymphocytic leukemias (CLLs), which 
showed that only one had a minor overex
pression of P-170, but that all showed a 
reduced DNR accumulation that could be 
increased by cyclosporin A. These observa
tions were as well made in treated as newly 
diagnosed patients with acute leukemia 
(18), myelodysplasia (1), chronic myeloid 
leukemia (CML) (1), B-CLL (5) and multi
ple myelomas (5). The presence de novo of a 
high percentage of P-170+ cells with high 
P-170 expression and a reduced DNR accu
mulation, warrants systematic combined 

FCM analysis of P-170 expression prior to 
therapy to determine the implications for 
clinical therapy in acute and chronic leu
kemias and lymphomas expressing different 
types of drug efflux pumps, in particular, 
for response to treatment combinations of 
cytotoxic drugs plus agents that reverse 
MDR. 
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Reversal of Multidrug Resistance 
with a New Calcium/Calmodulin Antagonist 

E. Rollerl, B. Benz l, M. Eichelbauml, V. Gekeler\ K. Haufiermannl, B. Klumppl, 
and K. Schumacherl 

Introduction 

One of the major problems limiting optimal 
chemotherapy is the development of tumor 
cells with multidrug resistance (MDR) dur
ing treatment. These cells are cross-resistant 
to structurally different natural occurring 
drugs. One form of MDR is related to a 
reduction of drug accumulation in the resis
tant cells [7]. The drug efflux mechanism 
seems to be mediated by a 170 kDa plasma 
membrane glycoprotein which acts as an 
ATP-dependent drug efflux pump [4]. The 
MDRI gene encodes for this protein, 
termed P-glycoprotein [2, 3]. 

Different classes of heterocyclic com
pounds were able to reverse the MDR 
phenotype in vitro [5, 6]. One group of 
these modulators belongs to calcium anta
gonists. 

Niguldipine (BS59-34), a dihydropyrid
ine, is clinically used because of its antihy
pertensive effects [10]. The (-)isomer 
BS59-35 has about 35- to 40-fold less effect 
on blood pressure [10]. Antiproliferative 
effect of BS59-35 on small cell human lung 
tumor cells in vitro and for neuroendocrine 
lung tumors and nasa cavity tumors induced 
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in hamsters in vivo has been demonstrated 
[11]. 

Material and Methods 

Chemicals 

BS59-35, BS59-34 and BS909-00S were gifts 
from Byk Gulden, Konstanz, FRG, while 
3-( 4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) and vincristine 
were purchased from Sigma Chemicals, 
Munich, FRG. 

Cell Lines 

The human Iymphoblastoid cell line CCRF
CEM and its drug-resistant subline VCR 
1000 were gifts from V. Gekeler, Tiibingen, 
FRG. 

Cytotoxicity Assays 

The MIT assay was used to determine 
chemosensitivity [S]. 

Discussion 

VCR 1000 cells are 1760-fold more resistant 
to vincristine than the parental cell line 
CCRF-CEM. They are also cross-resistant 
to daunomycin, adriamycin, and actinomy
cin D and show an increased expression of 
P170-glycoprotein as described by Gekeler 
et al. [2]. 



Table 1. Effects of modulators on VCR 1000 cell growth without addition of cytostatica 

Growth inhibitiona (%) 

[lM ( -) Enantiomer ( +) Enantiomer Metabolite 

10 100 ± 0.0 100 ± 0.0 93 ± 6.5 
5 97 ± 4.8 38 ± 2.5 56 ± 4.5 
2 41 ± 8.3 9 ± 9.0 4 ± 4.7 
1 17 ± 7.5 5 ± 4.5 9 ± 1.8 
0.1 1 ± 0.5 2 ± 0.7 1 ± 0.3 

a % growth inhibition determined with the MTT test; mean of five measurements ± SD 

Table 2. Effects of modulators on CCRF-CEM cell growth without addition of cytostatica 

Growth inhibitiona (%) 

[lM ( -) Enantiomer ( +) Enantiomer Metabolite 

10 100 ± 0.0 100 ± 0.0 46 ± 10.5 
5 35 ± 4.1 45 ± 3.5 16 ± 3.5 
2 12 ± 6.4 19 ± 3.0 8± 3.0 
1 5 ± 5.0 9 ± 8.5 1l± 2.0 
0.1 1 ± 1.0 2 ± 1.5 1 ± 0.0 

a % growth inhibition determined with the MTT test; mean of five measurements ± SD 

In Vitro Cytotoxicity Studies 

Cytostatic activity of the modifiers was 
established using the MTT test. As shown 
in tables 1 and 2, each of the tested modif
iers has an antiproliferative effect on VCR 
1000 cells in concentrations ranging from 1 
to 5 [lM without addition of any cytostatica. 
A total cell kill was achieved for the ( + ) and 
( -) enantiomer at a concentration of 10 
[lM. For comparison we also tested the 
parental drug-sensitive cell line CCRF
CEM. At 2 [lM and 5 [lM, B859-35 growth 
of the resistant cells was inhibited by about 
41 % and 97 % respectively, whereas the 
sensitive cells were inhibited by about 12 % 
and 35 %. For the tested (+) enantiomer 
there was less difference between the two 
cell lines, whereas the metabolite acted in a 
manner comparable to B859-35. The regu
latory mechanism for neoplastic cell growth 
seems to be more sensitive for B859-35 in 
VCR 1000 than in CCRF-CEM cells. This 
proliferation inhibition is independent of 

blocking a calcium/calmodulin-dependent 
second messenger pathway, because B859-
34 with higher affinity to calcium channels 
[1] is less active. 

Effects of Modulators on Drug Sensitivity 

In the presence of cytostatica (1 [lg/ml 
VCR, a nontoxic concentration for VCR 
1000 cells), an additive effect on cytotoxic
ity could be seen for all tested chemosensi
tizers (Table 3). The addition of B859-35 (1 
[lM) led to an enhancement of cytotoxicity 
(97 %) compared to the untreated control. 
Cells were sensitive to the modifier per se, 
but the combination of cytostatica (VCR 1 
[lg/ml) in a suboptimal dose with the anta
gonist (B859-35, 1 [lM) resulted in a sixfold 
higher cell-kill compared to B859-35 growth 
inhibitory effect alone. The mechanism of 
modulation seems to be related to the 
affinity of the modulators to P-glycoprotein 
[6]. The competitive inhibition of the drug 
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Table 3. Effects of modulators on VCR 1000 cell growth with addition of cytostatica 

Growth inhibitiona (%) 

[!M ( -) Enantiomer ( +) Enantiomer Metabolite 

10 100 ± 0.0 100 ± 0.0 100 ± 0.0 
5 100 ± 0.0 100 ± 0.0 100 ± 0.0 
2 99 ± 2.8 95 ± 1.1 89 ± 9.3 
1 97 ± 3.1 41 ± 7.2 23 ± 6.8 
0.1 21 ± 4.3 9 ± 1.5 8 ± 2.3 

a % growth inhibition determined with the MTT test; 1 [!g/ml vincristine was added to the me
dium; mean of five measurements ± SO 

efflux pump leads to increasing intracellular 
concentration of the cytostatica [12]. 

Calcium channel blocking activity per se 
seems not to be necessary for the reversing 
potency. This fact has already been shown 
for the two enantiomers of verapamil [5, 
9]. 

B859-35, with less effect on blood pres
sure, reduces tumor cell proliferation and 
potentiates the effect of suboptimal vincris
tine concentration in resistant cells express
ing P-glycoprotein. 

So we conclude that B859-35 should be 
tried as a new antitumor agent; further
more, it seems to be a promising modulator 
ofMDR. 

Summary 

Calcium antagonists are the most effective 
chemosensitizers of multi drug resistance 
(MDR) in experimental cancer chemother
apy. We tested a new calcium/calmodulin 
antagonist with 1,4 dihydropyridine struc
ture for its MDR-reversing potency using 
the enantiomers (- )B859-35 [(-)-3-
methyl-5- (3- (4,4-diphenyl-1-piperidinyl)
propyl) -1,4-dihydro-2,6-dimethyl-4- (3-
nitro-phenyl) -pyridine-3,5-dicarboxylate
hydrochloride] and (+ )B859-34 (Niguldi
pin-hydrochloride) and the common meta
bolite B8909-008 [3-methyl-5- (3-( 4,4-
diphenyl-1-piperidinyl) -propyl) -2,6-dime
thyl-4- (3-nitrophenyl) -pyridine-3,5-dicar
boxylate]. B859-35 is reported to have 
antitumor activity. For drug testing we used 
an in vitro system (MTT test) with the 
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human lymphoblastoid cell line CCRF
CEM and its multidrug-resistant subline 
VCR 1000 which expresses classical MDR 
phenotype including P-glycoprotein over
expression. We tested the compounds alone 
and in combination with vincristine for 
their cytotoxic effects. There were only 
slight differences in MDR reversing capac
ity and growth inhibitory effect between the 
isomers and the metabolite. At a noninhi
bitory concentration of vincristine for VCR 
1000 cells addition of chemosensitizers in a 
nontoxic concentration led to a reversion of 
MDR independent of calcium-antagonistic 
activity. 
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Characterization of Human Leukemic HL-60 Sub lines as a 
Model for Primary and Secondary Resistance Against Cytostatics 

F. Gieseler', F. Boege', R. Erttmann2, H.-P' Tony', H. Biersack', B. Spohn', 
and M. Clark' 

Introduction 

Resistance against cytostatics is a major 
problem in the therapy of hematologic 
malignancies. The intracellular alterations 
can be studied in vitro and several molecu
lar mechanisms affecting all cellular levels 
like altered membrane transport rates (P
glycoprotein) [1], "trapping" of cytostatics 
in vesicles [2], detoxification (glutathione
S-transferase) [3], and alteration of nuclear 
target proteins (topoisomerases) [4] have 
been described. A special problem is the 
exhibition of a multidrug-resistant (MDR) 
phenotype, resulting in resistance against a 
broad spectrum of substances from differ
ent classes. 

Most of the studies on molecular 
mechanisms of cellular resistance have been 
done in cell lines which have been selected 
by, stepwise, increasing the concentration 
of cytostatics in the medium. Obviously, in 
these cells the overexpression of the 
MDR1-gene resulting in overexpression of 
P-glycoprotein is an important factor. 

In this chapter we show that cells with 
primary resistance have molecular and bio
chemical characteristics different from 
those of selected cell lines which can be 
used as a model for secondary (induced) 
resistance. For these purposes, we com-
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pared the stem-cell line HL-60 with three 
multidrug-resistant sublines: HL-60R (pri
mary resistance), HL-60ETO, and HL-
60TENI (the last two selected against eto
poside or teniposide). 

Material and Methods 

The following materials were used: fetal 
calf serum (Bethesda Research Laborato
ries, Karlsruhe, FRG); B-mercaptoethanol 
(Sigma Chemical, Deisenhofen, FRG); 
RPMI 1640 medium, penicillin/streptomy
cin (Seromed Biochrom KG, Berlin, FRG); 
pBR322 plasmid (Boehringer, Mannheim, 
FRG); HEPES (Roth KG, Karlsruhe, 
FRG); and HL-60 cells (American tissue 
culture collection *CCL240, Rockville, 
Maryland). Cells were grown in liquid cul
ture (RPMI 1640 + 5 % fetal calf serum, 
1 % penicillin strepomycin) in a humidified 
atmosphere containing 5 % CO2 • Only cells 
in logarithmic growth phase (1-5 million 
cells/ml) were harvested. To determine cel
lular resistance to various cytostatics the 
half-lethal concentrations (LDso) and the 
factor of resistance between two indicated 
cell lines is expressed as the LDso quotient. 
Cell viability was evaluated by determining 
the cellular trypan blue exclusion rate after 
growing the cells for 48 h in the presence of 
various concentrations of the indicated sub
stance and with or without verapamil (2 
ng/ml; in this concentration viability of the 
cells was not affected by verapamil alone). 
The sub lines HL-60ETO and HL-60TENI 
were selected by, stepwise, increasing the 
concentration of etoposide or teniposide in 



the medium over a period of 15 months. The 
subline HL-60R is a spontaneous mutation; 
the cells have not been selected against 
cytostatics. The assessment of topoisomer
ase II (topo II) activity was performed as 
described previously [5]. For topo II activa
tion, 10 mM MgCl" and 2 mM ATP were 
freshly added. Activity was quantified from 
disappearance of supercoiled pBR322 sub
strate by densitometric scanning of photo
graphic negatives. Surface marker analysis 
was done after staining with monoclonal 
antibodies using a FACscan (Becton Dick
inson, Mountain View, California, USA). 
Ten thousand viable cells were analysed 
using forward/sidescatter gating. All anti
bodies are commercially available: CD33 
phycorythrin (PE), HLA-DR fluorescein 
isothiocyanate (FITC), CD7-FITC, CD19-
PE; Becton Dickinson, Heidelberg, FRG, 
CD 13-FITC, CD2-PE, CD34-FITC; Dia
nova, Hamburg, FRG. For Partial purifica
tion of topoisomerases, 1 ml of crude 
nuclear extract from human promyelocytic 
HL-60 cells was adsorbed to 0.1 ml of 
hydroxyl apatite. The resin was washed and 
eluted with potassium phosphate (800 
mM). Topo II activity was monitored by 
ATP-dependent pBR322 plasmid DNA 
relaxation, and protein content was meas
ured with the Lowry procedure using 
bovine serum albumin as a standard. Anion 
exchange chromatography of nuclear ex
tracts was carried out using an FPLC system 
(Pharmacia) [6]. Expression of the P-glyco
protein has been determined by cytochem
istry using the following sandwich system: 
Cells, MDRI polyclonal antibody (Onco
gene Science Corp., N.Y USA), Auroprobe 
TN goat antirabbit, and Intence SEM silver 
enhancer (Janson, Olen, Belgium). 

Results 

Surface Markers 

For phenotypical characterization of HL-60 
cells and sublines we used the following 
markers: CD33-PE, CD 13-FITC, HLA
DR-FITC, CD7-FITC, CD2-PE, CDI9-PE, 
and CD34-FITC. In Tab 1, the surface 
marker analysis of the used HL-60 lines is 
shown. All cell lines express the same 
markers; they do not differ in the state of 
differentiation and they are all subclones of 
promyelocytic HL-60 cells. 

Sensitivity to Cytostatics 

The following cytostatics and the influence 
of verapamil on sensitivity of the cells were 
tested: etoposide, teniposide, 4-(9-acridi
nylamino )methanesulfon-m-anisidide 
(mAMSA), daunoblastin, doxorubicin, mi
toxantrone and vincristine. In Tab 2, the 
factor of resistance compared to HL-60 
wild-type and the influence ofverapamil are 
shown. In contrast to the stem cell line 
HL-60, the three sublines HL-60R, HL-
60ETO, and HL-60TENI show a high resist
ance to a number of substances from differ
ent classes. The cell lines exhibit the follow
ing characteristics: 
- High sensitivity against all cytostatics in 

the HL-60 stem cell-line 
- MDR against a broad spectrum of sub

stances in all sublines 
- High reversibility of resistance (mostly 

more than 50 %) after addition of vera
pamil in the selected sub lines HL-60ETO 
and HL-60TENI 

- Low influence of verapamil on the resis
tance of HL-60R 

Table 1. Surface maker analysis of HL-60 cell Iines* 

Cell Line Monoclonal Antibodies 

CD33 CD]3 HLA-DR CD7 CD2 CD]9 CD34 
HL-60 97 neg. neg. neg. neg. neg. 

36 
HL-60R 100 71 neg. neg. neg. neg. neg. 
HL-60ETO 98 40 neg. neg. neg. neg. neg. 
HL-60TENI 100 73 neg. neg. neg. neg. neg. 

* Percent positive cells 
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Table 2. Resistance of the cells against cytostatics* 

Cell Line Substance 

eto teni mAMSA dau dox mit vic 
HL-60 60/50 10/10 20/18 3/3 111 1501150 20/20 
HL-60ETO 90/4 8/2 13/3 311 2/1 500/100 3/3 
HL-60TENI 50/30 80112 50118 111 25/5 150/50 717 

* Factor of resistance comparing LD50 of resistant strain to HL-60 wildtype without verapamil/with 
verapamil. 

Table 3. Expression of P-glycoprotein* 

Cell Line 

HL-60 
HL-R 
HL-60ETO 
HL-60TENI 

* Percent cells 

neg. 
100 
100 

6 
3 

- Low resistance against vinca alkaloids in 
all sublines 

Expression of P-Glycoprotein 

In Tab 3, membrane expression of P-glyco
protein in the cells is shown. HL-60 cells as 
well as HL-60R cells have virtually no 
P-glycoprotein expressed. In the selected 
lines HL-60ETO and HL-60TENI, more 
than 90 % of the cells express P-glycopro
tein. 

Characterization of Topoisomerases in the 
HL-60R Cells 

By anion exchange chromatography we 
separated three active peaks with the fol
lowing characteristics: peak 1 (eluted at 
50-100 mM) could be identified as topo I by 
p4-unknotting assay, negative immunos
taining using a topo II antibody and resis
tance to orthovanadate and topo II inhibi
tors (not shown); peaks 2 (eluted at 170 
mM) and peak 3 (eluted at 200 mM) have 
been identified by the same methods to be 
isoforms of topo II. In Fig. 1, the pH-
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dependence of the isolated peaks revealed 
by changing the pH of the reaction buffer is 
shown: peak 1 (topo I) is active at pH 7.9, 
peak 2 (topo II) is active at pH 8.3, and peak 
3 (topo II) is active at pH 7.9 and 9.0. Both 
peaks 2 and 3 contain the 170 and 180 kDa 
isoform as previously described [6]. 

In Fig. 2, the sensitivity of the peaks to 
mAMSA is shown. Peak 2, characterized as 
topo II, is as resistant to mAMSA as peak 1 
(topo I); peak 3 is highly sensitive. This 
proves the existence of a resistant topo II 
isoform in the HL-60R cells. 

Discussion 

MDR cells with overexpression of the mem
brane-transport P-glycoprotein exhibit a 
high degree of resistance against lipophilic 
substances such as anthracyciines and vinca 
alkaloids [7, 8]. Apart from these cells an 
"AT (altered topoisomerase) pattern of 
resistance" has been described (9-11) fea
turing the following characteristics: 
- High resistance against a broad spectrum 

of cytostatics 
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Fig. 1. pH profile of topoisomerase fractions 
revealed by anion exchange-chromatography 
from HL-60R cells. DNA relaxation activity of 
peak fractions was measured at the pH indi
cated 
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- Lower resistance against vinca alka
loids 

- Weak modulation by verapamil 
- Altered activity of topo II 

The selected cell lines HL-60ETO and 
HL-60TENI, as well as the primary resis
tant line HL-60R, are resistant against 
cytostatics from several classes. Resistance 
of the lines HL-60ETO and HL-60TENI 
can be inhibited greatly by the addition of 
verapamil to the medium. Moreover, in 
contrast to the sensitive line , and in contrast 
to the MDR line HL-60R, these cells exhi
bit a high expression of P-glycoprotein in 
the membrane revealed by immunostain
ing. Also, topo II activity is altered in 
HL-60R cells, as these cells have a topo II 
isoform resistant against mAMSA. Ob
viously, in one cell several different topo II 
isoforms (probably due to posttranslational 
modifications) with different pH-activity 
peaks are active at the same time. 

From these findings we conclude that 
overexpression of P-glycoprotein is an 
important molecular factor in selected cell 
lines which serve as a model for secondary 
resistance. In primary resistant cells addi-
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Fig. 2. In vitro inhibition of topoisomerase activity peaks revealed by anion exchange-chromatogra
phy from HL-60R cells by mAMSA at various concentrations. Controls without enzyme were run for 
each concentration of drug to exclude direct DNA effects (not shown) 
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tional factors, like alteration of topo II, are 
obviously more important. Consequently, it 
does not seem reasonable to treat primary 
resistant leukemias with drug modulators 
such as verapamil or derivates. 

Summary 

Several different molecular mechanisms of 
cellular resistance have been described, but 
alteration of topoisomerases seems to be 
one of the most important, as topoisomer
ase II (topo II) is the target enzyme for 
clinically important cytostatic drugs such as 
anthracyclines, epipodophyllotoxines, 4-
(9-acridinyLamino )methanesulfon-m-ani
sidide (mAMSA) and mitoxantrone. These 
drugs act via inhibition of the enzyme after 
binding to the DNA ("cleavable complex"). 
Besides the "typical" resistance, caused by 
higher expression of P-glycoprotein, an 
"atypical" pattern of resistance has been 
described. These cells exhibit no amplifica
tion of P-glycoprotein and are not reversibel 
by P-glycoprotein-modulators, such as ver
apamil, an altered content or function of 
topo II, and a cross resistance to cytostatic 
drugs that interact with topo II, but with 
low resistance to vinca alkaloids. 

To study these aspects, we selected HL-60 
cell lines (human promyelocytic leukemia 
cells) against etoposide (labeled HL-
60ETO) and teniposide (HL-60TENI) and 
compared them to the sensitive wild-type 
strain and to a naturally multidrug-resistant 
HL-60 strain (HL-60R). Alteration of topo 
II seems to playa major role in "primary" 
resistance. In the selected cells (which may 
be a model for "secondary" resistance), 
other molecular mechanisms, such as over
expression of P-glycoprotein, act synergisti
cally. Modification of topo II results in a 
change of sensitivity to topo II inhibitors 
and a change of pH optima of the enzymes. 
This may affect DNA binding and has 
consequences for DNA conformation and 
regulation of gene transcription. 

48 

References 

1. Kartner N, Everden-Porelle D, Bradley G, 
Ling V (1985) Detection of P-glycoprotein in 
multi drug-resistant cell lines by monoclonal 
antibodies. Nature 316: 820-826 

2. Sehested M. Skovsgaard T, van Deurs B, 
Winther-Nielsen H (1987) Increase in non
specific adsorptive endocytosis in anthracy
cline- and vinca-alcaloid resistant Ehrlich 
ascites tumor cell lines. INC! 78: 171-175 

3. Brophdy NA. Mc Fall P. Lewis AD, Smith 
SD. Sikic BI (1990). Studies of drug resistant 
phenotypes and mechanisms in human leu
kemic cells before and after therapy. Proc 
Am Assoc Cancer Res 31: 375 

4. Pommier Y. Kerrigan D, Schwartz RE, 
Swack IA. McCurdy A (1986) Altered DNA 
topoisomerase II activity in chinese hamster 
cells resistant to topoisomerase II inhibitors. 
Cancer Res 46: 3075-3081 

5. Gieseler F. Boege F. Clark M (1990) Altera
tion of topoisomerase II action is a possible 
mechanism of HL-60 cell differentiation. 
Environ Health Perspect 88: 183-185 

6. Boege F. Gieseler F. Biersack H, Clark M (to 
be published) Structural and functional hete
rogeneity of topoisomerase II in a multi-drug 
resistant HL-60 cell line revealed by anion
exchange chromatography and chromato
focussing. J Chromatogr 

7. Beck W, Mueller T. Tanzer L (1979) Altered 
surface membrane glycoproteins in vinca 
alcaloid-resistant human leukemic lympho
blasts. Cancer Res 39: 2070-2075 

8. Erttmann R, Gieseler F. Muenchmeyer M, 
Boetefuer A. Winkler K (1990) Atypical 
cross resistance against cytostatic drugs due 
to P-glycoprotein and reduced topoisomer
ase II activity in leukemic cells. Klin Padiatr 
202: 294 

9. Beck W. Danks M, Suttle D (1990) Multidrug 
resistance associated with alterations in 
topoisomerase II activity. I Cancer Res Clin 
Oncol (Suppl) 116: 1145 

10. Erttmann R, Gieseler F, Wilms K,Winkler K 
(1990) Extended multidrug resistance in leu
kemic cells due to P-glycoprotein and altered 
topo-iosmerase II activity. Proc Am Soc Clin 
Oncol 9: 56 

11. Boege F, Gieseler F, Biersack H, Clark M, 
Erttmann R (1990) Topo-isomerase II from 
multidrug-resistant leukemic cells exhibit 
altered enzyme activity and can not be 
inhibited by teniposid. J Cancer Res Clin 
Oncol 116: 418 



Conserved Cytotoxic Activity of AcIacinomycin A 
in Multifactorial Multidrug Resistance 

R. Erttmann', A. Boetefiir', K. D. Erttmann2, F. Gieseler3, G. Looftl, 
M. Miinchmeyer', A. Reymann\ and K. Winkler' 

Introduction 

Identification of anthracyclines which are 
able to overcome multi drug resistance 
would be a major step towards to improving 
antineoplastic chemotherapy. 

Recently it has been shown [1] that 
9-alkyl, morpholinyl anthracylines retain 
cytostatic activity in a multidrug resistant 
mouse mammary tumor cell line as well as 
in a multidrug resistant human small cell 
lung cancer cell line. It has been suggested 
that in these cell lines nonresponse to 
cytostatic drugs is due to the classical 
p-glycoprotein-related membrane transport 
resistance mechanism. 

Another working group [2] has been able 
to show conserved cytotoxic activity of 
aclacinomycin A, which is also a 9-alkyl
substituted anthracycline (Fig. 1), in some 
multidrug-resistant human small cell cancer 
cell lines. Their in vitro model included 
different multidrug resistant cell lines, 
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which have been selected by cultivation 
under the pressure of daunorubicin. The 
daunorubicin-resistant cell lines obtained 
differed significantly in p-glycoprotein ex
pression, which did not influence their 
sensitivity to aclacinomycin A. Therefore, it 
can be concluded that aclacinomycin A 
does overcome not only the classical type of 
p-glycoprotein mediated multidrug resis
tance but also other atypical mechanisms of 
multi drug resistance. 

To prove this assumption we investigated 
the cytostatic activity of several anthracy
clines including aclacinomycin A as a 9-
alkyl-derivative in a doxorubicin-resistant 
mouse leukemia cell line. This cell line has 
been shown to have multifactorial resis
tance by at least two different molecular 
mechanisms: the classical p-glycoprotein 
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Fig. 1. Chemical structure of aclacinomycin A 
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mediated transport resistance as well as 
reduced DNA topoisomerase II activity. 
Despite the fact that this cell line shows a 
broad cross-resistance pattern to antineo
plastic drugs of the antibiotic type its sensi
tivity to aclacinomycin A has been found to 
be nearly conserved. 

Materials and Methods 

A stable multidrug-resistant cell line (F4-
6R) was selected by long-term exposure 
of the Friend mouse erythroleukemia cell 
line (F4-6) to increasing concentrations of 
doxorubicin . Both cell lines were propa
gated in suspension with Eagle's minimal 
essential medium (MEM alpha~ Gibco 
Corp., Karlsruhe , FRG) supplemented 
with 10 % fetal calf serum. The cells were 
collected in the late log phase of prolifera
tion. 

The sensitivity of the F4-6R cell, as well 
as of its parent line F4-6, to cytostatic 
substances was tested in the 48 h prolifera
tion assay. Resistance factors of each cytos
tatic drug were determined as the ratio 
between the 50 % inhibitory dosages (ED:;o) 
for the F4-6R and the F4-6 cell lines. 

Expression of p-glycoprotein was proven 
by immunogold cytochemistry using the 
Mdr1 polyclonal antibody (rabbit IgG; 

F4-6R F4-6 

4.e'" 

a 

pM DR 

Oncogene Science Corp., Manhasset, NY, 
USA) with the following "sandwich sys
tem": Mdr1 polyclonal antibody - Auro
probe LM goat anti-rabbit - IntenSE M 
silver enhancer (Jansen Corp., Olen , Bel
gium). Moreover, the MDRI gene expres
sion in both cell lines has been compared by 
Northern blotting using the pMDR cDNA 
probe related to the human MDRI gene as 
described by Chen et al. [3]. 

DNA topoisomerase II activity was 
measured after extraction from isolated 
nuclei of F4-6 and F4-6R cells by relaxation 
of 500 ng pBR322 plasmid DNA, as 
detailed by Gieseler et al. [4] . Aliquots of 
nucleic eluate were activated by 10 mM 
MgCh and 2 mM ATP After incubation at 
37°C for 30 min the plasmid DNA was 
electrophoresed in 1 % agarose gel. Topoi
somerase II activity was quantified from 
disappearance of supercoiled pBR322. 

Net uptake of anthracyclines into both 
cell lines was investigated by the silicone oil 
filtration method as well as by direct immu
nofluorescence microscopy as described in 
detail elsewhere [5 , 6]. 

Results 

The enhanced expression of MDRI gene in 
F4-6R cells in comparison to the parent line 

F4-6R F4-6 

"'1.6 

b 

8-Actin 
Fig. 2. a, b. Comparison of MDRI gene expression between F4-6R and F4-6 leukemia cells. Blot 
hybridization of mRN A (2 ~g) from F4-6R and F4-6 cells is shown. A The Northern blot was hybridized 
with the pMDRl 0.7 kb probe. B As a control the same blot was rehybridized with a ~-actin probe after 
removal of the pMDRl probe 
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Fig. 3. Immunocytochemical detection of p-glycoprotein in F4-6R cells (lower part). Immunocyto
chemistry was performed with the immunogold method. The polyclonal IgG MDRl antibody was used 
in the way described in the text 
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F4-6 was revealed by Northern blotting as 
well as by immunocytochemistry. In the 
Northern blot demonstrated in Fig. 2, the 
MDRI-related mRNA is compared in F4-6 
and F4-6R cells showing overexpression in 
the resistant cell line. This corresponds well 
with the immunocytological detection of 
p-glycoprotein using the mdr1 antibody. As 
shown in Fig. 3, p-glycoprotein located in 
the membrane and in some vesicular struc
tures of F4-6R cells could be found, whereas 
under the experimental conditions used, 
p-glycoprotein was undetectable in the par
ent cell line. 

The p-glycoprotein-related multidrug
resistant (MDR) phenotype of the F4-6R 
cell line was found to be of functional 
relevance in terms of cellular anthracycline 
net accumulation. In Fig. 4 the reduced 
accumulation of daunorubicin in F4-6R 
cells compared to their wild-type is 
depicted. In additional drug release exper
iments (not demonstrated) the reduced net 
uptake of daunorubicin into F4-6R cells 
could be proven to be due to enhanced drug 
efflux. 

From these results it can be concluded 
that the F4-6R cell line displays the classical 
p-glycoprotein-related MDR phenotype. 

As shown in Table 1, the F4-6R cell line 
has a very broad spectrum of cross-resis
tance compared with that found in the 
classical MDR phenotype. The resistance 
spectrum of F4-6R includes such DNA
topoisomerase-II-related drugs as mitoxan
trone and amsacrine. Therefore, we investi-

gated the DNA topoisomerase II activity of 
F4-6R cells in comparison to the parent 
line. In Fig. 5 it is demonstrated that the 
turnover of supercoiled plasmid pBR322 
DNA (in other words, the relaxation of the 
plasmid DNA) by nuclear extract of F4-6R 
cells is highly reduced compared with the 
nuclear relaxation activity of the wild-type 
cells (F4-6). This reflects reduced DNA 
topoisomerase II activity in the resistant 
cell line. As the DNA topoisomerase II in 
its active state during the generation of an 
enzyme-stabilized double strand break is 
the target for cytostatic drugs like anthra
cyclines, podophyllotoxins, and amsacrine, 
reduced activity of this enzyme confers drug 
resistance to these substances. 

Therefore, it can be concluded that in 
addition to the classic p-glycoprotein
related phenotype the reduced DNA topoi
somerase II activity found in the F4-6R cell 
line contributes to its extended pattern of 
cross-resistance, as shown in Table 1. The 
F4-6R cell line has multifactorial resistance 
properties which consist of at least two 
molecular mechanisms: p-glycoprotein ex
pression and reduced DNA topoisomerase 
II activity. 

In this context it should be mentioned 
that, as shown in Table 1, the 9-alkyl
substituted anthracycline aclacinomycin A 
is subjected only slightly to cross-resistance 
in the F4-6R model. In contrast to the other 
anthracyclines investigated the resistance 
factor of three does reflect grossly retained 
cytostatic activity. 
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Fig. 4. Time dependence of 
daunorubicin uptake into F4-6 
and F4-6R cells. The total cellu
lar daunorubicin content (cy
tosolic and DNA-, RNA-, pro
tein-bound) measured by the 
silicone oil filtration method is 
shown. The values are given as 
means ± SEM of seven to nine 
determinations from three cell 
passages 



Table 1. Pleiotropic resistance of the F4-6R leukemic cell line 

Cytostatic drug Resistance factor 

Doxorubicin 
Daunorubicin 
Idarubicin 
Vincristine 
Vepesid 
Mitoxantrone 
Amsacrine 
Anthrapyrazole CI-941 
Aclarubicin 

51 
35 
12 
19 
17 
16 
11 
10 
3 

Resistance factor: ID,I) F4-6R/ID", F4-6 

Fig. 5. DNA topoisomerase II 
activity in F4-6 and F4-6R cells. 
The median of three indepen
dent experiments ± SEM is 
shown. Topoisomerase II activi
ty is achieved from nuclear 
extracts and has been quantif
ied as relaxation effectivity of 
supercoiled DNA of the 
pBR322 plasmid. Incubation 
and activation were performed 
in the way described in the 
text 
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The classical type of membrane-transport
dependent multidrug resistance and its rela
tion to the drug eliminating properties of 
p-glycoprotein in resistant tumor cells are 
well described (see Weinstein et al. [1] for a 
comprehensive review). In acute myeloic 
leukemia and to a somewhat lesser extent 
acute lymphoblastic leukemia, expression 
of p-glycoprotein has been found before 
treatment and during advanced states of 
disease [8-13]. Therefore, a clinical role for 
p-glycoprotein in resistant acute leukemia 
can be assumed. At present prospective 
clinical trials asking this question are under 
way. In vitro it has been shown that the 
reduction of intracellular drug accumula
tion can be reversed by a lot of amphophilic 

o 2 4 6 8 

drugs as for instance verapamil [14]. There
fore, pharmacological modulation of p
glycoprotein-related multi drug resistance 
may be possible. 

Another way to circumvent pleiotropic 
membrane resistance would be the creation 
of cytostatic drugs with a favorable struc
ture preventing p-glycoprotein-mediated 
membrane transport. Recently it has been 
shown by Coley et al. [1] that 9-alkyl, 
morpholinyl anthracyclines are able to 
overcome multidrug resistance of the mem
brane transport type. Similar results have 
been reported by Jensen et al. [2] for 
aclacinomycin A which is also a 9-alkyl
substituted anthracycline with a trisacchar
ide side chain in position 7. These authors 
found conserved cytostatic activity of acla
cinomycin A in a p-glycoprotein-resistant 
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small cell lung carcinoma subline selected 
by daunorubicin. In another daunorubicin
resistant cell line of the same parent strain 
no p-glycoprotein could be detected. In this 
model with atypical resistance aclacinomy
cin A also retained its cytostatic activity. 

In our F4-6R mouse erythroleukemia cell 
line with multifactorial resistance selected 
by doxorubicin, aclacinomycin A nearly 
retains its cytotoxic activity, in contrast to 
daunorubicin and idarubicin. This result 
gives further evidence that the 9-alkyl
substitution of the anthracycline structure 
may provide protection against the p-glyco
protein efflux pumping system of multi
drug-resistant cells. 

In addition, its special structure may 
improve the interaction of aclacinomycin A 
with altered DNA topoisomerase II to 
overcome atypical multidrug resistance. 
This question should be investigated furth
er using atypically resistant p-glycoprotein 
negative cell lines with altered DNA topoi
somerase II activity. Those models are 
described by several working groups [15, 
16]. Whether the trisaccharide side chain of 
aclacinomycin A contributes to its favora
ble properties against different resistance 
mechanisms cannot be excluded and 
remains to be answered. 

In conclusion, our in vitro data confirm 
the results of Coley et al. [1] that there is a 
correlation between 9-alkyl-substitution 
and cytotoxic activity of anthracyclines in 
p-glycoprotein-positive multidrug-resistant 
tumor cells. Moreover, it may be specu
lated, that the molecular structure of acla
rubicin A retains its cytotoxic activity 
against atypically multidrug resistant leu
kemic cells with altered DNA topoisomer
ase II activity. 

Multifactorial drug resistance, as in our 
F4-6R model, reflects the main clinical 
problem of antileukemic therapy, because 
nearly all cytostatic drugs of the antibiotic 
type are included in the broad pleiotropic 
resistance pattern. The favorable structure 
activity relationship of aclacinomycin A in 
multi drug resistant leukemia cells found in 
vitro seems to correlate with its appreciable 
antileukemic activity in highly pretreated 
patients with acute myeloblastic leukemia 
[17-19]. 
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Cytostatic Drug Resistance and Differentiation in Friend 
Erythroleukemia Cells 

C. A. Schmidtl, A. Schafer~, F. Lorenzi, H. Oettle l, F. F. Wilbornl, D. Huhnl, 
and W. Siegert I 

Introduction 

Cytostatic drug resistance is a common 
clinical problem in antitumor chemothera
py. To study mechanisms of drug resistance, 
in vitro model systems have been esta
blished. Frequently cross-resistance to oth
er cytostatic drugs (i.e., chemically and 
structurally not related to the selective 
agent) was observed in these cell lines [1]. 
Multidrug resistance included medicaments 
often used in clinical therapy regimens such 
as vinca alkaloids or anthracyclines. Over
expression of a 170 kD glycoprotein was 
found to correlate with the multidrug
resistant phenotype [2, 3]. The gene encod
ing for the 170 kD glycoprotein, mdrl, has 
been cloned and sequenced [4, 5]. The 
multidrug-resistant phenotype could be 
transferred to drug-sensitive cells by trans
fection with mdrl cDNA [6, 7]. Resistant 
cells showed significant lower intracellular 
cytostatic drug levels, due to an activated 
drug efflux mechanism [8, 9]. MDR gene 
overexpression was detected in several leu
kemias and tumors and could be related to 
poor prognosis [10-13]. 

Beside the eradication of malignant cells 
by cytostatic drugs a new therapeutic 
approach - induction of differentiation - is 
presently being evaluated. It might be a 
valuable alternative in leukemia therapy 
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and a way to circumvent multidrug resis
tance. To our knowledge, so far no data are 
available concerning cell differentiation 
and alterations in mdr gene expression. 
Friend erythroleukemia cells are a well 
known system for studying cell differentia
tion, since immature blast cells can be easily 
induced to differentiate to hemoglobin pro
ducing mature erythroid cells by adding 
dimethylsulfoxide (DMSO) [14, 15]. 

In this study we partially characterized a 
model system of drug sensitive Friend ery
throleukemia cells and drug resistant sub
clones, using RNA dot blot analysis, immu
nocytochemistry, and fluorescence micros
copy. This cell system will allow us to 
develop strategies for circumvention of 
drug resistance due to mdr gene overex
pression and furthermore, to investigate 
mdr gene expression during terminal differ
entiation. 

Material and Methods 

Cell Lines 

Friend erythroleukemia clone F4-6 [15] was 
grown in alpha medium without nucleo
sides, plus HEPES, pH. 7.2, supplemented 
with 10 % fetal calf serum at 37°C, 4 % 
CO2, These cells were kindly provided by 
Dr. W. Ostertag, H. Pette Inst. Exp. Virol., 
Hamburg, FRG. Doxorubicin-resistant 
cells (F4-6 ADM) were established by expo
sure of F4-6 wild-type (WT) cells to increas
ing Adriamycin concentrations. Finally, F4-
6 ADM cells were still able to grow in the 
presence of 1 f.\.g/ml Adriamycin. 



Induction of Differentiation 

F4-6 WT and F4-6 ADM cells were grown 
for 5 days in alpha medium plus 10 % fetal 
calf serum in the presence of 1.5 % DMSO 
(210 mM) or varying concentrations of 
Adriamycin. Hemoglobin synthesis was 
determined by spectrophotometry methods 
[16]. 

RNA Dot Blot Analysis 

Whole cellular RNA was prepared accord
ing to standard protocols [16]. A dilution of 
10 !J,g, 3 !J,g, 1 !J,g and 0.3 !J,g RNA was 
blotted onto a nylon membrane (Hybond 
N, Amersham) for dot blot analysis. Filters 
were hybridized using the 1.3 kb ECORI 
ERI mdrI cDNA probe (kindly provided by 
Dr. M. M. Gottesman). To check equal 
loading of RNA, filters were washed and 
rehybridized using a p-actin probe (Clon
tech, Palo Alto, USA). Probes were labeled 
with 32p dCTP using the Random Primed 
DNA Labelling Kit (Boehringer Mann
heim, FRG). Hybridization and washing of 
filters were performed according to stan
dard procedures [16]. Filters were exposed 
overnight to Kodak Xomat films at 
-70°C. 

To compare intracellular uptake of 
Adriamycin in F4-6 WT and F4-6 ADM 

cells, cell cultures were incubated for 4 h by 
adding the drug to the culture medium 
(final concentration 10 !J,M). Cells were 
washed twice. Intracellular accumulation 
and distribution of Adriamycin could be 
shown by fluorescence microscopy using 
the autofluorescence of this substance at 
520 nm. Immunochemical determination of 
mdr1 protein was performed as described 
using an antibody against mdr protein (C-
219, Centocor [15]). For negative controls, 
an unspecific myeloma immunoglobulin 
was used. 

Results 

As determined by trypan blue exclusion 
technique, only 2 % of F4-6 WTcells were 
viable after treatment with 15 ng/ml Adria
mycin (doxorubicin) (Table 1). In contrast, 
93 % of F4-6 ADM cells were growing after 
treatment with 250 ng/ml Adriamycin (Ta
ble 1); 54 % of F4-6 ADM cells survived a 
treatment of 1 !J,g/ml Adriamycin for 5 
days. 

Induction of differentiation was analyzed 
in F4-6 WTand F4-6 ADM cells. These cells 
could be induced to terminal differentiation 
by adding DMSO (final concentration 
1.5 %) to the culture medium, as deter
mined by hemoglobin (Hb) synthesis (228 

Table 1. Induction of differentiation and inhibition of cell growth in F4-6 wild-type (WT) and 
doxorubicin-resistant (F4-6 ADM) cells 

F4-6 WTcells Control DMSO concen- Doxorubicin (ng/ml) 
tration 1,5% 5 8 10 15 
(ng/ml) 

Hb (!lg/l()8 cells) 29 228 46 47 56 46 

vit. cells (% control) 100 51 80 52 18 2 

F4-6 ADM cells Control DMSO concen- Doxorubicin (ng/ml) 
tration 1.5 % 250 700 1000 

Hb (!lg/108 cells) 47 302 40 30 44 

vito cells (% control) 100 23 93 72 54 

Hb, Hemoglobin; DMSO, dimethylsulfoxide 
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Lane a b c d 

10 ""9 • 10 ",,9 

3 ""9 3 ""9 

1 ""9 ""9 

0.3 ""9 0.3 ""9 

Fig. 1. Dot blot mdr gene expression in F4-6 WTcells. Lane a. F4-6 ADM cells; lane b, rehybridization 
of the filter with a ~-actin probe; lane c. F4-6 WTcells; lalle d. F4-6 ADM cells. For each cell line , 10 lAg , 
3 lAg, 1 lAg and 0.3 lAg RNA were blotted. mdrl and ~-actin probes were labeled as described in material 
and me thods 

""g Hb/lOR cells in F4-6 WT and 302 ""g 
Hb/lOx cells in F4-6 ADM cells). Mean 
values of at least three independent exper
iments are given in Table 1. As shown in 
Table 1, Adriamycin has no capacity to 
induce differentiation in both subclones. 
Levels of mdr gene expression were deter
mined by RNA dot blot analysis. As 
demonstrated in Fig. 1, high levels of mdr 
gene expression are present in F4-6 ADM 
cells, whereas no hybridization signal was 
observed in F4-6 WTcells. Equal loading of 
RNA was checked after washing the filter 
by repro bing with a ~-actin probe. 

As an assay for mdr glycoprotein func
tion, Adriamycin uptake in F4-6 WT and 
F4-6 ADM cells was determined by using 
the autofluorescence of Adriamycin (not 
shown). Comparing fluorescence intensity 
in F4-6 WT and F4-6 ADM cells, resistant 
cells accumulated less of the cytostatic 
drug. Interestingly, different distribution 
patterns of Adriamycin were observed for 
both subclones. Whereas Adriamycin was 
detected predominantly in the cell nucleus 
ofF4-6 WTcells, it was found mainly in the 
cytoplasm of F4-6 ADM cells. The expres
sion of mdr protein was confirmed by 
immunocytochemical analysis using the 
monoclonal antibody C-219 (Centocor, not 
Shown). 

Discussion 

We partially characterized F4-6 ADM cells, 
derived from F4-6 WTcells , by exposure to 
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increasing Adriamycin concentrations. 
F4-6 ADM cells were still able to grow in 
the presence of 1 ""g/ml Adriamycin in the 
medium, whereas only 2 % of F4-6 WTcells 
survived treatment with 2 ng/ml Adriamy
cin. Similar degrees of resistance have been 
described in other cell line systems [1]. F4-6 
WT and F4-6 ADM cells could be induced 
to differentiation. By adding DMSO (final 
concentration 210 mM) hemoglobin syn
thesis could be detected in both subclones. 
To characterize mechanisms leading to drug 
resistance in F4-6 ADM cells, dot blot 
experiments were performed. High levels 
of mdr gene expression were detected in 
F4-6 ADM cells. Furthermore , immunocy
tochemical analysis revealed overexpres
sion of mdr protein in these cells. Adriamy
cin uptake was significantly lower in F4-6 
ADM compared to F4-6 WT cells as could 
be shown by fluorescence microscopy, exhi
biting much less Adriamycin fluorescence 
in F4-6 ADM compared to F4-6 WT cells. 
Decreased intracellular drug accumulation 
has been described, when resistance was 
due to mdr gene overexpression [8-10]. 
Our data support the view that cytostatic 
drug resistance in F4-6 ADM cells is prob
ably due to mdr gene overexpression. How
ever, the possibility that other mechanisms 
contribute to Adriamycin resistance in F4-6 
ADM cells cannot be excluded. Drug accu
mulation is one of the first steps in drug/cell 
interaction . Therefore, irrespective of 
whether other resistance mechanisms are 
present, these cells may be a suitable model 
system for studying multi drug resistance in 



mammal cells, and additionally will allow 
analysis of mdr gene expression during 
terminal differentiation. 
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On the Role of Aldehyde Dehydrogenase in a 
Cyclophosphamide-Resistant Variant of Brown Norway Rat 
Acute Myelocytic Leukemia* 

C. J. de Grootl, A. C. M. Martens ' , and A. Hagenbeekl.2 

The development of resistance to chemo
therapeutic agents is still a major cause of 
treatment failure in cancer patients. The 
mechanisms by which drug resistance devel
ops are poorly understood. Cyclophos
phamide (CP) is widely used in the treat
ment of different hematological malignan
cies and in a variety of solid tumors. Fur
thermore, CP is incorporated in many con
ditioning regimens prior to bone marrow 
transplantation. Its in vitro active metabol
ite 4-hydroperoxycyclophosphamide is fre
quently used for purging purposes in case of 
autologous bone marrow transplantation 
for acute leukemia [1]. Obviously, given 
these clinical applications, studies on the 
mechanism(s) of CP resistance are highly 
relevant. 

Brown Norway rat acute myelocytic leu
kemia (BNML) has been recognized as a 
realistic model for human acute myelocytic 
leukemia (AML) , both for the develop
ment of new diagnostic tools as well as a 
preclinical model from which new clinical 
treatment strategies can be derived [2]. To 
investigate the biochemical mechanism(s) 
and ultimately the molecular basis of CP 
resistance, we have established a CP-resis-

l Institute of Applied Radiobiology and Immu
nology TNO, Rijswijk, The Netherlands 
2 Dept. Hemato-Oncology, The Dr. Daniel den 
Hoed Cancer Center, Rotterdam, The Nether
lands 
* These investigations were supported by the 
Dutch Cancer Society, the Josephine Nefkens 
Foundation, the Nijbakker-Morra Foundation, 
and ASTA-Werke A.G., Bielefeld, FRG. 
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tant BNML line in vivo by repeated treat
ment of leukemic animals with. CP [3]. 

CP first has to be activated in the liver to 
yield 4-hydroxy-CP/aldophosphamide, in
termediates which by further metabolism 
yield the alkylating agent phosphoramide 
mustard (PM). Alternatively, activated CP 
can be inactivated to the nontoxic carboxy
phosphamide by the catalysis of aldehyde 
dehydrogenase (ALDH) or by the action of 
glutathione (GSH) or glutathione-depen
dent enzymes like, for instance, glut a
thione-S-transferases (GSTs), to 4-mercap
to-CP [4]. 

Some cell-lines resistant to CP have been 
shown to exhibit increased ALDH activity 
levels [5, 6]. To investigate whether 
increased detoxification of activated CP is 
involved in CP resistance of the 
BNMLlCPR variant, we .determined the 
ALDH enzyme activity levels in tissues of 
leukemic rats (Table 1). The cytosolic frac
tion of spleen and bone marrow of full
blown leukemic rats carrying CP-resistant 
cells revealed at least 6- to 7-fold higher 
ALDH activity levels than their CP-sensi
tive counterpart. 

The cytosolic enzyme ALDH can specifi
cally be inhibited by substances like disulfi
ram (DSF) [7]. Table 2 shows the in vivq 
data obtained after pretreatment of leu-· 
kemic rats with DSF followed by CP treat
ment. A significant increase in the survival 
time of the CPR-carrying rats (reflected in 
an increase in log cell kill, LCK) was 
observed. Treatment with DSF alone hardly 
affected the survival time, while injection of 
CP alone resulted in 0.3-1.5 LCK, a range 
remaining within the limits of sensitivity of 



Table 1. Aldehyde dehydrogenase (ALDH) enzyme activity levels in cytosolic tissue extracts of 
leukemic and non leukemic rats 

ALDH activity (nmol min-I mg protein-I) 
Source Spleen Bone marrow Liver 

Normal BN 
BNMLlS (parent) 
BNMLlCPR 

0.13-0.36 
<0.10-0.38 

0.36--1.39 

<0.10 
<0.10 

1.94 

0.68 
0.45 
0.53 

Table 2. Effect of pretreatment with disulfiram (DSF: ALDH inhibitor) on the antileukemic effect of 
cyclophosphamide (CP) in vivo 

Group DSF CP Number Cause of death LCK 
(mg/kg) (mg/kg) of rats Leukemia Toxicity 

BNMLlCPR 
DSF + CP 50 100 8 6 2 5.3 

100 50 10 5 5 2.3 
100 100 18 6 1 4.3-6.5 

DSF control 50 8 8 0 0.3 
100 18 18 0 0.1 

CP control 100 24 24 0 0.3-1.5 

BNMLlS 
DSF + CP 50 100 8 4 4 5.1 

100 100 8 3 5 5.6 

DSF control 50 8 8 0 0 
100 16 9 7 0 

CP control 100 24 24 0 3.6-5.2 

CP was injected i.p. in the dose indicated 4---4.5 h after DSF treatment. Note: 50 mg/kg CP alone 
has no cytotoxic effect on BNML/CPR cells. 

the survival assay. However, pretreatment 
with DSF followed by CP did lead to a 
significant LCK, ranging from 4.3 to 6.5 in 
the case of BNMLlCPR-carrying rats. In 
the groups receiving the highest dose of 
DSF and thereafter treated with CP - or 
even without, in the case of BNMLlS cells
lethal toxicity within the first week after 
treatment hampered the evaluation of the 
in vivo experiments. The therapeutic effect 
of pretreatment with DSF of the rats carry
ing BNMLlS cells was far less pronounced 
(Table 2). 

Likewise, the effect on both cell lines of 
DSF treatment prior to incubation with 
mafosfamide, an in vitro active analogue of 
Cp, was investigated (Table 3). In this par-

ticular experiment there was a considerable 
cytotoxic effect of mafosfamide (100 !J.M) 
incubation on the BNML/CPR cells (1.0 
LCK, Table 3). Nevertheless, 15- to 150-
fold differences in sensitivity to mafosfami
de between the BNML/S and BNML/CPR 
cell lines were observed. As can be inferred 
from Table 3, preincubation of the 
BNMLlCPR cells with the ALDH-inhibitor 
DSF led to a 20-fold increase in the cyto
toxic effect of mafosfamide. Also in the 
case of the CP-sensitive cells a pronounced 
increase in cell kill was observed (3-5 LCK, 
Table 3). Since there is hardly any cytotoxic 
effect of incubation of the leukemia cells 
with DSF only, for the in vitro situation, as it 
was for in vivo, the conclusion can be drawn 
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Table 3. Effect of pretreatment with disulfiram (DSF) on the antileukemic effect of mafosfamide 
(MAFOS) in vitro 

Group 

BNMLlCPR 
DSF + MAFOS 

DSF control 

MAFOS control 

BNMLlS 
DSF + MAFOS 

DSFcontrol 

MAFOS control 

MAFOS dose (ltM) 

100 

50 
100 
200 
500 

100 

20 
50 

100 

LCK 

2.5 

0.2 

0 
1.0 
1.3 
2.7 

5-7+ a 

0.4 

0.5 
2.2 
2.2 

DSF incubation was for 60 min; mafosfamide incubation was for 30 min. Since there was no dif
ference in rat survival time in the groups treated with DSF dissolved in ethanol or dimethylsulf
oxide (DMSO) and its control groups, these data were pooled (4 x 5 rats/group). aIn this incuba
tion group, 2/9 rats did not develop leukemia, while 7/9 died of leukemia with a survival time cor
responding with 1-100 surviving leukemic cells (indicated with a LCK of 5-7+) 

that by inhibition of ALDH with DSF, the 
CP- or mafosfamide-resistance of the 
BNML/CPR cells can be overcome. 

Another more general detoxification 
mechanism of CP that has been reported to 
be implicated in resistance to CP and other 
alkylating agents, involves elevated GSH 
levels and increased GST activity [4, 8]. In 
case increased levels of ALDH are solely 
responsible for the CP resistance of the 
BNMLlCPR cell line, it is to be expected 
that it has retained its sensitivity to PM, the 
alkylating product of CP metabolism [4]. 
Therefore, we investigated the sensitivity of 
the CP-resistant cell line to PM in compar
ison with the sensitive parent line, both in 
vivo and in vitro. By PM treatment in vivo 
up to a 4.2 LCK could be obtained with a 
dose of 120 mg/kg body weight in rats 
carrying the CPR cells, comparable to the 
3.5 LCK obtained with the same dose in rats 
carrying the sensitive cell line (Fig. 1). 

Incubation with PM in vitro of the CP
resistant and parent sensitive BNML cells, 
followed by injection into recipient animals 
showed similar results: an LCK of 2.2 for 
the BNML/CPR cells versus 3.0 for the 
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BNMLlS cells at a PM concentration of 500 
11M was observed (Fig. 2). 

Depletion of GSH by treatment with 
buthionine sulfoximine (BSO), a specific 
inhibitor of GSH synthesis, can restore 
drug sensitivity in case elevated GSH levels 
or GST enzyme activity are involved in the 
mechanism of drug resistance [9]. To deter
mine whether elevated GSH levels are 
involved, CP-resistant and -sensitive 
BNML cells were incubated in vitro for 6 h 
with BSO to deplete the intracellular GSH 
level, and subsequently incubated with PM. 
Only a marginal effect ofBSO pretreatment 
on the cytotoxicity of PM for both cell lines 
was observed (data not shown). The com
parable sensitivity of the BNMLlS and the 
BNML/CPR cells to PM (Figs. 1,2) and the 
fact that GSH depletion had no effect on 
the sensitivity of the CP resistant cells to 
PM, indicate that elevated GSH levels or 
increased GST activity plays no or only a 
minor role in the mechanism of CP resis
tance of the BNMLlCPR cell line. 

Both by conventional karyotyping and by 
flowkaryotyping the chromosomal aberra
tions of the BNML/S and the BNML/CPR 



Fig. 1. Comparison of the response of 
the BNMLlCPR and BNMLlS cell lines 
to treatment with phosphoramide mus
tard (PM) in vivo. PM was injected i.v. 
on day 11 (60-120 mg/kg; 5 rats/group) 
or day 12 (30 or 60 mg/kg; N = 16 and 8, 
respectively) 
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Fig. 2. Comparison of the response of 
the BNMLlCPR and BNMLlS cell lines 
to treatment with phosphoramide mus-
tard (PM) in vitro. After incubation of 
the cells with PM (30 min , 37 °q, the 
cells were washed and injected i.v. (107 

cellslrat) into recipient animals (5-10 
rats/group) . Survival time was recorded, 
expressed as log cell kill. * No animals 
died of leukemia (observation period 63 
days) 
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cells have been documented [10] . The CP
resistant variant is characterized by a spe
cific 2p+q+ marker chromosome, i.e., an 
elongation of the long arm of the 2p+ 
chromosome, which is one of the chromo
somal aberrations characteristic for the 
BNMLlS cell line [10]. By spot blot analysis 
of flow-sorted chromosomes of normal BN 
rat , and also CP-resistant and CP-sensitive 
BNML cells , we are currently establishing 
the chromosomal localization of the 
ALDHI gene in these cells. Hopefully, this 
will tell us whether there is a direct causa-

30 60 90 120 

PM dose (mg/kg) 

* 
EI BNMUCPR 

m BNMUS 

10 100 500 1000 

PM dose (IJM) 

tive link between changed ALDH gene 
structure or localization , leading to the 
observed enhanced ALDH gene expres
sion, and the extra chromosomal aberra
tion , specific for the BNMLlCPR cell 
line. 

Summary 

Brown Norway rat acute myelocytic leu
kemia (BNML) was made resistant in vivo 
to cyclophosphamide (CP) by repeated CP 
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treatment of leukemic animals. The ob
tained BNML/CPR cell line was highly 
resistant to CP in vivo and to activated CP 
in vitro. In the spleen of BNMLlCPR
carrying rats, the level of the CP-detoxify
ing enzyme aldehyde dehydrogenase 
(ALDH) was 6-fold higher, compared to 
non-resistant BNML spleen cells. Inhibi
tion of ALDH by disulfiram led to reversal 
of CP resistance. These studies show that 
increased detoxification capacity can ren
der cancer cells resistant to CPO Whether 
this mechanism of drug resistance occurs 
clinically can easily be tested in vitro. 
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SAENTA-Duoresceins: New Flow Cytometry Reagents for 
Assessing Transport of Nucleoside Drugs in Acute Leukemia 

1. S. Wiley!, G. P. Jamieson2, A. M. Brocklebank2, M. B. Snook!, W H. Sawyer2, 
P. M. Dennington!, 1. McKendrick!, R. K. Woodruff!, and A. R. P. Paterson3 

New strategies are needed to improve the 
outlook for patients with acute myeloid 
leukemia (AML). The use of granulocyte
macrophage colony stimulating factor 
(GM-CSF) given prior to and in combina
tion with chemotherapy represents such a 
new approach and its safety and efficacy 
have been established [1, 2]. GM-CSF is a 
growth promoter of leukemic colony-form
ing cells in vitro [3, 4] and can render such 
cells more susceptible to the cytotoxic 
action of cytosine arabinoside (araC). When 
given in vivo to patients with AML, GM
CSF usually increases the proliferative 
activity of myeloblasts and in a small study 
is associated with a high remission rate to 
subsequent chemotherapy incorporating 
araC. 

The basis for the increased sensitivity of 
cycling cells to nucleoside antimetabolites 
such as araC rests not only on the greater 
incorporation of araC into DNA but may 
also reflect differences in the accumulation 
of araC metabolites in cycling and quiescent 
cells. There is good evidence that araCTP is 
the active metabolite of araC and that this 
triphosphate reaches higher concentrations 
in proliferating cells in culture compared to 
quiescent cells such as peripheral blood 
lymphocytes [5, 6]. Our previous work has 
established that membrane transport of 
araC is rate-limiting for araCTP accumula-
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tion when cells are exposed to araC plasma 
levels of II-lM or less [5, 7] although at araC 
levels in excess of 10 I-lM, the rate-limiting 
step for araCTP accumulation becomes 
deoxycytidine kinase [8]. It follows that 
proliferating cells must transport nucleo
sides such as araC at greater rates and this 
has been shown experimentally for peri
pheral blood lymphocytes which, after sti
mulation by the mitogen phytohemagglu
tinin, develop 3D-fold greater transport 
capacity for araC [9]. Measurement of 
nucleoside transport site densities on a 
variety of fresh and cultured leukemic and 
lymphoid cells provides strong support for 
the concept that the expression of the 
transporter is greater on cycling cells than 
on quiescent cells. Cultured cell lines which 
are permanently committed to growth 
express 100 000-500 000 transporters per 
cell, which is 100-fold greater than values 
found on quiescent peripheral blood lym
phocytes. Even in fresh clinical specimens 
of B-cell lymphomas, AMLs, and T-cell 
acute lymphoblastic leukemia (ALL) a 
linear relationship has been established 
between the number of transporter sites per 
cell and the proliferative fraction shown by 
percentage of S-phase cells [10, 11]. 

The measurements of nucleoside trans
porter density on fresh clinical samples of 
cells has proven value in predicting the 
effect of araC in T-cell ALL/lymphoblastic 
lymphoma [11]. Measurement of nucleo
side transport sites in AML blasts before 
and after growth factor administration 
might also enable a rapid assessment of a 
subsequent response to araC chemothera
py. Nucleoside transport capacity is tradi-
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tionally assessed by ligand binding using 
nitrobenzylthioinosine (NBMPR), a high 
affinity and specific inhibitor of the equili
brative nucleoside transporter [12]. Howev
er, this technique, which employs a 3H_ 
labeled ligand, cannot identify subpopula
tions of cells with different transporter 
densities within a single sample. 

A fluorescent ligand for the equilibrative 
nucleoside transporter would enable li
gand-cell interactions to be analyzed by 
flow cytometry, a technique which can 
differentiate between subpopulations on 
the basis of light scatter and fluorescence 
intensity [13]. In addition, flow cytometry 
requires far fewer cells than are needed for 
analysis of 3H-ligand binding. Although a 
fluorescent dansyl derivative of 6-thiogua
nosine has been synthesized and shown to 
bind to the equilibrative nucleoside trans
porter of human erythrocytes [14] this 
ligand had only moderate affinity (Kd 
100-300 nM) as well as high nonspecific 
binding. We have reported the synthesis of a 
more suitable ligand formed by coupling 
fluorescein-5-isothiocyanate (FITC) to the 
amino group of 5'-S-(2-aminoethyl)N6-(4-
nitrobenzyl)-5' -thioadenosine (SAENTA) 
to produce an analogue that binds tightly to 
the nucleoside transporter [15]. 

This fluorescent ligand is termed SAEN
TA-xrfluorescein where X2 refers to the 
number of atoms in the linkage between 
fluorescein and SAENTA. This SAENTA
x2-fluorescein ligand inhibited the influx of 
3H-nucleoside into cultured RC2a leukemic 
cells and moreover competed with 3H_ 
NBMPR for binding to the transporter in 
the same cell line. Thus SAENTA-xTfluor
escein appears to interact with the same site 
on the transporter as NBMPR although the 
fluorescent ligand bound with a lower affin
ity (Kd 6.2 nM) than that found for 
NBMPR (Kd 0.2-1.0 nM). These estimates 
of the affinity of SAENTA-x2-fluorescein 
for the transporter came from flow cytom
etry measurements on dilute cell suspen
sions equilibrated with a range of SAEN
TA-xz-fluorescein concentrations. Such 
equilibration is rapid and complete within 
10 min of mixing cells with ligand at room 
temperature. Histograms of· cell-bound 
fluorescent were obtained at each concen
tration of SAENTA-xz-fluorescein both in 

66 

the presence and absence of 1 flM NBMPR. 
This NBMPR-sensitive ligand binding (ex
pressed as channels of fluorescence .intensi
ty) was plotted against the SAENTA-X2-
fluorescein concentration. Half maximal 
binding values obtained at low cell concen
trations (lOs/ml) approximate the dissocia
tion constant which for leukemic RC2a cells 
was 6.2 ± 1.0 nM (n = 3). 

A potential drawback with SAENTA
xTfluorescein is its low fluorescence yield 
which was only 15 %-30 % of the values for 
FITC although the exact value depends on 
the solvent used for the measurement. A 
second SAENTA-based ligand for the 
transporter has been synthesized and has 
the structure shown in Fig. 1. This ligand 
has a longer spacer arm of eight atoms (xs) 
between SAENTA and fluorescein and this 
results in a 60 % increase in fluorescence 
intensity. This ligand also gave extremely 
high specific binding to the nucleoside 
transporter of leukemic RC2a cells, as 
illustrated by the fluorescence histograms in 
Fig. 2. Incubation of cells with 1 flM 
NBMPR prior to addition of ligand reduced 
cell-associated fluorescence almost to the 
level of autofluorescence indicating very 
low nonspecific binding by this ligand. 

Specific binding of SAENTA-fluorescein 
ligands can only be expressed in units of 
fluorescence intensity (i.e., channels of 
fluorescence on the flow cytometer). To 
allow comparison of measurements per
formed on different flow cytometers and on 
different days, a calibration is included with 
each run. Fluorescent standard beads con
taining known numbers of fluorescein 
molecules were analyzed under the same 
conditions as the leukemic cells. The fluor
escence histograms are shown in Fig. 3 for 
beads containing 7000, 13 000, 29000, and 
62000 molecules of equivalent soluble 
fluorescein (MESF). Calibration curves of 
MESF against mean fluorescence channel 
number were constructed to enable specific 
binding of the SAENTA-fluoresceins to be 
expressed in units of MESF. Although 
SAENTA-xs-fluorescein binds with 1: 1 
stoichiometry to the nucleoside transport
er, SAENTA-xs-fluorescein binding ex
pressed in MESF does not simply equate 
with the number of nucleoside transporters 
due to differences in fluorescence quench-
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Fig. 1. Structure of SAENTA-xs-fluorescein 
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Fig. 2. Fluorescence histograms of SAENTA
xs-fluorescein binding and its inhibition by nitro
benzyilthioinosine (NBMPR). RC2a leukemic 
cells were preincubated with or without 1 11M 
NBMPR for 10 min at room temperature; 50 nM 
SAENTA-xs-fluorescein was then added and the 
cells incubated for a further 15 min. Histograms 
of cell-bound fluorescence were obtained by flow 
cytometric analysis of cells. Excitation was at 488 
nm and emission was collected between 515 nm 
and 550 nm. Integrated fluorescent signals gen
erated from individual cells were assigned into 
256 channel histograms. The autofluorescence 
histogram was obtained using untreated cells 
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Fig. 3. Fluorescence histogram of a mixture of 
standard fluorescent microspheres containing 
known numbers of molecules of equivalent solu
ble fluorescein (MESF; Flow Cytometry Stan
dards Corporation). Bead signals were compared 
to signals from SAENTA-xs-fluorescein bound to 
leukemic cells under the same conditions and the 
same settings of the flow cytometer on each 
run 
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ing between the standard beads and the cell 
surface. By constructing nomograms of 
SAENTA-xs-fluorescein binding (in 
MESF) against [3H]NBMPR binding sites, 
the amount of cell-bound ligand (in MESF) 
can be translated to numbers of nucleoside 
transporters per cell. 

The utility of the SAENTA-fluorescein 
probes has been assessed in a small clinical 
study of patients with relapsed or refractory 
AML given GM-CSF for 72 h before and 
then for 4 days after starting chemotherapy 
with araC plus daunorubucin . Bone mar
row aspirates were taken at 0 and 72 h of 
GM-CSF administration and the mononu
clear fraction analyzed for (3H]thymidine 
labeling index, Ki-67 antigen expression, 
and density of nucleoside transport sites. 
The first patient (MZ) was diagnosed as 
having AML (FAB subtype M4) and failed 
initial induction therapy with araC plus 
daunorubucin (7 plus 3 regimen). Cytogen
etics showed a monosomy 7, consistent with 
a myelodysplastic disorder [16] although 
there was no history of pre-existing cytope
nias. The administration of GM-CSF subcu
taneously, once daily at 5 /lg/kg day pro
duced a marked leukocytosis with total 
white cell count rising from 4 to 28 x 109/1 
after 72 h although subsequent chemother
apy controlled this rise (Fig. 4). The blast 
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Fig. 4. Peripheral blood white cell counts of a 
patient with AML (MZ) receiving GM-CSF. Total 
white cell counts (0) and blast cell counts (0) are 
shown during the initial 96 h of GM-CSF therapy 
given s.c. at a dosage of 5 f.tg/kg day. After 72 h 
araC was given by continuous i.v. infusion at 100 
mg/m2 day for 7 days together with daunorubicin 
(DR) at 30 mg/m2 per day for 3 days 
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count in the peripheral blood also rose with 
GM-CSF, as did the polymorphs, band 
forms, and monocytes. Large "monocy
toid" cells appeared for the first time with 
diameters of 25-35 /lm, folded or indented 
nuclei, 1-3 nucleoli, and faint granulation 
(Fig. 5). Although these cells appeared 
morphologically promonocytic , cytochemi
cal staining with chloroacetate esterase 
positively identified them as giant dysplas
tic myelocytes and metamyelocytes. The 
appearance of abnormal giant forms of 
white cells following granulocyte colony
stimulating factor (G-CSF) therapy has 
been previously reported in patients recov
ering from cytotoxic chemotherapy in
duced neutropenia [17]. 

The bone marrow aspirates showed an 
increased percentage of blasts after GM
CSF pretreatment (from 37 % to 50 %) 
while (3H]thymidine labeling index of bone 
marrow mononuclear fraction was likewise 
increased by the cytokine treatment from 
8 % to 15 %. SAENTA-xs-fluorescein bind
ing to the blast subpopulation rose from 
3070 to 6360 sites/cell after 48 h of GM-CSF 
pretreatment. In this patient only one 
colour (fluorescein) histograms were ob
tained on blast cells which were simply 
defined by their large size and lack of 
granularity on flow cytometry. This increase 
in nucleoside transport site expression is 
compatible with the increasing blast num
bers and the rise in (3H]thymidine labeling 
index, both of which indicate prolifera
tion. 

The second patient in (RV) presented 
with fever and swollen submandibular 
glands and was diagnosed as having AML 
(FAB subtype M4Eo) in 1988. He entered 
complete remission following araC plus 
daunorubicin combination chemotherapy 
and remission was maintained for 22 
months. Neutropenia then developed and 
relapse was confirmed by a bone marrow 
showing 56 % blasts and 0.6 % eosinophils, 
including some with abnormal granulation 
(Table 1). Routine immunophenotyping 
confirmed that the blasts were CD34+ and 
la+. GM-CSF was administered for 72 h 
before commencing chemotherapy but the 
cytokine produced no increase in either the 
percentage of blasts in bone marrow or in 
absolute blast count in the peripheral blood 



Fig. 5. Large atypical (dysplastic) myelocytes observed in the bone marrow of patient MZ 72 h after 
commencement of GM·CSF 

Table 1. Effect of GM-CSF given in vivo on peripheral blood and bone marrow morphology, 
proliferation and nucleoside transporter expression on blasts 

Duration of GM-CSF administration (5 f1g/kg/day s.c.) 

PB 
Total white cells 

PB blasts ( x 109/1) 
Bone marrow % blasts 

% eosinophils 
% monocytes 

Marrow mononuclears 3H-thymidine LI 
Ki-67 positive cells 

SAENT A -Xs-fluorescei n 
binding to CD34+ cells (sites/cell) 

LI , labeling index; PB, peripheral blood 

(Table 1). The parameters of proliferation 
in the marrow mononuclear fraction 
increased after the GM-CSF since PH]thy
midine labeling index rose from 10 % to 
13 % while K-67 positive cells also rose 
from 36 % to 46 % (Table 1). These meas
urements of proliferative activity, however, 

Oh 72h 

2.1 3.1 

0.37 0.34 
56 57 

0.6 2.8 
0.8 0.2 
9.9 13.0 

36 46 
5800 13100 

were not totally specific for the blast cell 
compartment since these cells made up only 
two-thirds of the marrow mononuclear 
sample. Residual normal myeloid precur
sors may have participated in the prolifera
tive response to GM-CSF and elevated 
estimates of the percentage of S-phase cells 
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in the sample. Binding of SAENTA-xs
fluorescein was then measured specifically 
to the leukemic blast cell compartment by 
using one of the features of flow cytome
try. 

The flow cytometric assay usually meas
ures SAENTA-xs-fluorescein binding 
(green fluorescence) on discrete subpopula
tions of cells defined by forward angle light 
scatter (size) and side scatter (granularity). 
With leukemic bone marrow samples, these 
two parameters are not always sufficient to 
define the leukemic blast subpopulation, 
particularly when it comprises under 50 % 
of the nucleated cells. Flow cytometry 
allows leukemic blast subpopulations to be 
positively identified by measurement of a 
fourth parameter, red fluorescence from 
phycoerythrin labeled monoclonals against 
one of the myeloid antigens commonly 
expressed on myeloblasts, e.g., CD13, 
CD14, CD33, or CD34. Routine immuno
phenotyping of leukemic samples can be 
used to select the most appropriate anti
body for this purpose. Figure 6 shows how 
phycoerythrin-labeled anti-CD34 can be 
used to define the myeloblast population in 
bone marrow. The two-dimensional histo
gram of forward scatter versus side scatter 
(left and panel, Fig. 6) shows a mixed 
population comprising blasts, lymphocytes, 

: ..... " 

Side Scatter 

monocytes, and nucleated red cells. When 
forward scatter (size) was plotted against 
intensity of red fluorescence (phycoery
thrin-labeled anti-CD34) the CD34+ blast 
population was clearly defined and sepa
rated from the other cells in the marrow 
sample (right hand panel of Fig. 6). SAEN
TA-fluorescein binding to this gated CD34+ 
blast population was then measured and 
showed a 2.3-fold increase from 5800 to 
13 100 sites/cell as a result of GM-CSF 
therapy (Table 1). Blast cell size estimated 
by forward angle light scatter "On flow 
cytometry did not change so that the 
increase in SAENTA-xs-fluorescein binding 
could not be attributed to a size increase but 
rather to recruitment of Go cells into cell 
cycle, a phenomenon which has been 
observed with myeloblasts incubated in 
vitro with GM-CSF [18]. The paradox of 
how GM-CSF given for 72 h can initiate 
proliferation in these myeloblasts without 
raising the percentage of blasts in the bone 
marrow is difficult to explain. Cell cycle 
kinetics are extremely sluggish in some 
patients with AML [19] and it is possible 
that while GM-CSF may rapidly recruit Go 
cells, in some patients progression through 
cell cycle to mitosis is far slower. Whatever 
the explanation, it is evident that SAEN
TA-fluorescein ligands for the nucleoside 

. .. 
CD-34 (PE) 

Fig. 6. Two-dimensional flow cytometric histograms of mononuclear cells in the bone marrow of 
patient RV with AML. The left hand panel is a two-dimensional histogram of forward scatter (size) 
against side scatter (granularity). These two parameters alone were insufficient to identify the blast cell 
population. The right hand panel plots forward scatter (size) against red fluorescence due to binding of 
phycoerythrin (PE)-labeled anti-CD34. A population of CD34-positive cells can be separated, and 
SAENTA-Xg-fluorescein binding to this gated population was measured 
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transporter offer a promising new tool to 
study the biology of leukemic cells which 
may help the clinician predict those patients 
who will be responsive to standard dose 
araC. 
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Human Stem Cell Factor: Biological Effects and Receptor 
Expression on Myeloid Leukemia Cells 

T. Pietsch', U. Kyas', K. Zseb02 , and K. Welte' 

Introduction 

Recently a novel hematopoietic growth has 
been identified and characterized that sti
mulates primitive mouse progenitor cells 
[13,15]. This factor, termed stem cell factor 
(SCF) , is a multipotent hematopoietic colo
ny-stimulating factor (CSF) that acts after 
binding to its specific surface receptor, the 
protein encoded by the proto-oncogene 
c-kit [14,12]. The cDNA for human SCF has 
been cloned, expressed in mammalian cells, 
and the recombinant factor purified to 
homogeneity [15, 6]. Whereas SCF for itself 
has only low capacity to induce colony 
formation in progenitor assays in vitro 
(CFU-GM, BFU-E, CFU-GEMM, and 
CFU-L) on normal bone marrow cells, it 
has strong synergistic activities with other 
factors. It synergizes with granulocyte CSF 
(G-CSF), granulocyte-macrophage CSF 
(GM-CSF), and interleukin-3 (IL-3) in 
myelopoiesis [8], with erythropoietin 
(EPO) in erythropoiesis [8], with IL-6 in 
megakaryopoiesis, with IL-7 in lympho
poiesis [9], and with IL-3 in mast cell growth 
[7]. The aim of this study was to investigate 
the mitogenic potential of SCF alone or in 
synergy with other factors and the pattern 
of its receptor expression on myeloid leu
kemia cells. 

I Department of Pediatric Hematology and 
Oncology, Medical School Hannover, FRG 
2 Amgen, Thousand Oaks, California, USA 

Materials and Methods 

Cell Lines and Fresh Leukemic Cells 

Most human myeloid leukemia cell lines 
were obtained from ATCC and DSM 
(Deutsche Sammlung fUr Mikroorganis
men, Braunschweig, FRG). The GM-CSF
dependent cell line GM/SO was kindly 
provided by Dr. S. Oez, UniversiUitsklini
kum Niirnberg, FRG [10]. The cell line 
GM-153 was provided by Dr. M. Freund, 
Medizinische Hochschule Hannover, FRG. 
The cell lines were cultured in RPMI 1640 
(Gibco) with 10 % fetal calf serum (FCS; 
Gibco, Berlin, FRG) and 1 mM L-gluta
mine. Fresh leukemic cells were collected 
from two patients with acute promyelocytic 
(FAB Ml) leukemia. Peripheral blasts 
(>95 % .of leukocytes) were isolated by 
gradient centrifugation with Ficoll-Hypa
que (Pharmacia, Freiburg, FRG) and 
depleted from aherent cells by plastic 
adherence for 1 h at 37 0 C. The purity of this 
preparation was checked by FACS analysis. 
All cultered cells and cell lines were tested 
and found free of mycoplasma contamina
tion by DAPI staining and culture 
methods. 

Human Recombinant Factors 

Recombinant human SCF rhSCF and rhG
CSF were provided by Amgen, Thousand 
Oaks, California, USA, rhGM-CSF, rhIL-
3, and rhEPO were from Behringwerke, 
Marburg, FRG, and M-CSF was from 
Alpha Therapeutics, Japan. 
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Antibodies 

The monoclonal anti-kit antibody YB5.B8 
[2] was kindly provided by Dr. L. Ashman, 
University of Adelaide, South Australia. 
This antibody was used in a 1: 1000 dilution 
of ascitesfor FACS analysis. 

3 H-Thymidine Incorporation Assays 

The mitogenic activity of rhSCF alone or in 
combination with other CSFs (G-CSF, GM
CSF, M-CSF, IL-3, and EPO) was deter
mined in a 3H-thymidine incorporation 
assay. Myeloid leukemia cells in exponen
tial growth phase were washed three times 
with complete medium (RPMI 1640, 10 % 
FCS, 1 m M L-glutamine) and then plated in 
a concentration of 5 x 104 cells/ml (cell 
lines) and 5 x 105 cells/ml (fresh leukemic 
blasts) in 96 well flatbottom microtiter 
plates (200 [ll/well) containing various con
centrations (0-500 ng/ml) of rhSCF alone or 
in combination with other CSFs. The other 
factors were used in concentrations known 
to be saturating (100 units/ml). After a 
culture period of 68 h at 37 0 C, 5 % CO2, the 
cells were exposed to a 4 h pulse of 0.5 [l Ci 
3H-thymidine (25 Ci/mmol; Amersham). 
Finally, the cells were harvested on glass 
fiber strips and the incorporated radioactiv
ity measured in a scintillation counter 
(Packard). 

Binding Studies with 125J-rhSCF, 
125 J-rhG-CSF 

rhSCF was radiolabeled by the lactoper
oxidase/glucoseoxidase method using enzy
mobeads (Biorad) following the instruc
tions of the manufacturer. Briefly, 10 [lg of 
rhSCF was labeled by incubation with 1 
mCi 125I_Na (Amersham, Braunschweig, 
FRG) in the presence of enzymobeads to a 
specific activity of 10 [lCi/[lg. The rhG-CSF 
analogue Met-Lys-rhG-CSF (kindly pro
vided by Dr. L. Souza, Amgen, Thousand 
Oaks, California, USA) was radioactively 
labeled according to the method described 
by Bolton and Hunter [4] using iodinated 
Bolton-Hunter reagent (Amersham). Free 
iodide was removed by passage through a 
desalting column (P6-DG; Biorad, Rich-
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mond, USA), equilibrated with phosphate
buffered solution (PBS), containing 0.02 % 
Tween 20 (Biorad) and 0.01 % NaN3. Bind
ing assays were performed on 4 x IOn 
leukemic blasts in a volume of 500 [ll RPMI 
1640 with 0.1 % gelatin with various con
centrations of '25I-rhSCF ranging between 
100 and 30000 pmol/!. The incubation was 
performed at 37 0 C for 1 h. Identical 
incubations were also performed in the 
presence of 2.5 [lmolll unlabeled rhSCF. 
Aliquots of 125 # [ll of the cell suspension 
were then layered onto silicon oil and 
centrifuged. The radioactivity in the pellet 
(bound) and the supernatant (free) was 
determined separately in a gamma-counter. 
The specific binding was calculated from 
the difference between the radioactivity 
bound in the absence and presence of 
unlabeled rhSCF. The dissociation constant 
and the number of binding sites per cell 
were determined using Scatchard analysis 
[11]. Fresh leukemic blasts were treated for 
20 s with sodium citrate buffer (10 mmolJl, 
pH 4.0) and subsequently washed with 
RPMI 1640 prior to the binding assay in 
order to remove bound nSCF. 

Flow Cytometry 

Indirect immunofluorescence for staining 
with the anti-kit antibody YB5.B8 [2] was 
performed as described by Hadam [5] using 
commercial immunoglobulin (Gammona
tiv; Kabi, Munchen, FRG) to competitively 
block Fc receptors and fluoresceinated goat 
immunoglobulin F( ab')2 fragments directed 
against mouse IgG and IgM (Dianova, 
Hamburg, Germany) as developing rea
gent. All incubations were carried out in 
PBS with 0.1 % bovine serum albumin and 
0.02 % NaN]. Flow cytometry was per
formed on a FACS 440 cell sorter (Becton
Dickinson, Heidelberg, FRG). 

Results 

Mitogenic Activity of rhSCF on Myeloid 
Leukemia Cells 

We tested rhSCF on 21 myeloid leukemia 
cell lines and fresh leukemic blasts from two 



patients in proliferation assays. A signifi
cant proliaferative response to rhSCF was 
detected in four cell lines (GM-153, acute 
myeloid leukemia; GM/SO, chronic 
myeloid leukemia; HEL, erythroleukemia; 
and M07e , megakaryoblastic leukemia) 
and in one of the two fresh leukemias, both 
of promyelocytic (FAB Ml) type (Table 1). 
Half maximal proliferation in response to 
rhSCF was found at concentrations of about 
10 ng/ml (cell line M07c). Synergistic 
activity of rhSCF with other CSFs was 
detected in all SCF responsive cells. In 
M07e cells, SCF showed synergistic activity 
with IL-3 and GM-CSF in inducing the 
proliferation. However, the proliferation of 
these cells in response to SCF alone was 
rather high (Table 2). In contrast to M07e 

Table 1. Proliferative response of leukemia 
cells to stem cell factor (SCF) 

Type of 
leukemia 

Acute 
myeloid 

Acute 
monocytic 

Monocytic 
Chronic 
myeloid 

Erythro-
leukemia 

Megakaryo-
blastic 

Cell line 

HL-60 

KG-1 
KG-1a 
RC-2A 
CTV-1 
OCI-AML-1 
OCI-AML-1a 
OCI-AML-2 
OCI-AML-3 
GM-153 
Fresh M1 (#1) 
Fresh M1 (#2) 
THP-1 

ML-2 
U-937 
GM/SO 

GDM-1 
TMM 
KMOE 

K-562 
SPI-801 
HEL 
M07e 

Proliferative 
response 
to rhSCP 

+ 
+ 

+ 

+ 
+ 

a Alone or in combination with G-CSF, 
GM-CSF, M-CSF, IL-3, or EPO. 

cells, GM/SO cells proliferated best in 
response to GM-CSF alone, or after stimu
lation with a combination of GM-CSF and 
SCF (Table 3). In these cells, SCF alone has 
only minor mitogenic activity. Interestingly, 
a synergistic activity of SCF was also found 
with EPo. The fresh leukemic blasts (Ml, 
#1) responded only moderately to SCF and 
other single CSFs. Significant increases of 

Table 2. Proliferation (3H-thymidine uptake) of 
M07e cells in response to single or combined 
cytokines 

Added factor 

G-CSF 
M-CSF 
EPO 
GM-CSF 
IL-3 
GM-CSF + IL-3 
SCF 
SCF + GM-CSF 
SCF + IL-3 
SCF + GM-CSF + IL-3 

Stimulation index 
Mean Standard 

1.04 
1.07 
0.87 

45.07 
55.10 

116.04 
235.87 
251.25 
253.99 
260.94 

deviation 

0.11 
0.30 
0.10 
2.65 
2.07 
7.37 

15.25 
10.94 
16.82 
34.37 

3H-thymidine uptake in the absence of growth 
factors (spontaneous proliferation) was 288 ± 
47 cpm. 

Table 3. Proliferation (3H-thymidine uptake) of 
chronic myeloid GM/SO cells 

Added Factor 

G-CSF 
M-CSF 
EPO 
GM-CSF 
IL-3 
SCF 
SCF + GM-CSF 
SCF + IL-3 
SCF + EPO 
SCF + GM-CSF + IL-3 

Stimulation Index 
Mean Standard 

1.24 
1.12 
4.97 

42.90 
1.80 
7.72 

49.78 
8.07 

13.14 
56.27 

deviation 

0.29 
0.12 
0.88 
2.94 
0.13 
0.83 
1.07 
0.23 
0.25 
7.43 

3 H-thymidine uptake in the absence of growth 
factors (spontaneous proliferation) was 3545 
± 906 cpm. 
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proliferation were found when SCF was 
combined with G-CSF, GM-CSF or IL-3 
(Table 4). The strongest proliferative effect 
was seen with a combination of SCF, GM
CSF, IL-3, and G-CSF with stimulation 
indices up to 53. 

Receptor Expression on Myeloid 
Leukemic Cells 

The number of SCF binding sites on myel
oid leukemia cells were determined using 
125I-radiolabeled rhSCF and subsequent 
Scatchard analysis. The number of binding 
sites for SCF on responding cells ranged 
between 2000 and 33 150 binding sites per 
cell (Table 5). The nonresponding line K-
562 was used as control. In this cell line we 
were not able to detect binding sites for 
SCE The cell lines with detectable binding 
sites also stained with the anti-kit oncopro
tein antibody YB5.B8 (Table 5). The 
expression of SCF binding sites depended 
on the presence of cytokines in the culturue 
medium prior to the binding assay. M07c 

cells demonstrated 33 150 binding sites 
when cultured with rhGM-CSF (100 V/ml 
for 3 days), but only 2000 when cultured in 
medium containing SCF (100 ng/ml). 

Discussion 

We were able to define a subset of myeloid 
leukemia cell lines and fresh leukemic 
blasts that have receptors for SCF and 
respond to this factor with proliferation. 
The ability to grow after stimulation with 
SCF seemed not to correlate with a distinct 

Table 4. Proliferation eH-thymidine uptake) of 
fresh promyelocytic leukemia cells (# 1) 

Added Factor 

G-CSF 
M-CSF 
GM-CSF 
.IL-3 
GM-CSF + IL-3 
SCF 
SCF + GM-CSF 
SCF + IL-3 
SCF + GM-CSF + 11-3 
SCF + G-CSF + GM
CSF + IL-3 

Stimulation index 
Mean Standard 

3.64 
2.26 
2.42 
9.51 
6.91 

12.51 
15.74 
25.57 
27.37 
53.51 

deviation 

1.42 
0.35 
0.32 
1.17 
0.23 
1.00 
1.22 
2.05 
0.95 
2.65 

3H-thymidine uptake in the absence of growth 
factors (spontaneous proliferation) was 162 ± 
74 cpm. 

morphological type of myeloid leukemic 
cells. The responding cell lines had different 
FAB types. To exclude the possibility that 
myeloid leukemia cells are selected for 
responsiveness to SCF during long-term 
culture we have also tested freshly isolated 
blasts. One of the two blast preparations 
responded to SCE The mitogenic activity of 
SCF on leukemic blasts seems to be impor
tant for the clinical behavior of myeloid 
leukemia cells in vivo. The expression of the 
antigen detected by the monoclonal anti
bodyYB5.B8, which later turned out to be 
the SCF receptor, on myeloid leukemia cells 
defined a subset of acute nonlymphoblastic 
leukemia with poor prognosis [3]. Interest
ingly, in most leukemia cells, but not in the 
M07e cell line, the response to SCF alone 

Table 5. Stem cell factor binding sites on leukemia cells (Scatchard analysis) 

Cell Line 

K-562 
HEL 
GM/SO 
M07e 

Type 

Erythroleukemia 
Erythroleukemia 
Chronic myeloid 
Megakaryoblastic 

(Cultured in rhSCF) 
(Cultured in rh GM-CSF) 

+ 
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SCF binding 
sites per cell 

0 
3600 

29000 

2000 

Proliferative Staining with 
response to SCF YB5.B8 

+ + 
+ + 

+ + 
33150 + 



was rather moderate. This reflects the situ
ation in normal bone marrow, where 
approximately 2 % of the mononucleated 
cells have SCF receptors [2]: the effects of 
SCF on normal bone marrow progenitor 
cells expressing receptors for SCF are barely 
detectable in progenitor cell assays like 
CFU-GM, BFU-E, or CFU-GEMM, if the 
factor is used alone. After combination of 
this factor with a lineage-restricted factor 
like EPO, GM-CSF, IL-3, or G-CSF syner
gistic effects are seen in respect to an 
increase of the number and size of colonies 
without a change in their cellular composi
tion [8]. Hypotheses about the mechanisms 
of SCF action include that SCF helps quies
cent normal stem cells to enter the cell 
cycle, and induce or increase the expression 
of specific receptors fo the other lineage
specific CSFs on the surface of the progeni
tor cell surface. We have evidence that this is 
also the case in the malignant counterpart 
of myelopoiesis, the myeloid leukemias. 
Preliminary studies on fresh promyelocytic 
blasts previously shown to express both 
G-CSF and SCF receptors showed an upreg
ulation of G-CSF receptors when cultured 
for 24 h in the presence of 100 ng/ml SCE 
Binding assays using 125I-radiolabeled rhG
CSF showed an increase from 3000 to 4600 
G-CSF binding sites. We have also evidence 
that the expression of SCF receptors is 
regulated by CSFs, because the receptor 
numbers for SCF vary depending on the 
presence of specific CSFs, as shown on the 
M07e line (Table 5). When cultured in 
GM-CSF-containing medium, the cells 
expressed 33 150 receptors, with SCF only 
2000. This corresponds to a higher prolifer
ative response to SCF in cells cultured with 
GM-CSF (data not shown). The growth
promoting activity of SCF on leukemic 
blasts was most potent, when SCF factor 
was combined with one or more CSFs. This 
effect can also be explained by an upregu
lation of the specific receptors, so that the 
leukemic cells become more responsive to 
the corresponding factors. Because the 
expression of SCF receptors on myeloid 
leukemia cells defines a subset with poor 
prognosis, it is likely that this is due to the 
action of SCE A role of SCF in lymphoblas
tic leukemia has also to be considered 
because SCF is known to synergize with 

IL-7 on normal lymphoblastic progenitor 
cells [9]. Agents like antibodies or soluble 
receptors may be able to block these actions 
and may be future therapeutic tools. On the 
other hand, SCF may be also a potent 
synchronizing agent to bring quiescent leu
kemic cells into cycle and increase the 
susceptibility of leukemic cells to chemo
therapeutic agents [1]. Further studies are 
necessary to evaluate the potential clinical 
use of this factor or its antagonists. 

Summary 

A novel hematopoietic growth factor, the 
stem cell factor (SCF), for primitive hema
topoietic progenitor cells has recently been 
purified and its gene has been cloned. In 
this study we tested the mitogenic activity 
of recombinant human (rh) SCF on myeloid 
leukemia cells as well as the expression of its 
receptor. We have investigated the pro
liferation of 21 myeloid leukemia cell lines 
as well as fresh myeloid leukemic blasts 
from two patients in a 72 h 3H-thymidine 
uptake assay in the presence of various 
concentrations of rhSCF alone or in combi
nation with saturating concentrations of 
G-CSF, GM-CSF, M-CSF, IL-3, or erythro
poetin. Four out of 21 lines significantly 
responded to SCF, as well as leukemic cells 
from one patient with acute myeloid leu
kemia (FAB M1). The responding cell lines 
were of acute promyelocytic, chronic myel
oid, megakaryoblastic and erythroleukemia 
origin. Synergistic activities of SCF were 
found with G-CSF, GM-CSF, erythropoe
tin, and IL-3. To determine the SCF binding 
sites on leukemic cells, we used 125I-radiola
be led SCF in Scatchard analysis. The leu
kemic cells responding to SCF expressed 
between 2000 and 33 000 binding sites per 
cell. The SCF receptor expression is regu
lated by the presence or absence of hema
topoietic growth factors. This study sug
gests that SCF may be an important factor 
for the growth of a subset of myeloid 
leukemia cells, either as a direct stimulus or 
as a synergistic factor for other cytokines. 
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Recombinant Human Granulocyte-Macrophage 
Colony-Stimulating Factor Following Chemotherapy in Patients 
with High-Risk AML 

T. Buchner1, W Hiddemann1, M. Koenigsmann1, M. ZuhlsdorfI, B. Wormann!, 
A. Boeckmann1, E. Aguion Freire1, G. Innigl, G. Maschmeyer2, W-D. Ludwig3, 
M.-C. Sauerland4, A. Heinecke4, and G. Schulz5 

Introduction 

Despite great efforts in supportive care for 
patients with acute myeloid leukemia 
(AML) , early death during the phase of 
induction treatment still remains an 
unsolved therapeutic problem. Multicenter 
trials [1-6] show early deaths in 17 %-32 % 
of patients at all ages and 27 %-52 % in 
those 60 years of age and older. In addition, 
intensive chemotherapy for relapsed and 
refractory AML produced up to 56 % com
plete remissions (CR) but also 29 % early 
deaths [7, 8] or probably more [9]. After 
postinduction intensification chemothera
py 5 %-20 % of patients died from toxicity 
[6]. Infections due to neutropenia were 
responsible for most of the early deaths 
during induction therapy [1-4] and repre
sent the major dose-limiting toxicity. Thus, 
reducing the phase of critical neutropenia 
would allow more effective antileukemic 
chemotherapy. 

Before this first study [10, 11] recombi
nant human granulocyte-macrophage colo
ny-stimulating factor (GM-CSF) was not 
applied in AML. Under various other con
ditions GM-CSF has been proven to effec
tively stimulate granulopoiesis. In primates 

I Departments of Hematology/Oncology. Uni
versity of Miinster, 2Evangelisches Krankenhaus 
Essen-Werden, FRG 
3 Free University Hospital, Steglitz,West Berlin, 
FRG 
4 Department of Biostatistics, University of 
Miinster and 5Behringwerke, AG Marburg, 
FRG 

a dramatic rise of neutrophils was induced 
[12, 13] which similarly occurred in an 
animal with virus-induced pancytopenia 
[12]. After irradiation [14] or combined 
irradiation, cytostatic treatment, and auto
logous bone marrow transplantation [15, 
16] the recovery of neutrophils was acceler
ated by GM-CSF. Given to humans, GM
CSF induced an increase of neutrophils in 
patients with AIDS [17] and in patients with 
aplastic anemia [18, 19]. The phase of 
therapy-induced critical neutropenia could 
be reduced after chemotherapy for sarco
mas [20] and after chemotherapy followed 
by autologous bone marrow transplantation 
for breast cancers and malignant melano
mas [21]. As preleukemic disorders, myel
odysplastic syndromes have been treated 
now with GM-CSF [22-25] and showed an 
effective increase of neutrophil counts. 

When considering GM-CSF as a part of 
treatment for AML its potential stimulato
ry effect on leukemic blasts has to be taken 
into account. In vitro leukemic blast growth 
in both colony assays and suspension cul
tures was stimulated in the presence of 
GM-CSF [26-32] in up to 97 % [28] of 
AMLs. In myelodysplastic syndromes some 
patients receiving GM-CSF responded with 
an increase of blasts and even a transforma
tion into AML [23-25]. Thus, GM-CSF in 
AML was restricted in this first step to 
patients at high risk of early death due to 
early or multiple relapse or higher age. The 
clinical and hematological responses were 
evaluated in comparison with control 
groups not receiving GM-CSF and treated 
in phase II and III chemotherapy studies at 
the same institutions. 
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Fig. 1. Study design 

Patients and Methods 

Patients 

The criteria for entering the GM-CSF study 
included (a) adult patients at all ages with 
early relapse occurring in the first 6 months 
of remission and with multiple relapse, and 
(b) patients 65 years of age and older with 
newly diagnosed AML or late relapse. 
Patients having had bone marrow trans
plantation before they relapsed and second
ary leukemias were included in the GM
CSF study. A written informed consent was 
obtained from each patient. All investiga
tions were performed after approval by the 
local ethical committee and in accordance 
with the Declaration of Helsinki. The histo
rical control groups were treated at the 
same institutions and received the same 
chemotherapy. 

Study Design 

If the bone marrow 3 days after the end of 
chemotherapy was aplastic with less than 
5 % blasts, GM-CSF 250 IJ.g/m2/day contin
uous i.v. infusion started on day 4. When a 
neutrophil count of 2000/mm3 was achieved 
and maintained for 4 days the dose was 
reduced to 125 IJ.g/m2 for 4 days and to 50 
IJ.g/m2 for another 4 days until the infusion 
was discontinued (Fig. 1). 

Recombinant Human GM-CSF 

Recombinant human GM-CSF was pro
vided by Behringwerke AG Marburg, West 
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Germany. The recombinant protein was 
expressed in yeast and purified by Immunex 
Corporation (Seattle, WA, USA), as 
described by Cantrell et al. [33]. Sterility, 
general safety, and purity studies met Food 
and Drug Administration standards. 

Chemotherapy 

Early or multiple relapses were treated with 
sequential high-dose cytosine arabinoside 
(ara-C) and mitoxantrone (S-HAM) [34] 
combining high-dose ara-C randomly either 
1 g/m2 or 3 g/m2 q 12 h by 3 h i.v. infusion on 
days 1,2, 8, and 9, and mitoxantrone, 10 
mg/m2/day i.v. infusion on days 3,4, 10, and 
11. Only of\e course of S-HAM was given to 
each patient. Newly diagnosed AML and 
AML late relapses in the higher age group 
were treated with 9-day 6-thioguanine, ara
C and daunorubicin (TAD9) [4], containing 
6-thioguanine, 100 mg/m2 q 12 h orally on 
days 3-9; araC, both 100 mg/m2/day contin
uous i.v. infusion on days 1 and 2 and q 12 h 
i.v. infusion over 30 min on days 3-8 and 
daunorubicin randomly either 30 or 60 
mg/m2/day i.v. injection on days 3-5. 
Patients with inadequate blast clearance 
received a second course of TAD9. After 
attaining CR, patients received one addi
tional course of TAD9 for consolidation 
and monthly maintenance by 5-day courses 
of ara-C combined in rotation with dauno
rubicin or 6-thioguanine or cyclophospham
ide for 3 years, as previously described [4]. 
No postremission chemotherapy was given 
to patients achieving CR after relapse. 



Definitions of Outcome 

CR was defined by a normocellular hema
topoietic marrow with less than 5 % leu
kemic cells and a peripheral blood with at 
least 1500 neutrophils/mm3 and 100000 pla
telets/mm3• Remission duration was from 
achievement of CR until relapse. Adverse 
events were graded according to Eastern 
Cooperative Oncology Group (ECOG) cri
teria [35]. 

Laboratory Tests 

Complete blood counts including white and 
red cell, reticulocyte, platelet and differen
tial counts were done daily. Bone marrow 
aspirates and biopsies were obtained before 
and after chemotherapy and after GM-CSF 
when CR criteria in blood counts were 
achieved, or in case of persistent cytopenia. 
Bone marrow microscopy included quantif
ication of cellularity, percentage of blasts 
and normal hematopoietic cells, and classif
ication of leukemic cells according to FAB 
criteria [36]. DNA histograms from bone 
marrow cells were obtained by flow cytom
etry as previously described [37, 38]. DNA 
aneuploidy was defined by a clonal devia
tion of at least 5 % of the cellular DNA 
content from admixed normal blood refer
ence cells [39]. Colony forming progenitor 
cells in the bone marrow growing on 
methylcellulose were monitored using me
thods described by Rowley et al. [40]. Bone 
marrow' aspirates were separated on Ficoll 
gradients and interphase cells were washed 
in Iscove's modified Dulbecco's medium 
(IMDM). Quadruplicate samples of 50000 
cells were seeded into 1.3 % methylcellu
lose in IMDM, 30 % fetal bovine serum, 50 
f.lM beta-mercaptoethanol, 2 f.lM L-glutam
ine, 100 milliunits/ml penicillin and 100 
f.lg/ml streptomycin. Parallel samples were 
grown with or without 100 units/ml GM
CSF (Behring) or with 5 % phytohemag
glutinin leukocyte-conditioned medium. 
After 14 days at 37°C in a water-saturated 
atmosphere with 5 % CO2, colonies were 
scored under an inverted microscope (x 
40). For verification of their morphology 
single colonies were picked from the plates, 
cytospun onto slides and Pappenheim 

stained. Leukemic colonies were identified 
morphologically and by their ability to grow 
in secondary plates. 

Results 

Therapeutic Response 

Between September 1987 and December 
1989, thirty six consecutive patients entered 
the GM-CSF study. Of these, 30 received 
GM -CSF and are listed in Table 1. GM -CSF 
was infused over a median of 18 (range 
10-48) days. Of the patients receiving GM
CSF, 18 (60 %) attained CR, three (10 %) 
died in the first 6 weeks, seven (23 % ) died 
later in bone marrow hypoplasia with no 
blasts, and two patients (7 %), in whom 
AML persisted, were classified as definite 
nonresponders. One of the nonresponders 
(patient 3) showed a 30 % reinfiltration of 
his bone marrow 4 weeks after cessation of 
GM-CSF. The other nonresponder (patient 
15) developed a marked leukemic regrowth 
under GM-CSF (as described later). Six 
patients remained untreated by GM-CSF 
due to persistent bone marrow blasts after 
two induction courses (two patients) or 
after one course (four patients) with con
traindications against further chemothera
py. All six of these patients had newly 
diagnosed AML and were included in the 
calculation of response data in comparison 
with the controls. The control groups com
prised 56 sequential patients treated by the 
identical chemotherapy at the same situa
tions between 1985 and 1987 as parts of 
phase II and III studies of the AML Coo
perative Group [4, 34]. Patient characteris
tics in the GM-CSF and control groups are 
compared in Table 2. Table 3 shows the 
response data for the whole GM-CSF group 
in comparison with the control group. 

Adverse Events and Toxicity 

After chemotherapy all patients in the 
GM-CSF and control groups exhibited 
grade 4 neutropenia and thrombocytopenia 
according to ECOG toxicity criteria [35]. 
Nonhematological adverse events are listed 
in Tables 4 and 5. 
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The overall frequency of weight gain not 
specified for different grades was higher in 
patients with GM-CSF than in the controls 
(p = 0.007) while edema, effusions, and 
higher grade weight gain did not differ 
significantly. The GM-CSF group showed a 
higher overall frequency including all 
grades of decrease in serum protein (p = 

0.023), prothrombin (p = 0.016) and pseu
docholinesterase levels (p = 0.008) with no 
significant difference in higher grade defi
ciencies in the three parameters. In the 
controls, elevation of serum transaminases 
was more frequent overall (p = 0.0001) and 
in lower grade elevations. Controls showed 
more frequent cardiac events (p = 0.018), 

not significant within the different grades. 
There were more severe neurocortical 
events due to cerebral hemorrhage in the 
control groups. Infections overall were 
more frequent in patients after S-HAM 
chemotherapy in the control group (p = 

0.05). There were no other differences in 
adverse events between TAD9 and S-HAM 
chemotherapy. 

Hematologic Response 

The recovery time to achieve 500 blood 
neutrophils/mm' and 20000 platelets/mm' 
from start of GM-CSF is given in Table 6. 

Table 1. Patient characteristics and therapeutic outcome 

Patient Age Diagnosis Special History Outcome 

1 65 AML (Ml) 1st relapse ED 
2 44 AML (M4) 1st relapse ED 
3 61 AML (M2) 1st relapse Tumor AML regrowth, NR 

chemotherapy 
4 54 AML (MS) 1st relapse CR 
5 75 AML (M2) 1st relapse CR 
6 64 AML (M2) 1st relapse CR 
7 61 AML (M4) 2nd relapse CR 
8 34 AML (M2) 2nd relapse Auto BMT CR 
9 35 AML (MS) 2nd relapse Allo BMT NR (hypoplasia) 

10 27 AML (MI) 2nd relapse Auto BMT ED 
11 77 AML (M2) 1st relapse CR 
12 65 AML (MS) De novo ED 
13 77 AML (M2) De novo CR 
14 75 AML (M2) De novo CR 
15 70 AML (Ml) De novo AML regrowth, NR 
16 84 AML (M6) De novo CR 
17 75 AML (M3) De novo CR 
18 66 AML (M2) De novo NR (hypoplasia) 
19 83 AML (M2) De novo NR (hypoplasia) 
20 68 AML (Ml) De novo NR (hypoplasia) 
21 72 AML (M4) De novo CR 
22 69 AML (MS) De novo CR 
23 68 AML (Ml) De novo CR 
24 65 AML (M4) Secondary Tumor NR (hypoplasia) 

chemotherapy 
25 78 AML (MS) Secondary MDS AML regrowth, CR 
26 75 AML (MS) Secondary MDS ED 
27 67 AML (Ml) De novo CR 
28 67 AML (M2) De novo CR 
29 69 AML (MS) De novo CR 
30 73 AML (Ml) De novo NR (hypoplasia) 

auto, autologous; allo, allogeneic; BMT, bone marrow transplant; ED, early death; MDS, myelo
dysplastic syndrome; NR, nonresponder; CR, complete remission 
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Table 2. Patient characteristics 

No. of patients 
Age, median (range) 
FAB subtype 

Ml 
M2 
M3 
M4 
M5 
M6 
M7 
Hybrid AMLIALL 
Unknown 

Newly diagnosed AML, age 65+ 
Age, median (range) 
Prior tumor chemotherapy/radiotherapy 
AML after preleukemia 

Relapsed AML 
Age, median (range) 
Early 1st relapse (within 6 months) 
Late 1st relapse 
2nd relapse 
Prior tumor chemotherapylradiotherapy 
Prior BMT 
AML after preleukemia 
Hybrid AMLIALL 

GM-CSF group 

36" 
68 (27-84) 

7(19%) 
10 (28 %) 
1 ( 3%) 
4(11%) 

10 (28 %) 
1 ( 3 %) 
1 ( 3 %) 
2 ( 5 %) 
o 

25 
70 (65-84) 

1 
2 

11 
61 (27-77) 
6 
1 
4 
1 
3 
o 
2 

Controls 

56 
68 (19-80) 

10 (18%) 
19 (34%) 

1 ( 2 %) 
10 (18%) 
10(18%) 
3 ( 5%) 
o 
1 ( 2 %) 
1 ( 2 %) 

41 
70 (65-80) 

1 
3 

15 
46 (19-65) 

2 
6 
7 
1 
o 
3 
1 

0.038 

a Including six patients not receiving GM-CSF with persistence of blasts in bone marrow after 
chemotherapy 

b Fisher exact test 
BMT, bone marrow transplant 

Table 3. Therapeutic response to induction 

No. of patients 

Complete remissions 
In newly diagnosed AML 
In relapsed AML 

Early deaths (within 6 weeks) 
In newly diagnosed AML 
In relapsed AML 

Later hypoplastic deaths 
In newly diagnosed AML 
In relapsed AML 

Definite nonresponse 
In newly diagnosed AML 
In relapsed AML 

GM-CSF group 

36" (%) 

18/36 (50) 
11125 (44) 
7/11 (64) 
5/36 (14) 
3/25 (12) 
2/11 (18) 
7/36 (19) 
6/25 (24) 
1111 ( 9) 
6/36 (17) 
5/25 (20) 
1111 ( 9) 

Controls 

56 

18/56 
12/41 
6/15 

22/56 
18/41 
4/15 
7/56 
6/41 
1/15 
9/56 
5/41 
4/15 

(%) 

(32) 
(29) 
(40) 
(39) 
(44) 
(27) 
(13) 
(15) 
( 7) 
(16) 
(12) 
(26) 

0.09 

0.009 
0.007 

a Including six patients not receiving GM-CSF due to persistence of blasts in bone marrow after 
chemotherapy 

b Chi-squared test 
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Table 4. Nonhematological adverse events exhibited by all patients in the GM-CSFand control groups 
following chemotherapy in high-risk AML. All grades (ECOG or accordingly) 

GM-CSF (%) Controls (%) p 

Fever 
Documented infections 
Effusions 
Edema 
Weight gain 
Cardiac 
Serum-bilirubin elevation 
GOT/GPT elevation 
PCHE decrease 
Protein decrease 
Prothrombin time prolongation 
Neurocortical 

100 
72 
29 
16 
35 
21 
48 
24 
64 
92 
88 
21 

98 
84 
25 
13 
9 

49 
65 
77 
27 
68 
60 
26 

0.007 
0.018 

0.0001 
0.008 
0.023 
0.016 

GOT, aspartate aminotransferase; GPT, glutamine pyruvic transaminase; PCHE, pseudocholines
terase 

Table 5. Nonhematological adverse events exhibited by all patients in the GM-CSG and control 
groups following chemotherapy in high-risk AML. Higher grades (ECOG or accordingly) 

Grade GM-CSF (%) Controls (%) p 

Fever 3-4 28 38 
Weight gain 2-3 12 2 
Cardiac 4-5 14 21 
Serum-bilirubin elevation 3-4 40 40 
GOT/GPT elevation 3-4 4 10 
PCHE decrease <750 U/l 16 4 
Protein decrease <4.0 g/dl 8 2 
Prothrombin time prolongation 4 4 2 
Neurocortical 4 0 16 0.025 

GOT, aspartate aminotransferase; GTP, glutamine pyruvine transaminase; PCHE, pseudocholi
nesterase; U, units 

Neutrophil recovery time after GM-CSF is 
compared to that in the control group in 
Figs. 2 and 3 for the two chemotherapeutic 
regimens used. The medians are 10 vs 16 
days (p = 0.009) after TAD9 and 15 vs 24 
days (p = 0.043) after S-HAM. Median 
recovery time of platelets to 20000/mm' 
after TAD9 was 15 days in the GM-CSF 
group and 11 days in the controls (p = 

0.28). After S-HAM corresponding me
dians were 16 vs 20 days (p = 0.64). Platelet 
recovery time to 50000 equally failed to 
show a significant effect of GM-CSF after 
TAD9 (p = 0.75) or S-HAM (p = 0.55). 
There was no difference in neutrophil or 
platelet recovery time according to the two 
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different randomized doses of daunorubicin 
and ara-C. Table 6 also shows increases in 
blood eosinophils, monocytes and lympho
cytes under GM-CSF. All multilineage res
ponses were found to be rapidly reversi
ble. 

Respone of Infections 

After recovery of neutrophils under GM
CSF to at least 500 mm' temperature 
returned to normal within 2 days in 41 % of 
patients and within 7 days in 73 % of 
patients. Other signs of infections res
ponded in two-thirds of the patients and 
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Table 6. Response to GM-CSF in peripheral blood cells counts 

Patient Days from Days from 
GM-CSF start GM-CSF start 
to 500 neutro- to 20000 plate-
phils/mm3 lets/mm' 

1 14 13 
2 21 29+ 
3 14 2 
4 11+ 13+ 
5 15 27 
6 12 16 
7 10 0 
8 32 13 
9 26 90+ 

10 19+ 19+ 
11 6 
12 5+ 5+ 
13 8 0 
14 7 5 
15 11 0 
16 10 5 
17 9 51 
18 6 14+ 
19 20+ 20+ 
20 26+ 26+ 
21 12 0 
22 15 7 
23 10 20 
24 19 70 
25 10 15 
26 11 13+ 
27 8 8 
28 16 17 
29 8 0 
30 9 21+ 

persisted longer in some fungal infections. 
This pattern of response was similar to that 
in the control group after recovery of neu
trophils. 

Leukemic Regrowth 

Two patients under GM-CSF showed a 
marked regrowth of their blood blasts. In 
patient 15 this was associated with monocy
tosis. As shown in Fig. 4, monocytosis was 
rapidly reversible after cessation of GM
CSF whereas the blasts uneffectedly contin
ued to increase. This patient died in pro
gression of her AML. In patient 25 suffering 
from an AML M5 there was an increase of 
blood monocytes and promonocytes up to 
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Response of other white blood cells 
(maximum counts/mm3) 
Eosinophils Monocytes Lymphocytes 

1450 

2725 

1600 2838 

5694 

1200 2682 3843 

2544 
3315 

2065 
1176 

4320 

8160 

11600/mm3 under GM-CSF (Fig. 5). The 
bone marrow became highly hypercellular 
and infiltrated by 95 % immature and 
mature monocytic cells. Pretherapeutically, 
no Auer rods, DNA aneuploidy or cytogen
etic markers were present in this case. After 
GM-CSF cessation the leukemic regrowth 
reversed. The patient went into CR and is 
still free from relapse after 2 years without 
any further treatment. 

Remission Duration 

Remission duration after GM-CSF is shown 
in Figs. 6 and 7 and compared to that in the 
controls. Remission duration after GM
CSF in the patients treated for relapse 
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Fig. 4. Absolute counts of different white blood cells in patient 15 with AML Ml during TAD9 
chemotherapy followed by GM-CSF. After cessation of GM-CSF, monocytosis is reversible while 
regrowth of leukemic blasts continues unaffectedly 
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compared to the duration of the preceding 
remissions shows no difference in the 
medians. In aptients 7 and 8 the duration of 
the new remissions is 27+ and 26+ months 
vs 8 and 13 months previously (Fig. 8). 

DNA Aneuploidy 

Cellular data on bone marrow DNA aneu
ploidy and leukemic colony growth are 
shown in Table 7. A hyperdiploid cell pop
ulation was found in five out of 22 patients. 
It disappeared after chemotherapy in three 
out of four cases. It persisted and disap
peared only after GM-CSF in one 
patient. 

Leukemic Colony Growth 

A pretherapeutic leukemic colony growth 
was found in 13/18 patients (Table 7). It was 
spontaneous in ten patients of whom six 
went into CR and one (patient 25) showed a 
leukemic regrowth. Leukemic colony 
growth was stimulated by GM-CSF in vitro 
in seven cases, six of whom went into CR, 
one after a reversible leukemic regrowth 

(patient 25). A persistence of leukemic 
colony growth after chemotherapy was 
found in two out of 19 patients and was 
associated with nonresponse (patients 3 and 
25). 

Discussion 

The results of this clinical study in patients 
with AML at high risk of early death 
provide good evidence that GM-CSF was of 
therapeutic benefit for the patients. This is 
reflected by the 60 % CRs after GM-CSF 
with a comparatively low early death rate of 
10 % . The median age of responders was as 
high as 69 years ranging up to 84 years. Even 
when including the six patients with persis
tent blasts who did not receive growth 
factor the GM-CSF group compares favor
ably with the historical control group by its 
CR rate of 50 % vs 32 % and an early death 
rate of 14 % vs 39 %. This effect is more 
pronounced in newly diagnosed AMLs over 
the age of 65 years than in the relapses 
where the GM-CSF group, however, 
included three prior bone marrow trans
plantations and more early relapses. 
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Table 7. Bone marrow DNA aneuploidy and leukemic colony growth during course of treatment in 
patients receiving GM-CSF 

Patient 

Before 
therapy 

1 1.0 
2 
3 
4 1.0 
5 1.0 
6 1.0 
7 1.11 
8 
9 1.0 

10 
11 1.0 
12 1.0 
13 1.25 
14 
15 1.0 
16 1.0 
17 1.0 
18 1.0 
19 1.0 
20 1.0 
21 
22 1.0 
23 1.18 
24 
25 1.0 
26 1.0 
27 
28 1.0 
29 1.08 
30 1.11 

DNA Index 

After Chemo- After 
therapy GM-CSF 

1.0 

1.0 
1.0 

1.0 
1.0 
1.19 

1.0 
1.0 
1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1.0 
1.0 
1.0 

1.0 

1.0 
1.0 

CFU-L, leukemic colony forming units 

The reduction in the early death rate 
mainly accounts for the improved response 
rate and is explained by a marked acceler
ation of the recovery from critical neutro
penia. The median neutrophil recovery time 
was reduced by about 1 week after both the 
TAD9 and the more intensive S-HAM 
induction regimen. After recovery of neu
trophils under GM-CSF to SOO/mm" signs 
of documented infections or fever of uni
dentified origin reversed immediately or 
within a few days in most patients. We 
conclude that by reducing the phase of risk 
more patients survive their infections. 

Estey et al. [41] recently reported that 
GM-CSF failed either to improve response 
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CFU-L without/with GM-CSF in vitro 

Before 
therapy 

After Chemo- After 
therapy GM-CSF 

113 (x 3) 

10/4 
10/24 (x 2.4) 010 

67170 010 
15/35 (x 2.3) 

16/16 

1119 (x 19) 

010 

2/4 (x 2) 
60151 

717 

010 

010 
010 

10 

010 
010 
010 

010 
10 
10 

14/4 010 
011 010 
011 011 
4/26 (x 6.5) 4/4 
010 011 

0111 (x 11) 010 
27/35 010 

010 

010 

010 

010 
010 

010 
010 

010 
010 

10/10 

010 
010 

rates or to accelerate neutrophil recovery in 
12 patients with poor-prognosis newly diag
nosed AML. This discrepancy in compari
son to our results may be due to a lower 
daily dose of 120 fJ.g/m2 GM-CSF in the 
Houston study versus 2S0 fJ.g/m2 in our 
study. When using this higher dose but 
interrupting GM-CSF for 1 week in most 
patients the median neutrophil recovery 
time was reduced by 3.S days when com
pared to controls, but differences in thera
peutic outcome are not reported [4S]. 

GM-CSF was generally well tolerated. 
The same adverse events occurring in the 
GM-CSFgroup, e.g., cardiac events, eleva
tion of serum transaminases, and severe 



neurocortical events, were also observed in 
the controls, mostly at similar incidence or 
even more frequently. In the GM-CSF 
group the overall incidence of weight gain, 
hypoproteinemia, and prolongation of pro
thrombin time was increased but the differ
ence was not significant for higher grade 
events. Together with the decrease of the 
pseudocholinesterase levels the three 
changes similarly reported by others [45] 
may reflect an impaired synthetic function 
of the liver. Those non-life-threatening 
events were reversible in part while GM
CSF was continued. Unlike others [45] we 
observed similar changes in the controls. 
Fever reactions were mostly explained as 
infectious and probably not GM-CSF
related [42]. No typical first-dose effect of 
GM-CSF as characterized by flushing, 
tachycardia, hypotension, musculoskeletal 
pain and dyspnea [43] was observed in our 
patients. 

In addition to the response in neutrophil 
recovery 20 % of patients showed an 
increase in blood eosinophils and mono
cytes under GM-CSF. All multiline age res
ponses were found to be rapidly reversible 
after discontinuation of GM-CSF. 

This study also provides data on the risk 
of stimulating the progress of AML by 
GM-CSF. We observed a marked leukemic 
regrowth under GM-CSF in two instances. 
In patient 15 the regrowth appeared to be 
unrelated to GM-CSF since it was unaf
fected in its kinetics by the cessation of 
infusion, while an additional monocytosis in 
this patient typically reversed rapidly. One 
could argue that GM-CSF in this case only 
triggered the regrowth by recruiting dor
mant leukemic stem cells into the cell cycle 
while not affecting proliferation. In the in 
vitro studies, however, an increase of colo
ny numbers in the presence of GM-CSF 
occurred with an increase of colony size [27, 
30] and a selective recruitment effect has 
not been reported. In patient 25 the leu
kemic regrowth was clearly related to GM
CSF, as indicated by its reversibility. In this 
AML M5 specific leukemic cell markers 
were not present. However, the selective 
increase of promonocytes and monocytes in 
blood up to 11600/mm3 and the 95 % 
infiltration and hypercellularity of the bone 
marrow by the corresponding type of cells 

strongly suggest their leukemic nature. Aft
er cessation of GM-CSF and disappearance 
of her leukemic regrowth the 78-year-old 
patient has remained in continuous remis
sion for now 2 years without further treat
ment. 

These data suggest that there is only a low 
risk of activating minimal residual disease 
by GM-CSF leading to regrowth or early 
relapse. Indeed, remission duration after 
GM -CSF so far appears similar to that in the 
controls, and shows at least no increase in 
early relapses. 

As shown in patient 13 a residual leu
kemic cell population marked by a DNA 
aneuploidy may persist after chemotherapy 
and disappear even after GM-CSF not 
followed by an early relapse. Furthermore, 
it is remarkable that two of seven respon
ders treated for relapse have been achieving 
a remission duration after GM-CSF twice 
and three times that in the preceding re
mission (patients 7 and 8). 

Confirming numerous data obtained 
from in vitro experiments [25-32] we found 
that in eight of 17 patients investigated 
leukemic colony growth (CFU-L) was sti
mulated by GM-CSF in vitro [44]. In the in 
vivo situation, however, only two patients 
developed a marked leukemic regrowth 
under the infusion of GM-CSF. Six patients 
went into CR with one early relapse and two 
long-term remissions. Thus, progenitor 
cells stimulated by GM-CSF in vitro may 
not be representative for the cells producing 
disease progression in the patient. 

In conclusion, GM-CSF given in aplasia 
after chemotherapy to patients with AML 
at high risk of early death seems to improve 
their therapeutic outcome by accelerating 
the recovery of neutrophils. Adverse effects 
like stimulating disease progression are less 
important than expected from in vitro data. 
The data provide a basis for larger con
trolled trials that are highly warranted. 

Summary 

In order to reduce critical neutropenia after 
chemotherapy for AML, we gave recombi
nant human granulocyte-macrophage colo
ny-stimulating factor (GM-CSF) to patients 
over the age of 65 years with newly diag-
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nosed AML and to patients with early or 
second relapse. Chemotherapy was 9-day 
6-thioguanine, ara-C, and daunorubicin 
(TAD9) in newly diagnosed AML and 
sequential high-dose ara-C and mitoxan
trone (S-HAM) for relapse. In patients 
whose bone marrow was free from blasts a 
continuous i.v. infusion of GM-CSF , 250 
!-lmlm2 day, started on day 4 after chemo
therapy. Of the 36 patients who entered the 
study, 30 received GM-CSF. For compari
son, a historical control group of 56 patients 
was used. CR rate was 50 % (18/36) vs 32 % 
in controls (p = .09), and early death rate 
was 14 % vs 39 % (p = .009). Treatment 
with GM-CSF was not associated with 
major adverse events. Two patients showed 
a marked leukemic regrowth which was 
completely reversible in one patient and 
appeared GM-CSF-independent in the oth
er patient. Remission duration seems not 
reduced after GM-CSF. Under GM-CSF 
the blood neutrophils recovered 6 and 9 
days earlier in the TAD9 (p = 0.009) and 
S-HAM (p = .043) groups leading to a rapid 
clearance of infections in most patients. We 
conclude that GM-CSF was of therapeutic 
benefit to our patients which provides a 
basis for larger controlled trials. 
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Use of Granulocyte-Macrophage Colony-Stimulating Factor Prior 
to Chemotherapy of Newly Diagnosed AML 

E. Estey, H. Kantarjian, S. O'Brien, M. Beran, K. McCredie, C. Koller, 1. Schachner, 
and M. Keating 

Introduction 

A body of in vitro evidence suggests that use 
of granulocyte-macrophage colony-stimu
lating factor (GM-CSF) might increase the 
in vivo sensitivity of leukemic myeloblasts 
to daunorubicin-cytosine arabinoside (ara
C) chemotherapy [1-4]. If so, administra
tion of GM-CSF prior to and during admin
istration of daunorubicin/ara-C might over
come the resistance to therapy that is 
characteristic of acute myeloid leukemia 
(AML). This resistance is most obvious in 
patients with abnormalities of chromos
omes 5,7, (-5, -7, 5q-, 7q-) who frequent
ly fail even to enter initial complete remis
sion (CR), but it is also a major problem in 
patients with other aneuploidies (except 
INV(16), t (15; 17), or t (8; 21», or with a 
normal karyotype or insufficient meta
phases for analysis [5].While the majority of 
these patients enter CR, their remissions 
rarely last more than 2 years. 

In this study we administered GM -CSF to 
58 patients with newly diagnosed AML (55 
patients) or refractory anemia with excess 
of blasts (RAEB) or RAEB in transforma
tion (RAEB-t) (three patients) prior to and 
during daunorubicin/ara-C chemotherapy. 
Our data fail to suggest that such use of 
GM-CSF decreases the early resistance rate 
in patients with those karyotypes associated 
with resistance as described above. 

Department of Hematology, University of Texas 
M. D. Anderson Cancer Center, Houston, 
Texas 

Patients and Methods 

The median age of the 58 patients was 44 
years (range 18-85). Patients with promyel
ocytic leukemia were ineligible. Only six of 
the patients had karyotypes associated with 
a high likelihood of entering CR (INV(16) 
or t(8; 21». Twenty one patients had a 
normal karyotype; such is associated with 
an "average" probability of entering CR. 
The remaining 31 patients (53 %) had prog
nostically unfavorable karyotypes: ten pa
tients had abnormalities of chromosomes 5 
or 7 (-5, -7, 5q-, or 7q-) , two patients had 
+8, ten had other aneuploidies, and nine 
had insufficient metaphases for analysis. 
Twenty five patients had a preleukemic 
phase, i.e., a documented abnormality in 
blood count for 2: 1 month prior to diagno
sis of AML. Only 28 patients (48 %) met 
Eastern Cooperative Ecology Group 
(ECOG) criteria [6] for entry to protocol 
for treatment of newly diagnosed AML: 
age < 65 years, de novo AML, no preleu
kemic phase, and adequate liver and kidney 
function. 

Patients received GM-CSF (the recombi
nant human nonglycosylated product ex
pressed in E. Coli and supplied by Schering
Plough Corp), 125 flg/m2 by daily s.c. 
administration until the circulating blast 
count reached 50000 or for 4 (later 
patients) - 7 (initial patients) days, whi
chever came first. Immediately thereafter 
patients began daunorubicin 45 mg/m2 day 
for 3 days and ara-C 1.5 g/m2 day by 
continuous infusion for 4 days (HDAC). 
GM-CSF continued until chemotherapy 
was completed. Patients who were not in 
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CR (a morphologically normal marrow with 
< 5 % blasts, a platelet count> 100000, 
and a neutrophil count> 1000) after receiv
ing two courses were changed to alternative 
treatments. 

Results in patients receiving GM-CSF 
prior to chemotherapy were compared with 
those in patients receiving HDAC ± amsa
crine (75 mg/m2 day for 4 days) or mitoxan
trone (7.5 mg/m2 day for 4 days) but without 
GM-CSF during our two most recent trials 
in newly diagnosed AML. Since patients 
with acute promyelocytic leukemia (APL) 
were ineligible for the GM-CSF study, 
patients with APL given HDAC ± amsa
crine or mitoxantrone were excluded from 
the comparisons. Expectations for attain
ing CR and for surviving the initial 28 days 
after beginning chemotherapy in each treat
ment group (historical or GM-CSF) were 
based on published logistic regression mod
els relating probability of CR or 28 days 
survival following therapy with convention
al dose ara-C (100 mg/m2 day for 7 days by 
continuous infusion) + amsacrine (AM
SAOAP) or Adriamycin (ADOAP) to var
ious prognostic factors [7, 8]. 

Results 

Of the 58 patients 31 entered CR (53 %). 
Based on the predictive model mentioned 
above, 34 of the patients would have been 
expected to enter CR had they received 
ADOAP or AMSAOAP. Of the 27 patients 
who did not enter CR, 14 died (compared to 
an expected nine) within 28 days of begin
ning chemotherapy. The remaining 13 
patients survived at least 29 days but failed 
to enter CR and were considered "resis-

tant". Of these, 12 received two courses of 
therapy and none died in aplasia. 

Table 1 compares results in patients given 
GM-CSF prior to daunorubicin + HDAC 
with those treated with similar chemother
apy (HDAC ± amsacrine or mitoxantrone) 
without GM-CSF. The number of deaths 
within 28 days of beginning chemotherapy 
divided by the number expected following 
ADOAP or AMSAOAP was between one 
and two, following either GM-CSF/dauno
rubicin + HDAC, HDAC alone, or amsa
crine (or mitoxantrone )/HDAC. However, 
while the ratio of observed to expected CRs 
was 1.1: 1 following the no GM-CSF 
regimes the ratio was 0.9: 1 (31: 34) follow
ing GM-CSF/daunorubicin + HDAC. This 
reflects a higher rate of resistance (defined 
above) in patients given GM-CSF prior to 
chemotherapy. This rate was 22 % in the 
GM-CSF/daunorubicin + HDAC group, 
14 % in the amsacrine (or mitoxantrone) + 
HDAC group, and 13 % in the HDAC 
group. 

Table 2 examines the ratio of CR to 
resistant by cytogenetic group for patients 
receiving chemotherapy with or without 
preceding GM-CSF. Of the four patients 
with chromosome 5 or 7 abnormalities 
entering CR after GM -CSF/daunorubicin + 
HDAC, one relapsed within 4 months and 
entered a second CR after receiving dauno
rubicin + HDAC without GM-CSF, one 
died in CR 1 month after entering CR, and 
the other two remained in CR for < 2 
months. Given this data and the data 
provided in Table 2 there seems to be no 
indication that GM-CSF will decrease the 
resistance rate in patients with prognosti
cally "unfavorable" or "average" karyo
types. 

Table 1. Comparison between GM-CSF + chemotherapy study and previous studies (chemotherapy, 
no GM-CSF) 

Patients 
CR (CR expected) 
Deaths within 28 days (expected) 
Survived ~ 29 days but no CR 
(resistant) 

98 

GM-CSF + dauno
rubicin + HDAC 

58 
31 (34) 
14 (9) 
13 

Amsacrine (or mitox- HDAC 
antrone) + HDAC 

73 
55 (48) 
8 (4) 

10 

115 
73 (66) 
27 (18) 
15 



Table 2. The ratio of CR to resistant patients by cytogenetic group 

Group GM + daunorubicin + HDAC HDAC or amsacrine + HDAC or 
mitoxantrone + HDAC 

-5/-7 
+8 
Miscellaneous 
Insufficient 
Normal 
Total 

4:2 
0:1 
8:2 
1:2 
13:5 
26: 12 

GM-CSF was in general well tolerated. 
The median time to attaining 1000 neutro
phils in patients entering CR was 24 days 
after the start of chemotherapy in patients 
receiving GM-CSF/daunorubicin + HDAC 
vs 27 days in patients receiving amsacrine 
(or mitoxantrone) + HDAC and 26 days in 
patients receiving HDAC. The median time 
to a platelet count of 100 000 was 22,24, and 
23 days in the three groups respectively. 

Discussion 

Our results suggest that use of GM-CSF 
prior to and during daunorubicin + HDAC 
chemotherapy will not decrease the resis
tance rate in AML. Two important qualify
ing statements must be made. First, remis
sion duration is as yet indeterminate in most 
patients; and second, the great majority of 
our patients had prognostically average or 
unfavorable karyotypes. It remains possible 
that the appropriate patients to receive 
GM-CSF prior to daunorubicin + HDAC 
are those with prognostically favorable 
karyotypes (INV(16) or t(8; 21)), i.e., those 
who are already relatively sensitive to che
motherapy but still have a relatively low 
cure rate. However, at least in patients with 
prognostically unfavorable or average ka
ryotypes it can be calculated that given the 
resistance rate observed to date (12/38, 
Table 2) it is mathematically impossible to 
reduce the resistance rate from its historical 
17 % (20/117, Table 2) to 10 %. Under these 
circumstances we have decided to close the 
study. 

Summary 

7:7 
7:0 
25:4 
12:2 
46:7 
97:20 

We gave 58 patients with newly diagnosed 
AML (55 patients) or RAEB or RAEB-t 
(three patients) GM-CSF 125 Ilg/m2 until 
the circulating blast count reached 50 000 or 
for 4-7 days, whichever came first, followed 
by daunorubicin 45 mg/m2 day x 3 and 
ara-C 1.5 g/m2 day x 4 CI. (continuous 
infusion). GM-CSF continued until chemo
therapy was completed. Of the 58 patients, 
31 entered CR, 14 died within 28 days of 
beginning chemotherapy, and 13 survived> 
29 days but never entered CR, being 
regarded as "resistant". Twelve of these 13 
received two courses of chemotherapy and 
none died in aplasia. When the ratio of CR 
to resistant was compared in patients with 
prognostically unfavorable or prognostical
ly average karyotypes receiving GM
CSF/daunorubicin + ara-C with the ratio in 
prognostic ally similar patients given similar 
chemotherapy without GM-CSF, there was 
no indication that use of GM-CSF was likely 
to decrease the resistant rate. 
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G-CSF after Intensive Induction Chemotherapy in Refractory 
Acute Leukemia and Bone Marrow Transplantation in Myeloid 
Leukemia 

R. Ohnol, T. Masaoka2, S. Asan03 , and F. Takaku4 

Introduction 

Acute leukemia has become a curable dis
ease, although intensive therapy is required 
to obtain a cure [1, 2]. Therefore, a high 
degree of myelosuppression and resultant 
infectious complication are the major 
obstacles in its treatment. 

Colony-stimulating factors (CSFs) are 
expected to be useful in the recovery from 
severe neutropenia after intensive therapy 
[3,4]. However, clinical application of CSFs 
in leukemia has been controversial because 
they stimulate leukemia colonies as well as 
normal colonies in vitro [5, 6]. Additionally, 
there is some skepticism that CSFs may be 
ineffective when normal stem cells are 
severely damaged by highly intensive che
motherapy. 

Therefore, in order to clarify these issues, 
we conducted a prospective randomized 
study of granulocyte CSF (G-CSF) after a 
remission induction therapy in refractory 
acute leukemia [7]. In addition, in order to 
assess a possible stimulation of myeloid 
leukemia cells by G-CSF, remission dura
tion and diesease-free survival of patients 
with myeloid leukemia were analyzed in 
two double-blind controlled studies of G
CSF after bone marrow transplantation 
(BMT) [8, 9]. 

1 Department of Medicine, Nagoya University 
Branch Hospital, Nagoya, Japan 
2 Department of Medicine, Osaka Adult Disease 
Center, Osaka, Japan 
3 Department of Medicine, Tokyo University 
Institute of Medical Science, Tokyo, Japan 
4 National Medical Center, Tokyo, Japan 

Patinets and Methods 

Adult patients with relapsed or refractory 
acute leukemia were entered from 41 insti
tutions to the study after the remission 
induction therapy. In addition to acute 
myeloid leukemia (AML) or acute lympho
blastic leukemia (ALL), which had become 
refractory to conventional chemotherapy, 
chronic myeloid leukemia (CML) in blast 
crisis and acute leukemia derived from 
proven myelodysplastic syndromes (MDS) 
were regarded as refractory cases. Patients 
received one course of a response-oriented 
individualized induction therapy, which 
consisted of mitoxantrone, 5 mg/m2 from 
day 1 to 3, etoposide, 80 mg/m2 from day 1 
to 5, and behenoyl cytosine arabinoside, 
170 mg/m2 daily for 8 to 12 days. Bone 
marrow aspiration was carned out on day 8, 
and if the marrow was not hypoplastic, 
additional mitoxantrone was given on day 
8. Marrow aspiration was repeated on day 
10 and occassionally on day 12, and addi
tional mitoxantrone was given if the mar
row was not hypoplastic. Therapy was stop
ped when marrows became severely hypo
plastic. Then they were randomized accord
ing to age, type, and stage of leukemia. 

Patients allocated to CSF received 
recombinant human G-CSF (rhG-CSF) 
(Kirin/Sankyo) 200 f,tg/m2 daily by 30-min 
i. v. infusion, starting 2 days after the last 
day of induction therapy, until peripheral 
neutrophils exceeded 1500/mm3• Then the 
dose was tapered to 100 and 50 f,tg, and 
finally discontinued if neutrophils stayed 
over 1500/mm3• Care was taken to avoid 
unnecessary stimulation of neutrophil pro-
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duction, and not to give G-CSF when too 
many leukemia blasts remained in the bone 
marrow. In vitro assay of leukemia colony
forming units was encouraged. 

In double-blind controlled studies of G
CSF after MBF, two studies were conducted 
using two kinds of rhG-CSFs; one produced 
in E. coli /KiriniSankyo) and the other in 
Chinese hamster cells (Chugai). In the 
KiriniSankyo study, 300 f,lg/m2 G-CSF was 
given i. v. for 2 weeks from day 5 to 18 after 
BMT [8], and in Chugai's study, 5 f,lg/kg was 
giveni. v. for 3 weeks (day 1-21) [9]. Among 
patients registered to these two studies, 
only patients with myeloid leukemia were 
analyzed. 

Results and Discussion 

After chemotherapy 108 patients were 
registered for the prospective randomized 
study. Eligibility and evaluability of each 
case were judged by an evaluation commit
tee, before information on the randomiza
tion and the outcome of each case was 
disclosed. There were several reasons for 
the exclusion from further evaluation: one 
patient was erroneously registered twice; 

Table 1. Characteristics of patients 

Evaluable cases 
Age 
Sex 

Male 
Female 

Type 
AML 
ALL 
CML-BC 
MDS-AL 

Stage 
Primary refractory 
Relapsed 

. Relapsed and refractory 
Untreated 

Drug dose (mg/m2) 
Mitoxantrone 
Etoposide 
BRAC 

ns, not significant 
amean ± standard deviation, p<0.05 
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one with CML in blast crisis did not receive 
the assigned G-CSF because his leukemia 
cells had responded to G-CSF in in vitro 
leukemia colony assay; two had hypercellu
lar marrow; one received aclarubicin 
instead of mitoxantrone; one received four 
doses of therapeutic intrathecal methotrex
ate due to meningeal leukemia; and four 
were already in complete remission (CR) 
before the study. 

Forty-eight patients in the G-CSF group 
and 50 in the control group were evaluable. 
There was no statistical difference in age, 
sex, type, and stage of leukemia. However, 
the G-CSF group was found to have been 
given slightly more antileukemia drugs in 
the induction therapy (Table 1). 

Figure 1 shows the day when neutrophils 
recovered to over 500/mm3• X-axis repre
sents the day of recovery, and Y-axis repre
sents the cumulative percentage of patients 
whose neutrophils exceeded 500. The neu
trophil recovery was significantly faster in 
the G-CSF group. The median was 20 days 
for the G-CSF and 28 days for the control. 
The difference was significant even when 
they were compared in all registered 
patients including ten patients who had 
been excluded. The neutrophil recovery to 

G-CSF 

48 
39 ± 14 

25 
23 

30 
12 
4 
2 

9 
25 
12 
2 

20.5 ± 6.0a 

448 ± 72a 

1785 ± 442a 

Control 

50 
42 ± 13 ns 

27 ns 
23 

31 
15 ns 
4 
o 

8 
25 ns 
13 
2 

17.5 ± 4.5a 

408 ± 56a 

1581 ± 425a 
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Fig. 1. Recovery of neutrophils to over SOO/mm' after induction therapy. X-axis represets the day after 
the end of chemotherapy, and Y-axis the cumulative percent age of patients whose neutrophil counts 
came to exceed SOO/mm3 

over 1000 neutrophils/mm3 was also signifi
cantly faster in the G-CSF. The median was 
22 days for teh G-CSF and 34 days for the 
control. 

No significant increase of lymphocytes, 
monocytes and eosinophils was noted. 
There was no difference in the recovery of 
platelets to over 100000/mm3 between the 
two groups. This indicated that the degree 
of myelosuppression was almost the same in 
spite of the fact that the G-CSF group 
received more drugs in the induction ther
apy. 

Twenty-one of 48 patients in the G-CSF 
group and 17 of 50 in the control already 
had febrile episodes before the randomiza
tion (Table 2). Twenty-three of the remain
ing 27 in the G-CSF group and 32 of 33 in the 
control developed fever after the randomi
zation. The total febrile days were fewer in 
the G-CSF, but not significantly. Mean days 
were 5.7±7.0 versus 6.5±4,4, and median 
days were 3 (range 0-31) versus 7 (0-14). 
Two patients in the G-CSF group had fever 
for 22 and 31 days without any documented 
infection, even after their neutrophils 
recovered to over l000/mm3• If these two 

patients were excluded, the mean febrile 
day of the former was 4.0±3.7, and the 
difference became significant (p=0.0272). 
Documented infections such as septicemia 
and pneumonia were significantly less fre
quent in the G-CSF group after the end of 
induction therapy. They were observed in 
five cases of the G-CSF and in 15 of the 
control (p=0.028) (Table 2). 

The toxicities of G-CSF were mild. Only 
two patients complained of bone pain, and 
one nausea and vomiting. Abnormalities of 
blood chemistry included mild elevation of 
serum alkaline phosphatase (less than twice 
normal) in two patients and of serum GPT 
(less than twice normal) in one. 

The regrowth of leukemia blasts was 
compared by examining the bone marrow 
21 to 40 days after the end of induction 
therapy. As shown in Fig. 2, there was no 
difference between the two groups in the 
regrowth of blasts. In the G-CSF, the mean 
blasts were 56 % before the chemotherapy 
and 11 % after it, while in the control group, 
they were 44 % before the chemotherapy 
and 14 % after it. Regrowth rate was rather 
smaller in the G-CSF, but the difference was 
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Table 2. Febrile episodes and documented infections after the randomization 

Afebrile before randomization 
Became febrile 
Stayed afebrile 
Documented infections 

Septicemia 
Pneumonia 
Septicemia + pneumonia 
Perianal abscess 
Cellulitis 
Gingivitis/Pharyngitis 
Cystitis 

Fever of unknown origin 

Total febrile days median (range) deviation 
mean ± standard 

G-CSF 

27 
23 

4 
5* 
3 
1 
o 
1 
o 
o 
o 

18 

3 (O~31) 
5.7 ± 7.0 
4.4 ± 3.7** 

Control 

33 
32 

1 
15* 
6 
4 
1 
o 
1 
2 
1 

17 

7 (O~14) 
6.5 ± 4.4 

* P=O.028 ** P=O.0272 when two cases with fever for 22 and 31 days in spite of neutrophil recov
ery were omitted. 
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Fig. 2. Leukemia blasts in bone marrows before induction therapy and 21 to 40 days after the end of 
therapy. The highest values were chosen if there were multiple bone marrow samples in single 
patients 

not significant. Since ALL cells are not 
stimulated by G-CSF, the regrowth of leu
kemia blasts was compared in the sub
groups excluding ALL. However, there was 
alos no significant difference. 
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In the G-CSF group 50 % of patients 
obtained CR, while 36 % of the control 
achieved it (Table 3). Although the remis
sion rate was higher in the G-CSF, the 
difference was not significant (p=0.162). 



Table 3. Result of remission induction therapy 

Group 
Type 

No. of cases No. of CR % 

G-CSF 
AML 
ALL 
CML-BC 
MDS-AL 
Total 

Control 
AML 
ALL 
CML-BC 
Total 

30 
12 
4 
2 

48 

31 
15 
4 

50 

17 (57) 
7 (58) 
0 ( 0) 
0 ( 0) 

24 (50) 

12 (39) 
6 (40) 
0 ( 0) 

Iii (36) 

CR, complete remission; AML, acute myeloid leukcmia; ALL, acute lymphoblastic leukemia; 
CML, chronic myeloid leukemia; MDS, myelodysplastic syndrome 

Since no CR was obtained in CML and 
myelodysplastic syndromes (MDS) in blast 
crisis, CR rates of AML and ALL were 
57 % and 58 %, respectively, in the G-CSF, 
and 39 % and 40 % in the control. The 
remission rates in the G-CSF group were 
very good for relapsed or refractory acute 
leukemia. 

Figure 3 shows the Kaplan-Meier curve 
of the remission duration in patients who 
had obtained remission at he median fol
low-up of 22 months. There was no differ
ence between two groups (p=0.8975 by 
generalized Wilcoxon test). The curves are 
almost the same when only AML is ana
lyzed. Since the G-CSF group had higher 
remission rate, and the relapse rates were 
almost the same, the G-CSF group tended 

100 
r::: 
0 

80 ·Vi 
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·E 
60 Q) 

a: 
r::: 40 
c 
Q) 
~ 20 
Q) 

c... 

to have better event-free survival 
(p=0.1237). 

Although this randomized study after the 
inten~jve induction chemotherapy indicates 
that G-CSF is beneficial, and probably is 
used safely even in myeloid leukemia, we 
need more information to confirm this 
inportant issue. 

There were two double-blind controlled 
studies in Japan in which different recombi
nant G-CSF from two companies were 
tested for their efficacy after BMT [8, 9]. 
Since these studies were not designed spe
cifically to answer the above question, 
lymphoid and myeloid leukemia as well as 
aplastic anemia were included, and because 
the number of myeloid leukemias was not 
large enough to analyze the issue separately 

g.wilcoxon p=O.8975 

, 
L_~ 

I -, 
.1 G·CSF (n=24) 

L, 
1-------------1 

Control (n=17) L. 

Fig. 3. Kaplan-Meier curve of pro
bability in remission after chemo
therapy 

o~ ____ ~----~----~----~----~ 
6 12 18 24 30 

Month 
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in each study, myeloid leukemias of both 
studies were analyzed together. 

There were some differences in the two 
studies. Kirin's G-CSF is produced in 
E.coli, and Chugai's in Chinese hamster 
cells. Although the doses were almost equi
valent, the administration schedules were 
slightly different; Kirin's G-CSF was given 
from day 5 to 18 [8], and Chugai's from day 
1 to 21 [9]. However, from our previous 
experience with G-CSFs, the two sets of 
data are thought to be well comparable and 
able to be analyzed togehter. 

A total of 129 patients were registered to 
the two studies, and 119 were evaluable, 56 
of whom had myeloid leukemia. However, 
two patients in the placebo group in each 
study were given G-CSF due to infections 
after the 21-day observation period was 
over. Since the aim of the analysis was to see 
whether myeloid leukemia cells were stimu
lated by G-CSF in vivo, these four patients 
were included in the G-CSF group for 
further analysis. 

Thus, there were 33 patients in the G
CSF group and 23 in the placebo group 
(Table 4). There were 16 AMLs in first 
remission, six AMLs in second or later 
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Fig. 4. Kaplan-Meier curve of probability in 
remission after bone marrow transplantation 
(BMT). Four patients in the placebo group who 
were later given G-CSF due to infectious episodes 
were included in the G-CSF group 

remission, eight AMLs in relapse, 14 CMLs 
in chronic phase, ten CMLs in accelerated 
or blastic phase, and two MDSs. The age 
range of patients was 2-45 with a median of 
30. 

At the median follow-up of 23 months, 
there was no statistical difference in the 
remission duration (P=0.8971 by the gen
eralized Wilcoxon test) (Fig. 4) and in the 

Table 4. Two double-blind controlled studies of G-CSF in bone marrow transplantation (BMT) 
(myeloid leukemia only) 

G-CSF Placebo Total 

Kirin/Sankyo study [8] 15 (2) 12 27 
Chugai study [9] 18 (2) 11 27 

AML 
First CR 10 (1) 6 16 
Second or later CR 4 2 6 
Relapse 5 (1) 3 8 

CML 
Chronic phase 8 6 14 
Accelerated phase 3 (2) 1 4 
Blast crisis 2 4 6 

MDS 
RAEB 1 0 1 
REEB inT 0 1 1 

Total 33 (4) 23 56 

The number in parentheses indicates the number of patients in the placebo group who received 
G-CSF due to the delay of leukocyte recovery after the observation period was over, and who 
were thus included in the G-CSF group. 
CR, complete remission; AML, acute myeloid leukemia; CML, chronic myeloid leukemia; MDS, 
myelodysplastic syndrome; RAEB, refractory anemia with excess of blasts 
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Fig. 5. Kaplan-Meier curve of diesease-free sur
vival after bone marrow transplantation (BMT). 
Four patients in the placebo group who were later 
given G-CSF due to infectious episodes were 
included in the G-CSF group 

disease-free survival (P=0.7480) (Fig. 5) 
between the groups which received either 
G-CSF or placebo after BMT. Since the 
prognosis of BMT is strongly influenced by 
the stage of disease at the time of transplan
tation, it is necessary to analyze the prog
nosis according to the stage. Therefore, 
AML in first CR, CML in chronic phase, 
and MDS in refractory anomia with excess 
of blasts (RAEB) were regarded as good 
risk, and others bad risk. However, there 
was no statistical difference in the disease
free survival either of good-risk patients 
(P=0.4963 by the generalized Wilcoxon 
test) or of poor-risk patients (P=0.2811). 

In summary, the present prospective ran
domized studies in Japan revealed that 
G-CSF accelerated the neutrophil recovery 
significantly after intensive chemotherapy 
in leukemia, while causing no major toxici
ties. Documented infections were signifi
cantly less frequent in the G-CSF group. 
There was no evidence that G-CSF acceler
ated the regrowth of leukemia blasts after 
chemotherapy or BMT. Patients in the 
G-CSF group tended to have a higher 
remission rate. The incidence of leukemia 
relapse was not higher in the G-CSF group 
than in the control group after chemother
apy or BMT. However, when using CFSs in 
myeloid leukemia, great care must be taken 
not to give unnecessary stimulation to neu
trophil production. Furthermore, the use of 
G-CSF should be limited to patients who 

are at high risk from life-threatening infec
tions and who have minimal leukemia cells 
until the results of additional clinical studies 
become available. 
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Cytokinetic Resistance in Acute Leukemia: Recombinant 
Human Granulocyte Colony-Stimulating Factor, Granulocyte 
Macrophage Colony-Stimulating Factor, Interleukin-3 and Stem 
Cell Factor Effects In Vitro and Clinical Trials with Granulocyte 
Macrophage Colony-Stimulating Factor* 

M. Andreeffl, A. Tafuri U, P. Bettelheim2, P. Valent2, E. Estey!, R. Lemoli3, 
A. Goodacre l, B. Clarkson4 , F. Mandelli\ and A. Deisseroth l 

Introduction 

Human leukemia has been extensively 
investigated over the last 25 years regarding 
its cell kinetics, cytokine regulation, and 
molecular defects. It has been postulated 
that leukemic cells proliferate at variable 
rates, with DNA synthesis times as short as 
6, cell cycle times as long as 200 h, and that 
cell kinetic parameters can be of prognostic 
importance [1-4]. In addition to the 
marked heterogeneity observed in cycling 
cells, seminal experiments conducted over 
25 years ago demonstrated the presence of 
noncycling, quiescent leukemic cells [5]. It 
is believed that these cells are less sensitive 
to chemotherapy and thus constitute the 
residual cells which lead to clinical relapse 
at different time intervals after initial induc
tion of remission. We have previously 
demonstrated that cell kinetic measure-
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ments are correlated with remission inci
dence, remission duration, and survival in 
AML [6]. The most predictive parameter 
was found to be cellular RNA content, as 
determined by acridine orange flow cyto
metry. This cellular feature is asssociated 
with a quiescent state ("Go"-low RNA 
content, and "Gl"-high RNA content). 
More refined measurements of genes 
expressed when cells enter the division 
cycle, including Ki67, PCNA, and c-myc, 
were also found to be useful in dissecting 
cell cycle kinetics, in particular, the impor
tant GO-G l transition. 

The advent of human recombinant 
growth regulatory molecules provides tools 
to effectively recruit cells into the cell cycle. 
We and others [7-13] have demonstrated 
that granulocyte colony-stimulating factor 
(G-CSF), granulocyte macrophage colony
stimulating factor (GM-CSF), and interleu
kin-3 (IL-3) can recruit leukemic cells. The 
mechanisms involved are poorly under
stood. Cellular receptor status, signal trans
duction, early response genes, degree of 
differentiation, and other cellular mechan
isms may effect the ability of cytokines to 
recruit cells. 

We now report that cytokine combina
tions containing IL-3 are significantly more 
effective in recruiting leukemic cells than 
G-CSF and GM-CSF, and that human 
cloned stem cell factor (SCF) may further 
enhance this effect. Studies previously con
ducted only in suspension culture systems 



have now been extended to clonogenic 
assays. 

Our initial observation that recombinant 
human (rh) GM-CSF recruits leukemic cells 
into cycle in vitro provided the rationale for 
several clinical trials. Although cell kinetic 
data in patients are limited to date, we 
present here the cell cycle results of two 
clinical treatment regimens studied at the 
University of Vienna [14] and at the M. D. 
Anderson Cancer Center [15]. They 
demonstrate the induction of recruitment 
in vivo in some patients with rhGM-CSF. 
Future clinical trials will optimize this strat
egy by use of IL-3 and SCF. 

Materials and Methods 

Peripheral blood and bone marrow samples 
were obtained with informed consent, 
according to institutional policy, for both 
the in vitro and in vivo studies. Mononu
clear cells were separated by Ficoll-Hypa
que density gradient centrifugation (Phar
macia Fine Chemicals Co., Piscataway, N. 
J.). Samples used in the in vitro studies were 
suspended in fetal calf serum (FCS) and 
immediately cryopreserved using a mixture 
containing 5 % dimethylsulfoxide (DMSO) 
and 6 % hydroexythyl starch (HES) as 
described [16]. Cells were frozen at -120°C 
in a Revco Freezer (Revco Scientific, Inc., 
Asheville, N. C.). After rapid thawing, cells 
were suspended in Iscove's modified Dul
becco's medium (IMDM) (Gibco, Grand 
Island, NY) supplemented with 10 % FCS 
(Hyclone, Logan) and 60 U of deoxyribon
clease I (Cooper Biomedical, Malvern, PA) 
and incubated for 30 min on ice. Viable cells 
were recovered by Ficoll-Hypaque gradient 
and all samples contained more than 85 % 
blasts. Residual T cells were assessed by 
flow cytometry and were less than 2 % in all 
samples. Samples selected for these studies 
were chosen based on their known clono
genic efficiency. 

Cytokines. rhIL-3 was kindly provided by 
Dr. S. Gillis (IMMUNEX, Seattle,WA) (20 
ng/ml). rhG-CSF and rhGM-CSF was a gift 
from Dr. L. Souza (AMGEN, Thousand, 
Oaks, CA), both at a concentration of 500 
U/m!. rhSCF was generously provided by 

Dr. K. Szebo (AMGEN, Thousand Oaks, 
CA) (200 ng/ml). 

Culture Systems. Cells were suspended in 
IMDM supplemented by 10 % FCS, 1 % 
L-gluatime and 1 % penicillin-streptomycin 
(Gibco). Cell number was adjusted to a 
starting concentration of 0.5 X 106 cells/m!. 
Cells were cultured at 37°C for 48 h in 5 % 
CO2 with and without (control culture) two 
combinations of cytokines: IL-3 plus GM
CSF plus G-CSF and G-CSF plus GM-CSF. 
Cell number and viability were assessed by 
trypan blue exclusion. SCF was studied in 
serum-free medium (HL-1), in combination 
with G-CSF, GM-CSF, and IL-3. Read-out 
was on day 5. 

Cell Kinetic Studies. Cell kinetics were 
analyzed after 48 h (or 5 d) of cytokine 
exposure using the acridine orange (AO) 
DNR/RNA technique, which allowes des
crimination of cells in Go, G), S, and G2M as 
well as the mean RNA content per cell in 
each phase of the cell cycle as previously 
described [17]. Bromodeoxyuridine was 
used to label samples ex vivo for 60 min. 
Details have been described elsewhere [13]. 
Samples were measured in a FACScan flow 
cytometer (Becton Dickinson, Mountain 
View, CA). The software used included 
Consort 30, FACStar Research, Lysis, and 
Paint-a-gate (Becton Dickinson). 

Clonogenic Assay. Culture medium for 
the leukemia-colony forming unit (CFU-L) 
assay consisted of 1 ml of IMDM supple
mented with 24 % FCS, 0.8 % BSA, and 
10-4 mill of Mercaptoethanol, methylcellu
lose at a final concentration of 1.32 % . 
MO-Tcelliine conditioned medium (kindly 
provided by Dr. Golde, UCLA, Los 
Angeles, CA) at 20 % v/v concentration was 
used as clonogenic stimulating activity. Irra
diated autologous cells (1 X 105 cells at 3000 
cGy) were added to the cultures. Colony 
growth was not observed in any culture 
when irradiated cells were cultured alone. 
Total number of cells plated was adjusted 
according to the previously studied clono
genic efficiency in order to generate about 
100 colonies/ml of culture; 1 X 105 cells/ml 
were plated in the three experiments in 
which fresh samples were used. Quadrupli
cate cultures were incubated at 37°C in a 
humidified atmosphere of 5 % CO2 • Plates 
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A) 

B) rhGM-CSF 125 ugr/m2 (age > 60) sc 

P.B. blast> 50,000 or 

C) 

rhGM-CSF dose escalation 

DNR + ARA-C 

Fig. 1. Treatment regimen combining GM-CSF and chemotherapy. Regimen A, University of Vienna; 
Regimen Band C M. D. Anderson Cancer Center 

were scored for colonies (greater than 20 
cells) after 10 days of incubation. 

Clinical Protocols. Patients were treated 
on three different protocols: Study A (Fig. 
1) consisted of rhGM-CSF 250 ug/m2 i.v. for 
24 h, followed by daunorubicin and ara-C 
for 3 and 7 days, respectively. Details of this 
clinical trial are reported elsewhere [14]. 
Protocol B (Fig. 1) consisted of rhGM-CSF 
(125 ug/m2 s. c.) given for up to 7 days or 
until the peripheral blast count exceeded 
50000/[11 (GM-CSF supplied by Schering
Plough Corp., nonglycosylated GM-CSF 
expressed in E. coli). Following GM-CSF, 
patients received daunorubicin 45 mg/m2 
daily X 3 days, and ara-C 1.5 g/m2 daily by 
continuous infusion for 4 days. GM-CSF 
continued until chemotherapy was com
pleted [15]. A third protocol (C, Fig. 1) used 
low dose GM-CSF (10 ug/m2 s. c.) until the 
peripheral blast count exceeded 10000 or 
the peripheral blast count doubled. At that 
point, daunorubicin and ara-C were applied 
as above. The protocol also called for a 
GM-CSF dose escalation if no response was 
observed. 

Statistical Analysis. Significance levels 
between different in vitro groups were 
determined by paired two-sided Student't t 
test. Linear regression analysis was also 
performed to investigate correlation be
tween variables. 
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Results 

In Vitro Stimulation with G-CSF, GM
CSF, IL-3 and SCF 

Figure 2 shows the effects of G-CSF and 
GM-CSF in combination on AML cells in 
vitro. The upper panel compares changes in 
S phase and changes in CFU-L. In the 
majority of cases, no significant increase in 
S phase or CFU-L was observed, however in 
cases number 3 and 4, S phase increased 
significantly, and this was paralleled by 
increases in CFU-L. Cases 1 and 2 had only 
small S phase increases, although the 
increase in CFU-L was more pronounced. 
The lower panel shows the percentage of 
decrease of cells in Go as determined by 
DNA/RNA flow cytometry. Sample num
ber 6 had the highest decrease, but 
decreases were also observed in samples 1, 
3, and 4. 

The enhanced cell kinetic effects of IL-3 
can be seen in Fig. 3; the same samples were 
studied under identical conditions except 
for the addition of IL-3. It is apparent that 
5/10 samples had significant increases in S 
phase and these increases were significantly 
higher than those observed with G and 
GM-CSF alone. Again, changes in S phase 
were paralleled by increases in CFU-L and 
in decreases in the percentage of cells in Go. 
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Fig. 2. Effects of rhG-CSF + GM-CSF in suspension culture and in clonogenic assays in vitro. Ten samples from patients with AML were analyzed by flow cytometry for percentage of cells in S phase and in Go. Results were normalized to control samples and expressed as percent increase (S phase) and percent decrease (Go cells). Identical samples were studied by clonogenic assays (CFU -L) and changes are expressed as percent increase as compared to controls 
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Fig. 3. Same samples as shown in Fig. 2: G-CSF + GM-CSF + IL-3 were used to stimulate proliferation (% change of cells in Go and in S phase) and clonogenicity (CFU-L). For further details, see Fig. 2 
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Fig. 4. Cell kinetic changes in AML patients treated with OM-CSF in vivo. Eleven patients were 
studied; results are expressed as change compared to pretreatment values . Increases are shown for cells 
in S phase and for the number of circulating blast cells . Changes shown for 0" cells indicate decreases in 
the number of 0" cells 

Only case 8 had a decrease in Go, which was 
not accompanied by increased clonogenici
ty or elevated S phase. One could postulate 
that cells were recruited from Go into G I but 
not into S phase , and that this did not result 
in an increased number of colony forming 
cells. 

Comparison of Figs. 2 and 3 allows the 
conclusion that the addition of IL-3 results 
in more effective recruitment than that 
obtained with G- and GM-CSF combined. 
These experiments did not address the 
question whether IL-3 alone would result in 

significantly increased clonogenicity and 
proliferation. 

As shown in Table 1, the addition of SCF 
further enhances the proliferation induc
tion observed by the combination of G
CSF, GM-CSF, and IL-3. These experiments 
were carried out in serum-free medium 
(HLl), and cell kinetic changes were mea
sured after 5 days . It was apparent that the 
depletion of cells in Go was more significant 
when SCF was added (p=O.Ol) , and that 
the number of cells in S increased from 9 % 
on day 0 to 12.3 % on day 5 in the presence 

Table 1. Effect of stem cell factor (SCF), IL-3, O-CSF, and OM-CSF on AML Bone Marrow Cells in 
vitro 

Cell Cycle 

0 0 (%) 
0 1 (%) 
SOzM (%) 

Day 

0 
Bone Marrow 
Biopsy 

67.5 
24 .5 
9 

5 
0+ OM 
+ IL-3 

59.4 
15.4 
12.3 

p 

5 
O + OM 
+ IL-3 + SCF 

38.7 0.01 
22 .2 n.s. 
24.2 0.01 

Cells were grown in serum-free medium (HL-l) . Changes in cell kinetics (00' OJ, SOzM) were 
measured on day 0 and again after 5 days. Recruitment is evident by decrease of cells in 0 0 and 
increase of cells in SOzM. SCF significantly adds to the effects of 0 + OM + IL-3. 
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of G + GM + IL-3, and to 22.2 % when 
SCF was added. 

Cell Kinetic Changes in Patients Treated 
with GM-CSF 

Table 2 summarizes patient characteristics 
for the 11 patients treated with GM-CSF 
and chemotherapy. Table 3 provides specif
ics of the doses of G M -CSF and the changes 
in the percentage of bone marrow cells in Go 
and in S phase, changes in peripheral blood 
blast numbers, and in the percentage of 

bone marrow blast cells. Columns labelled 
"pre-" and "start" reflect two pretreatment 
time points. In some of these patients, 
changes were observed with regard to the 
percentage of cells in Go and in S phase, 
which were unrelated to cytokine therapy. 
In other cases, significant changes are 
apparent only after cytokine therapy. Some 
of these changes may be related to sampling 
error, as only bone marrow aspirates were 
used in the kinetic studies of bone marrow 
leukemic cells. It is known that bone mar
row biopsies provide more reliable material 
for this purpose. 

Table 2. Characteristics of 11 patients treated with GM-CSF followed by chemotherapy 

PATIENT FAB AGE % BLASTS RESP. 
b.m. 

* 1 M1 25 86 CR 
* 2 M5 46 79 CR 
* 3 M4 66 84 CR 
* 4 M1 60 94 Resist. 
* 5 M2 62 50 Died 
* 6 Ml 49 73 CR 
* 7 M2 21 34 CR 
* 8 M2 33 74 CR 
* 9 M2 38 36 Resist. 
*10 n.c 50 29 Resist. 
*11 M2 70 47 CR 

Table 3. Details of clinical trials of GM-CSF and chemotherapy 

* Dose % Go(BM) %S(BM) PB blasts x 103 % BM blasts 

Pre Start Post Pre Start Post Pre Start Post Pre Post 

1 250 x 24h 75.6 86.9 60.1 4.4 3.8 8.7 / 0.2 0.7 86 92 
2 250 x 24h / 65.1 91.6 / 3.0 2.0 / 0.8 1.1 79 81 
3 250 x 24h / 57.7 74.6 / 1.3 9.1 / 12.7 24.2 84 95 
4 250 x 24h / 91.5 92.9 / 3.0 0.7 / 20.7 15.4 94 90 
5 125 x 4d. 86.6 77.2 81.7 3.3 5.5 2.7 45.8 63.3 99.5 50 68 
6 125 x 5d. 58.1 30.0 8.4 15.3 14.5 12.7 10.4 11.7 54.7 73 93 
7 125 x 8d. 52.4 79.4 57.2 3.3 7.8 9.8 1.0 0.5 2.0 34 31 
8 125 x 4d. / / / 7.2 15.1 14.3 7.2 4.7 41.7 74 49 
9 125 x 8d. / / / 4.2 7.5 7.7 3.8 15.4 9.1 36 70 

10 125 x 7d. 76.7 61.4 54.3 7.2 6.7 10.2 1.4 3.2 18.1 29 21 
11 10-20 x 22d. / / / 8.5 3.1 14.0 5.5 5.5 10.1 47 62 

Dose of GM-CSF given in [tm/m2 X time of in vivo therapy. Cell kinetics is given as percentage 
of cells in Go and S Phase, as measured by DNA/RNA flow cytometry in bone marrow cells. PB 
blasts X 103 indicates circulating leukemic blast cells. Percentage of bone marrow blast cells is 
given before and after GM-CSF. "Pre-" and "Start" signify two pretreatment time points. 
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Table 4. Ex vivo BUdR incubation for 1 h of 
AML samples, before and after treatment with 
GM-CSF. Four of seven patients have significant 
increases in S Phase cell 

Case * 

2 
3 

4 
8 
9 

11 

Sample 

B.M. 
P.B. 
B.M. 
B.M. 
P.B. 
B.M. 
B.M. 
B.M. 
B.M. 

Pre 

2.3% 
0.3% 
1% 

5.5% 
3.4% 
1.2% 

15.1 % 
7.5% 
3.1 % 

Post 

5.9% 
2.0% 
2.5% 

20.1 % 
17.9% 
1.4% 

14.3% 
7.7% 

14.1 % 

S-phase l' 417 

Changes in S phase cells were also studied 
using ex vivo BUdR labelling as shown in 
Table 4. This technique is considered super
ior to DNA measurement alone, and it is 
obvious that a significant increase in S 
phase cells was observed in 417 patients. 

The kinetic changes are summarized in 
Table 5: 33 % of patients had a significant 
decrease in Go cells and 36 % had an 
increase in S phase cells of more than 50 % . 
In one quarter of patients, decreases in Go 
were accompanied by increases in S phase 
cells. The majority of patients had changes 
in peripheral blasts, and four out of 11 
patients had changes in bone marrow 
blasts. The higher number of peripheral 
blasts was not always correlated to cell 
kinetic changes. 

Table 5. Summary of cell kinetic changes in 
patients treated with GM-CSF and chemothera
py (for details, see text) 

Kinetic changes 

GO ~ >25% 

S phase l' >25 % 
1'>50% 

GO ~ + S l' 

Patient number 

1. 6, 7 

1,3,7, 10, 11 
1,3, 10, 11 

1.7 

% of 
cases 

33 

45 
36 

25 

PB Blasts l' >25% 1,2,3,5,6,7,8. 81 
10,11 

l' >50% 1,3,5,6,8,10,11 63 

BM Blasts l' >25 % 5, 6, 9, 11 36 
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Discussion 

Cytokinetic manipulations of acute myeloid 
leukemia have been attempted for many 
years, since ara-C and anthracyclins were 
found to act in a cell cycle specific manner. 
Cytosine arabinoside, the backbone of 
AML therapy to date, is specifically effec
tive against cells in S phase. Topoisomerase 
II inhibitors, such as daunomycin, idarubi
cin, and etoposide, require increased levels 
of the enzyme Topo II to be effective. Cells 
in Go express only very low levels to Topo II, 
and increases in Topo II when cells enter G j 

have been demonstrated [18]. Cytokine
induced recruitment would therefore mod
ulate the target cells in a way that would 
render them more susceptible to chemo
therapy. 

Another mechanism of enhanced drug 
action was recently described by Wiley [19, 
20]. Cells incubated with GM-CSF signifi
cantly increased their nucleoside-transport
er concentration and increased ara-C cyto
toxicity was observed. This effect appeared 
to be unrelated to changes in the prolifera
tive compartment of the leukemic cell pop
ulation. 

Previous studies from our and other 
groups have demonstrated a recruiting 
effect of G-CSF, GM-CSF, and IL-3 [21-25]. 
We have extended our initial observations, 
which were obtained in short-term suspen
sion culture systems, to include clonogenic 
assays and results indicate that changes 
observed in suspension cultures parallel 
those observed in clonogenic assays. This 
may be related to the relatively small 
number of samples investigated. Neverthe
less, a short term suspension culture ass~y 
for 48 h with subsequent flow cytometnc 
measurement of cell cycle parameters 
(e.g.,DNA/RNA, Ki67, PCNA) may be a 
useful tool in predicting in vivo response of 
individual patients to cytokines. Our stud
ies demonstrate that the combination of G
plus GM-CSF is far inferior to combinations 
containing IL-3: the number of samples 
showing recruitment and the degree of 
recruitment observed increased significant
ly. This observation provides rationale for a 
clinical trial with IL-3 prior to chemothera
py in patients with AML, which will begin 
shortly at the M. D. Anderson Cancer 



Center. The additional recruitment ob
tained with SCF provides rationale for 
future trials. 

The limited recruitment by GM-CSF 
observed in vitro was also demonstrated in 
our in vivo studies. Although different 
clinical trials are combined in this analysis, 
it is apparent that only some patients 
demonstrated significant recruitment in 
vivo induced by GM-CSF. This may be 
related to the absence of GM-CSF recep
tors, and future studies of GM-CSF recep
tors will investigate whether the absence of 
receptors predicts for the absence of kinetic 
responses. 

Our studies also demonstrate that 
increases in peripheral blast counts are not 
paralleled in all cases by cell kinetic recruit
ment. All cases with recruitment showed a 
concommitent increase in circulating blasts, 
but the reverse was not true. This may be 
related to the down regulation of adhesion 
molecules on myeloblasts by GM-CSF. 

We hope that the in vitro observations 
and the initial clinical trials will become 
starting points for a new period of leukemia 
therapy: manipulations of drug dosage and 
scheduling have probably reached a plateau 
at the present time, and we propose, there
fore, to modulate cellular features in order 
to render leukemic cells more sensitive to 
chemotherapy. 

Many open questions remain. These 
include the selective stimulation of leu
kemic versus normal progenitor cells. This 
question will be answered by a combination 
of cell kinetic and fluorescence in situ 
hybridization studies. Furthermore, the 
induction of differentiation by cytokines 
was recently observed in patients with AML 
and may diminish the subsequent efficacy of 
chemotherapy [26]. Timing of cytokine 
treatment will therefore playa major role in 
the planned studies, and these issues 
require careful clinical investigation. 

Summary 

Previous studies have demonstrated that 
hematopoietic growth factors can enhance 
cytotoxicity of cell cycle therapeutic agents 
in acute myeloblastic leukemia (AML). We 
and others have previously reported that 

recombinant human G-CSF, GM-CSF, and 
IL-3 recruit leukemic cells into the cell cycle 
and that recruitment is associated with 
increased cell killing by cytosine arabino
side (ara-C) and daunorubicin (DNR). We 
now report detailed cytokinetic and clono
genic analysis of ten AML samples and 
compare the effects of G-CSF and GM-CSF 
with those of G-CSF, GM-CSF, and IL-3 
combined. Cytokinetic analysis includes 
determination of quiescent Go cells and of 
cells in G, and S phase. Increased clono
genic growth of leukemic colonies (CFU -L) 
in methy1cellulose was observed by the 
combination of G-CSF, GM-CSF, and IL-3 
in 4/10 samples studied. Flow cytometric 
analysis of cell cycle kine tis was indicative 
of recruitment in 5/10 samples. Important
ly, the IL-3 containing combination was 
significantly more effective than the combi
nation of G-CSF and GM-CSF. rhSCF was 
found to further enhance recruitment in 
serum free medium. 

Results in 11 AML patients treated with 
rhGM-CSF indicate induced recruitment in 
vivo: the doses used were 125 and 250 /lg/m2 
s. c. for 1-8 days or 25 /lg/m2 for 3-22 days. 
Five of 10 patients treated with high dose 
GM-CSF showed either a decrease in Go 
cells or an increase in S cells, or both. An 
increase in circulating blasts was seen in 
7/10 patients. All patients with cell kinetic 
changes also had increases in circulating 
blast cells. 

The in vitro experiments would predict a 
significantly increased efficacy for IL-3 
alone or in combination with other cyto
kines in the recruitment of leukemic 
cells. 
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Simultaneous Administration of Granulocyte-Macrophage 
Colony-Stimulating Factor and Cytosine Arabinoside for the 
Treatment of High-Risk Myeloid Leukemia* 

S. A. Cannistra, 1. DiCarlo, P. Groshek, Y Kanakura, D. Berg, R. Stone, R. J. Mayer, 
and J. D. Griffin 

Introduction 

Patients with refractory or relapsed acute 
myeloid leukemia (AML) are often treated 
with regimens containing high-dose cyto
sine arabinoside (ARA-C) , resulting in 
complete response rates of approximately 
30 % to 50 %, with a median remission 
duration of approximately 4 months [1]. 
Likewise, patients with the myeloid blast 
crisis of chronic myeloid leukemia (CML) 
are often treated with high dose ARA-C, 
with re-establishment of a short-lived stable 
phase in only about 20 % of cases [2]. An 
important reason for treatment failure in 
these high-risk patients is likely to be 
pharmacologic resistance to ARA-C, which 
may be due to multiple mechanisms includ
ing decreased intracellular levels of deoxy
cytidine kinase and decreased intracellular 
uptake of ARA-C. Since ARA-C is a 
cell-cycle-specific drug, another potential 
mechanism of resistance may be related to 
the observation that a large fraction of 
leukemic clonogenic cells is not in S phase 
atthe time of ARA -C exposure [3]. We have 
attempted to overcome kinetic resistance to 
ARA-C in vitro by recruiting leukemic cells 
into S phase through the use of recombi-
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nant human granulocyte-macrophage colo
ny-stimulating factor (rhGM-CSF), a hu
moral factor which supports the in vitro 
proliferation of clonogenic cells from the 
majority of patients with AML [4].We have 
previously shown in tissue culture that this 
agent is able to effectively increase the 
fraction of leukemic clonogenic cells in S 
phase, and that this effect is associated with 
a significant increase in ARA-C-mediated 
cytotoxicity [5]. Since rhGM-CSF is biolog
ically active and well-tolerated when 
administered to patients with normal bone 
marrow function [6-8], we chose to study 
the in vivo kinetic and therapeutic effects of 
combined rhGM-CSF and high dose ARA
C treatment in a population of high risk 
patients with myeloid leukemia. We now 
report the results of this treatment strategy 
in six patients with relapsed or refractory 
AML, and in two patients with the myeloid 
blast crisis of CML. 

Materials and Methods 

Patient Selection 

High-risk myeloid leukemia patients eligi
ble for this study have been previously 
defined [9]. Briefly, patients appropriate for 
this study include (a) those with AML 
which is refractory to two courses of stan
dard induction chemotherapy (3 days of 
daunorubicin and 7 days of ARA-C, fol
lowed by 2 days of daunorubicin and 5 days 
of ARA-C if bone marrow blasts persist by 
day 14), (b) those with AML which has 
relapsed within 1 year of achieving com-



plete remission, or (c) those with the myel
oid blast crisis of CML as defined by the 
development of at least 30 % bone marrow 
myeloblasts (as determined by morphology 
and surface marker analysis) in the setting 
of Philadelphia chromosome-positive 
CML. Other criteria necessary for enroll
ment include: peripheral blast count :::::: 
75000/mmP, no evidence of leukostasis or 
clotting diathesis, no evidence of severe 
systemic infection, ;::: 30 % bone marrow 
blasts, no prior history of cerebellar dys
function, no history of neurologic toxicity 
to ARA-C; normal renal and hepatic func
tion, age greater than 18 years, Eastern 
Cooperative Ecology Group (ECOG) per
formance status 0-2, and written informed 
consent. The study was approved by the 
Scientific Review Committee and the 
Human Protection Committee of the Dana
Farber Cancer Institute. 

Study Design 

This was an open labeled, nonrandomized 
phase I clinical study in which all patients 
received an 18 h "priming" period of recom
binant human rhGM-CSF as described bel
ow, followed by the institution of high dose 
ARA-C therapy. rhGM-CSF was adminis
tered throughout the duration of ARA-C 
therapy, after which both drugs were dis
continued. rhGM-CSF was administered 
intravenously at a dose of either 0.45 Ilg/kg 
h (CHO-derived material) or 0.21 Ilg/kg h 
(E. Coli-derived material) as a continuous 
infusion through a central venous catheter. 
As stated below, the first six patients 
received CHO-derived GM-CSF, after 
which the product was switched to E. 
Coli-derived material in order to accommo- , 
date a policy change on the part of the 
supplier. ARA-C was initially administered 
intravenously over 3 h at a dose of 3 g/m2, 
every 12 h for a total of six doses. After 
treating patient 1, the protocol was modif
ied by reducing the ARA-C dose to 2 g/m2 
for a total of eight doses in order to reduce 
the risk of ARA-C-mediated neurotoxicity. 
The protocol called for stopping rhGM
CSF prematurely if leukemic exacerbation 
occurred during treatment, defined as the 
development of leukostasis or a peripheral 

blast count of greater than 150000/mm3• 

Standard supportive measures including 
broad spectrum antibiotic administration 
for the treatment of fever in the setting of 
neutropenia were provided. 

rhGM-CSF 

rhGM-CSF was provided by two sources. 
For the first six patients, the rhGM-SCF 
was supplied by Sandoz Pharmaceuticals 
(Basel, Switzerland) and was purified from 
media conditioned by transfected CHO 
cells, with a specific activity of 5.4 x 1()6 
units/mg glycoprotein (8.0 x 106 units/mg 
aglycoprotein). For the last two patients, 
rhGM-CSF was provided by Schering
Plough and was purified from media condi
tioned by transfected E. coli. 

Laboratory Studies 

Sources of Human Cells 

Bone marrow was aspirated into heparin
ized syringes immediately prior to and 18 h 
after the institution of rhGM-CSF therapy. 
The mononuclear fraction was separated by 
Ficoll-Hypaque density gradient centrifu
gation and used for the study of cell cycle 
kinetics and GM-CSF receptor occupancy 
as described below. All mononuclear cell 
specimens from the three patients studied 
in this report contained between 68 % and 
90 % blast forms, the remainder of cells 
being promyelocytes, myelocytes, meta
myelocytes, bands, and monocytes. 

Cell Cycle Analysis 

Three separate techniques were used to 
evaluate the cell cycle status of leukemic 
blasts in this study. The S phase fraction of 
leukemic blasts was determined by (a) in 
vitro incorporation of bromodeoxyuridine 
(BrdU) as assessed by fluorescence micros
copy, (b) DNA histogram analysis with 
propidium iodide (PI) as assessed by flow 
cytometry, and (c) thymidine suicide analy
sis of leukemic clonogenic cells. The details 
of these techniques have been previously 
reported [9]. 

119 



Binding of Iodinated rhGM-CSF 
to Leukemic Myeloblasts 

The procedure for the binding of rhGM
CSF to myeloid cells was performed as 
previously described [10]. rhGM-CSF was 
iodinated by the Bolton-Hunter reagent, 
with a maximum binding capacity of 
approximately 80 % and a specific activity 
of 50-100 flCi/flg protein as determined by 
self-displacement analysis. Equilibrium 
binding was determined to occur after 1.5 h 
of incubation at 37 DC in the presence of 
sodium azide (0.02 % w/v). Receptor num
ber was determined by Scatchard analysis 
using mean data from duplicate samples at 
each concentration of iodinated rhGM-CSF 
[10]. The standard error of the mean for 
duplicate samples was::; 15 % . 

Analysis of GM-CSF Receptor Occupancy 
in Leukemic Myeloblasts 

We have previously shown that acid treat
ment of myeloid cells (phosphate-buffered 
solution, (PBS) pH 3.0 for 2 min at 4 DC) 
removes approximately 80 % prebound 
rhGM-CSF while completely preserving 
receptor integrity, permitting an assessment 
of the degree of receptor occupancy by 
comparing the results of Scatchard analysis 
of cells treated with or without acid. The 
details of this technique have been pre
viously reported [10]. 

Measurement of rhGM-CSF 
Plasma Levels 

An enzyme-linked immunoabsorbant assay 
(ELISA) was used to determine rhGM-CSF 
levels prior to an 18 h after the start of 
rhGM-CSF therapy. The details of this 
technique have been reported [9]. The 
lower limit of detection of this assay is 
approximately 100 pg/ml rhGM-CSF. 

Statistical Analysis 

Significance levels for comparison between 
treatment groups were determined using 
the two-sided Student's t test for unpaired 
samples. 
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Results 

Clinical Characteristics 

The characteristics of the eight patients 
with high-risk myeloid leukemia who were 
enrolled in this study are shown in Table 1. 
Of note is that AML patients 1,3, and 4 had 
disease refractory to standard therapy, and 
AML patients 2,5, and 6 had disease which 
relapsed after achievement of complete 
remission. Patient 2 was entered onto pro
tocol therapy after his fifth AML relapse 
(after having received multiple courses of 
high dose ARA-C). Patient 7 presented 
with the myeloid blast crisis of CML and 
received initial treatment with hydroxyurea 
in order to acheive white count control 
prior to study entry. Patient 8 had a previous 
history of CML which had progressed to 
myeloid blast crisis 5 years before study 
entry. At that time, he was successfully 
induced into a second stable phase with 
high dose ARA-C alone. Five years later he 
was entered into the current study at the 
time of his second myeloid blast crisis. 

Effects of In Vivo rhGM-CSF Administra
tion on the Fraction of Leukemic Cells in 
S Phase 

Each patient received a priming period of 
continuous infusion rhGM-CSF for 18 h 
prior to the institution of ARA-C therapy, 
permitting assessment of the S phase frac
tion of leukemic cells prior to and after 18 h 
of treatment. Kinetic studies were per
formed on bone marrow blasts for each 
patient at 0 hand 18 h. As shown in Table 2, 
six of seven evaluable patients demon
strated a significant rise in the percentage of 
bone marrow blasts in S phase after 18 h of 
rhGM-CSF therapy as assessed by BrdU 
analysis. No increment in the S phase 
fraction was observed for patient 8. In 
contrast, no significant change was ob
served in the DNA histogram obtained 
after staining with PI in most patients, with 
the exception of patient 2, who demon
strated a borderline significant increase in 
the leukemic S phase fraction after 18 h 
(Table 2). The insensitivity of the PI tech
nique most likely relates to the fact that 
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Table 2. Effects of GM-CSF on the S phase 
fraction of leukemic blasts in vivo 

Patient Time 
(h) 

0 
1 

18 

0 
2 

18 

0 
3 

18 

0 
4 

18 

0 
5 

18 

0 
6 

18 

0 
7 

18 

0 
8 

18 

%S 
phase 
(BrdU)a 

23' 
p = 0.009' 
36 

10 
p = 0.04 
15 

34 
p = 0.04 
44 

ND 

ND 

35 
p = 0.04 
42 

7 
p = 0.001 
15 

9 
p = 0.02 
14 

18 
p = NS 
19 

%S 
phase 
(PI)b 

9.7d 

p = NS 
8.0 

5 
p = 0.05 
9 

17 
p = NS 
20 

4 
p = NS 
6 

12 
p = NS 
14 

15 
p = NS 
14 

15 
p = NS 
14 

16 
P = NS 
10 

NS, not significant; ND, not determined 
a The fraction of blasts incorporating bromod

eoxyuridine (BrdU) was assessed by fluores
cence microscopy as previously described [9]. 

b DNA histogram analysis was performed on a 
flow cytometer after staining nuclei with pro
pidium iodide (PI) as previously described 
[9]. 

C Represents the mean S phase value of quadru
plicate determinations (100 cells counted per 
determination). Standard error of the mean 
was less than 15 % in each case. 

d Represents the mean S phase value of duplicate 
determinations as assessed by analysis of the 
DNA histogram by the PARA-l computer 
modeling program [9]. Standard error of the 
mean was less than 15 % in each case. 

e P values were determined by using the two
sided Student's I-test for unpaired samples. 
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cells in early S phase may initially contain a 
DNA content which is close to that of cells 
in GoIG1 , although these cells would be 
expected to be actively incorporating BrdU 
during this time period. In addition to 
studying whole populations of leukemic 
mononuclear cells by the BrdU and PI 
techniques, the kinetics of clonogenic cells 
from patient 1 and 8 were studied by the 
thymidine suicide technique [9]. The frac
tion of leukemic clonogenic cells in S phase 
at 0 hand 18 h in patient 1 was 33 % and 
55 %, respectively (p = 0.008), whereas 
corresponding values for patient 8 were 
44 % and 53 %, respectively (p = not 
significant). Due to insufficient numbers of 
peripheral blood leukemic cells, kinetic 
assessment of circulating blasts was possible 
only in patient 1, whose peripheral blood 
contained 90 % blasts after Ficoll-Hypaque 
density centrifugation. The peripheral 
blasts of this patient demonstrated an 
increase in the fraction of S phase from 3 % 
± 1 % at 0 h to 6.7% ± 2 % at 18 h (p = 
0.02) as assessed by BrdU analysis. 

Effects of rhGM-CSF Therapy 
on GM-CSF Receptor Expression 
in Leukemic Blasts 

In order to evaluate the effects of in vivo 
rhGM-CSF administration on GM-CSF 
receptor expression in AML, Scatchard 
analysis was performed on leukemic blasts 
from patients 1, 2, 4, and 8 at 0 hand 18 h. 
Immediately prior to Scatchard analysis, 
the cells were treated with or without acid 
in order to remove previously bound 
rhGM -CSF and to thereby obtain an assess
ment of GM-CSF receptor occupancy both 
before and during rhGM-CSF therapy. Spe
cific in vitro binding was demonstrated in all 
four patients tested (range: 45-126 recep
tors per cell, Table 3). Prior to the start of 
rhGM-CSF therapy, there was no difference 
in receptor density with or without acid 
treatment, suggesting that the GM-CSF 
receptor of leukemic blasts was not initially 
occupied by ligand in vivo. However, 
patients 1 and 2 demonstrated a decrease in 
rhGM-CSF binding at 18 h which was 
reversible upon acid treatment, suggesting 
that sufficient quantities of administered 



Table 3. Effects of GM-CSF on GM-CSF receptor expression in leukemic myeloblasts 

Patient 1 2 4 8 

Time (h) 0 18 0 18 0 18 0 18 
Receptor 

Media 45" 16 117 78 120 126 92 87 
Acid 39b 40 110 103 116 118 85 78 

% occupancyC 0 60 0 24 0 0 0 0 
% downregulation: d 0 6 0 8 

" Receptor number per blast cell as determined by Scatchard analysis [10]. 
b Acid treatment (PBS pH 3.0 for 2 min at 4°C) was used to remove prebound GM-CSF prior to 

performing Scatchard analysis in order to assess receptor occupancy as previously described 
[10]. 

c % occupancy = 100 X [receptor (time=18,acid) - receptor(time=18,media)]/[receptor
(time=18,acid)]. 

d % down-regulation=l00 X [receptor(time=O,acid) - receptor(time=18,acid)]I[receptor-
(time=O,acid)]. . 

rhGM-CSF were binding to blasts in vivo 
and that significant receptor down-regula
tion had not occurred at 18 h (60 % and 
24 % receptor occupancy, for patients 1 and 
2, respectively, Table 3). In contrast, no 
evidence for significant receptor occupancy 
was observed for either patients 4 or 8 at 18 
h. Since patient 4 demonstrated an incre
ment in the S phase fraction after 18 h of 
GM-CSF therapy (Table 2), the absence of 
significant receptor occupancy suggests that 
our acid wash technique may be insensitive 
at detecting low levels of in vivo binding 
which may still be biologically relevant. 

Alternatively, it is possible that the 
increase in the S-phase fraction is not 
directly mediated by GM-CSF administra
tion in this patient. In contrast, the absence 
of receptor occupancy in patient 8 corre
lates well with the lack of S-phase incre
ment after 18 h of GM-CSF therapy (Table 
2). 

The lack of significant receptor down
regulation after 18 h of GM-CSF exposure 
(Table 3) suggests that tachyphylaxis to the 
proliferative effects of this growth factor 
might not occur. Therefore, in order to 
determine whether leukemic cells obtained 
before and during rhGM-CSF therapy 
would be equally responsive to this growth 
factor in vitro, a dose-response curve of day 
7 leukemic cluster formation as a function 
of rhGM-CSF concentration was obtained 
for patient 1. No difference was observed in 

the dose-response curves for leukemic 
blasts obtained at 0 h or 18 h over a 
rhGM-CSF concentration range of 0-25 
ng/ml (data not shown). 

Measurement of rhGM-CSF Levels 
During Treatment 

Patients 1-4 had daily determinations of 
rhGM-CSF plasma levels by the ELISA 
technique, both prior to and during the 
infusion of rhGM-CSE No patient had 
detectable rhGM-CSF levels prior to the 
institution of rhGM-CSF therapy. Steady 
state levels of rhGM-CSF were observed at 
18 h of infusion, with the values for patients 
1,2,3, and 4 being 7.9,8.4,12.0, and 9.0 
nglml, respectively. These levels have been 
previously shown to provide a sufficient 
stimulus for the in vitro growth of leukemic 
clonogenic cells in agar culture [4]. Patient 2 
required evaluation of cerebrospinal fluid 
obtained through a previously placed 
Ommaya reservoir to rule out the possibil
ity of central nervous relapse. A sample of 
this cerebrospinal fluid revealed no measur
able rhGM-CSF after 18 h of therapy. The 
half life of GM-CSF was determined in 
patient 4 to be bisphasic, with an initial 11/2 of 
2.5 h and a second 11/2 of 4 h. 
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Hematologic Response During 
rhGM-CSF/ARA-C Therapy 

GM-CSF administration resulted in a >2-
fold increase in circulating blasts in five of 
the eight patients studied (range 1.3 to 
ten-fold, Table 4). No patient developed 
leukostasis or required GM-CSF discontin
uation due to a blast count in excess of 
150000/mm'. The total white count uni
formly decreased after treatment day 2 in all 
patients despite continuation of GM-CSF 
during ARA-C administration. Patients 7 
and 8 developed a first-dose reaction char
acterized by subacute onset of dyspnea, 
hypoxia (arterial P02 in the 50-60 mmHg 
range), flushing, and mild diaphoresis dur
ing the initial 4 h of GM-CSF administra
tion, associated with the development of 
profound neutropenia «500/mm'). Elec
trocardiography and chest radiographs were 
normal in both patients. The patients were 
treated with intravenous hydration, supple
mental oxygen, and temporary discontinua
tion of GM-CSF. Symptoms, hypoxia, and 
neutropenia, resolved within 6 h, after 
which GM-CSF was resumed without recur
rence of the first dose reaction in either 
patient. 

Toxicity of rhGM-CSF/ARA-C Therapy 

The side effects of rhGM-CSF/ARA-C 
therapy are shown in Table 4. Of the five 
patients evaluable for duration of neutrope
nia, the median duration of < 500 neutro
phils/mm3 was 19 days (range 14-28, Table 
4). Fever as high as 39.3°C PO. during 
GM-CSF/ARA-C administration was a fre
quent side effect, occurring in seven out of 
eight patients and resolving after drug dis
continuation except in patient 8, who expe
rienced coexistent Hickman line infection 
with Staphylococcus aureus on day 4. 
Patient 1 developed dysarthria and dysme
tria consistent with ARA-C cerebellar neu
rotoxicity approximately 24 h after discon
tinuation of ARA-C. This progressed to 
include stupor and grand mal seizures by 
day 10. The ARA-C dose was decreased to 2 
g/m2 per dose, eight total doses, for subse
quent patients. Although no other patient 
experienced CNS toxicity directly attribut-
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able to GM-CSF/ARA-C, patient 3 devel
oped nystagmus felt to be consistent with 
the effect of phenothiazine, and patient 4 
developed bilateral seventh nerve palsies 
due to leukemic meningitis. From a cardiac 
standpoint, patient 1 developed chest pain 
shortly after GM-CSF discontinuation and 
was found to have a pericardial friction rub. 
The ECG was consistent with pericarditis, 
assumed to be related to GM-CSF adminis
tration, and she was treated symptomatical
ly. No other patient developed a GM
CSF-induced cardiac complication, al
though patient 6 experienced self-limited 
sinus tachycardia (heart rate = 
11O-120/min) on day 14 probably due to a 
malpositioned Hickman catheter, and pa
tient 8 developed reversible hypotension on 
day 4 due to S. aureus Hickman line sepsis. 
Two out of eight patients developed a first 
dose reaction as noted above. During the 
first week of treatment, three of eight 
patients developed transient, mild renal 
dysfunction manisfested by increases in the 
serum creatinine in the 2 mg/dl range, and 
five out of eight developed reversible 
increases in liver function tests (Table 4). 

Response to rhGM-CSF/ara-C Therapy 

All patients experienced initial clearing of 
peripheral blood blasts by day 5 of therapy. 
Three of eight patients achieved a satisfac
tory response to GM-CSF/ARA-C therapy 
(38 %). Specifically, a complete remission 
was reestablished in AML patients 2 and 6, 
and return of stable phase disease was 
achieved in CML patient 7. Patient 2 
remained in remission for 4 months (ap
proximately the same duration as his pre
vious remission), after which he relapsed 
and subsequently died of disease refractory 
to VP-16 and mitoxantrone. Patient 6 
underwent an ex vivo purged autologous 
marrow transplant three weeks after recov
ery from GM-CSF/ARA-C therapy and was 
without evidence of relapse 5 months after 
transplant. Patient 7 recovered> 500/mm3 
neutrophils on day 19 with a subsequent 
bone marrow consistent with stable phase 
disease. After approximately 3 months, 
during which he has remained in stable 
phase, he is currently undergoing a partially 
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mismatched allogeneic bone marrow trans
plant. 

Patients 1, 3, 4, 5, and 8 did not achieve 
either a complete remission or resumption 
of stable phase disease after GM
CSFIARA-C treatment. Patient 1 died on 
day 13 of hemodynamic compromise 
related to pericardial tamponade. At 
autopsy, the pericardium was filled with 
hemorrhagic fluid and a fibrinous pericardi
tis was observed. There was no evidence of 
inflammatory or leukemic cell infiltration 
on histologic review. The brain showed 
evidence of cerebellar degeneration and 
Purkinje cell loss consistent with ARA-C 
neurotoxicity. Post-mortem bone marrow 
examination revealed hypocellularity with 
residual leukemic blasts. Patients 3, 4, and 5 
have subsequently died of complications 
related to active disease. Patient 8 remains 
alive 3 months after failure of GM
CSFIARA-C treatment and is currently 
undergoing ablative therapy with VP-16, 
cytoxan, and daunorubicin followed by 
reinfusion of previously collected peripher
al blood stem cells. 

Discussion 

The treatment of patients with relapsedlre
fractory AML or CML myeloid blast crisis 
remains a difficult clinical problem. High
dose ARA-C-containing regimens offer the 
most effective therapy for these patients, 
producing short-lived complete response 
rates of between 20% and 50% [1, 2]. 
Although pharmacologic resistance to 
ARA-C undoubtedly represents a major 
obstacle in the treatment of these patients, 
kinetic resistance due to the presence of a 
quiescent population of leukemic blasts 
that are not actively proliferating may also 
play an important role in treatment failure. 
It is known that a significant fraction of 
leukemic cells is not actively synthesizing 
DNA at the time of therapy. For example, it 
has been shown that generally less than 
50 % of leukemic clonogenic cells are in S 
phase by using either thymidine or ARA-C 
suicide techniques [3], which suggests that 
strategies designed to increase the fraction 
of clonogenic cells in S phase may enhance 
the degree of ARA-C-mediated cytotoxici-
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ty. In this regard, we have previously 
demonstrated that in vitro treatment of 
leukemic blasts with rhGM-CSF for 24 h 
provides an effective stimulus for the 
recruitment of myeloid leukemic blasts into 
S phase, and that this effect is associated 
with a significant increase in cell killing by 
ARA-C [5]. These results have also been 
confirmed by other investigators, who have 
suggested that GM-CSF is capable of both 
enhancing the leukemic S phase fraction 
and mobilizing leukemic blasts from the Go 
to G 1 phases of the cell cycle [11]. 

Although in vitro studies have demon
strated that GM-CSF may enhance ARA
C-mediated killing of leukemic myelo
blasts, it is possible that this effect might not 
result in a significant clinical benefit. For 
instance, myeloid leukemic cells may alrea
dy be exposed to a maximal proliferative 
stimulus in vivo which mayor may not be 
related to endogenous rhGM-CSF secre
tion. Several other hematopoietic growth 
factors are known to stimulate myeloid 
leukemic cell growth, including IL-3 and 
G-CSF, and it is possible that these factors 
may be partly or wholly responsible for in 
vivo leukemic cell proliferation [4]. There
fore, the present clinical trial was designed 
to investigate whether exogenously admin
istered rhGM-CSF could increase leukemic 
cell proliferation above baseline levels, and 
whether this treatment approach resulted in 
acceptable toxicity in high risk myeloid 
leukemia patients. The data presented in 
this study suggest that rhGM-CSF is capa
ble of enhancing the S phase fraction of 
leukemic myeloblasts over a relatively short 
"priming" period of 18 h, and that this effect 
is often associated with a rise in the level of 
circulating blasts (Table 4). The toxicity 
profile of this regimen appears to be accept
able in this small series, with no patient 
experiencing leukostasis and with tolerable 
durations of neutropenia. Although the 
study design does not allow an assessment 
of the efficacy of this regimen when com
pared to ARA-C alone, a 38 % response 
rate in this high risk patient population is 
encouraging. Although the small numbers 
of patients preclude a meaningful analysis 
of the relationship between kinetic res
ponse and outcome, it is interesting to note 
that three out of four patients who experi-



enced a 2: 1.6-fold increment in the leu
kemic S phase fraction during GM-CSF 
treatment entered either complete remis
sion or stable phase disease (Table 4). 

The use of fluorescence microscopy to 
detect BrdU incorporation by leukemic 
blasts may offer several advantages over 
standard DNA histogram analysis using PI. 
First, the technique may be applied to bone 
marrow samples with low cell numbers 
which may not otherwise be amenable to 
flow cytometric analysis. Also, the tech
nique allows assessment of nuclear mor
phology and thereby reduces the possibility 
of including nonleukemic cells in the analy
sis. This is important in view of the fact that 
each of our leukemic samples contained a 
small fraction of other myeloid cells such as 
metamyelocytes, bands, and monocytes, 
which could be readily distinguished from 
blasts on the basis of nuclear shape. 
Because it is impossible to discriminate 
between the nuclear morphology of blasts, 
promyelocytes, and myelocytes by fluores
cent microscopy, it is possible that contam
ination of the leukemic samples by these 
more mature myeloid cell types could have 
partially contributed to the increase in S 
phase observed with GM-CSF. Neverthe
less, data obtained from the 3H-thymidine 
suicide technique in patient 1 suggest that 
the observed increase in the S phase frac
tion involves the leukemic clonogenic cell 
population. Finally, the BrdU technique 
allows more sensitive detection of cells in 
early S phase, before they have synthesized 
enough DNA to be detectable by DNA 
histogram analysis with PI (Table 2) [12]. 

In this study, we have also shown that it is 
possible to achieve biologically relevant 
concentrations of GM-CSF in plasma, asso
ciated with significant rhGM-CSF binding 
to bone marrow leukemic blasts in some 
patients. Importantly, there was no evi
dence of significant GM-CSF receptor 
down-regulation over an 18 h period in four 
out of four patients tested (Table 3). The 
absence of significant receptor down-regu
lation in leukemic myeloblasts by GM-CSF 
in vivo is in agreement with our previous in 
vitro observations [13] and suggests that 
tachyphylaxis to the proliferative effects of 
this factor might not occur. This conclusion 
is also supported by the observation that 

the sensitivity of leukemic blasts to the 
proliferative effects of rhGM-CSF in vitro 
was unchanged after rhGM-CSF exposure 
in patient 1. Our data are also in agreement 
with those of Broxmeyer et aI, who found 
no evidence of progenitor cell resistance to 
rhGM-CSF in patients with the myeloprol
iferative syndrome treated with rhGM-CSF 
for up to 2 weeks [14]. 

It is possible that the simultaneous 
administration of rhGM-CSF and ARA-C 
may result in undesirable side effects such 
as exacerbation of leukemia, or prolonged 
durations of neutropenia due to co-stimula
tion of normal bone marrow myeloid pro
genitor cells by rhGM-CSF. No patient 
experienced leukemic exacerbation during 
the administration of rhGM-CSF/ARA-C 
therapy, although all patients experienced a 
transient increase in the absolute numbers 
of circulating blasts (Table 4). Although this 
increase was asymptomatic, all of our 
patients began therapy with relatively low 
numbers of circulating blasts (Table 1). 
Therefore, it is still possible that treatment 
of patients with initially high levels of 
circulating blasts may result in the develop
ment of leukostasis. None of our evaluable 
patients experienced durations of neutro
penia that were unexpected for such a 
heavily pretreated population receiving 
high dose ARA-C. The possibility of prol
inged duration of neutropenia with com
bined rhGM-CSF/ARA-C therapy is based 
upon the known ability of this growth factor 
to stimulate multipotent, committed proge
nitor cells (i.e., CFU-GEMM), potentially 
increasing ARA-C-mediated cytotoxicity 
of normal bone marrow precursors. 
Although we cannot rule out a significant 
effect of combined rhGM-CSF/ARA-C 
therapy on bone marrow recovery in view of 
the small number of patients studied thus 
far, the fact that rhGM-CSF is a relatively 
poor stimulator of the earliest pluripotent 
stem cell which can be identified in vitro 
(i.e., CFU-BLAST) suggests that this effect 
may not be clinically significant [15]. 

Pericarditis is a rare complication of 
rhGM-CSF therapy, usually when this fac
tor is administered at doses higher than that 
used in the present study [16]. Whether 
synergistic pericardial toxicity exists be
tween rhGM-CSF and ARA-C is unknown 
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at present, although it is becoming increas
ingly clear that receptors for rhGM-CSF are 
not restricted to the hematopoietic lineage 
[17]. In view of the observed pericardial 
toxicity of rhGM-CSF/ARA-C therapy in 
patient 1, the expression of GM-CSFrecep
tors by pericardial mesothelium deserves 
further study. In addition, patient 1 devel
oped severe ARA-C-associated neurotoxic
ity, raising the possibility that rhGM-CSF 
may have altered the permeability of the 
blood-brain barrier, resulting in elevated 
levels of ARA-C in the CNS. Although 
levels of rhGM-CSF or ARA-C were not 
evaluated in the cerebrospinal fluid of 
patient 1, there was no detectable rhGM
CSF in the cerebrospinal fluid of patient 2 
after 18 h of therapy, suggesting that rhGM
CSF itself does not cross the blood-brain 
barrier. Since ARA-C neurotoxicity is 
observed in approximately 15 %-20 % of 
patients above the age of 50 [18], it is also 
possible that the neurologic toxicity 
observed in patient 1 is solely related to 
ARA-C. 

Our study is in agreement with the expe
rience of Muhm et aI, who also documented 
in vivo recruitment of leukemic blasts into 
the cell cycle after a 24-48 h pretreatment 
of AML patients with rhGM-CSF [19]. 
However, it is also possible that some of the 
changes observed in the leukemic S phase 
fraction in our study may be due to varia
bility in cell cycle kinetics over time in this 
patient population, rather than induction of 
leukemic cell proliferation by rhGM-CSF. 
Since there is no information regarding 
serial cell cycle kinetic measurements over 
an 18 h period in patients with AML, this 
issue would be best addressed as part of a 
future clinical trial designed to investigate 
the cell cycle kinetics of patients random
ized to receive either placebo or GM-CSF 
treatment prior to chemotherapy adminis
tration. Furthermore, since our study was 
designed to assess the biological effects and 
toxicity of rhGM-CSF/ARA-C therapy in 
high-risk patients with myeloid leukemia, it 
is impossible at the present time to precisely 
evaluate the effectiveness of this strategy on 
clinical outcome. Nevertheless, the results 
of this trial suggest that cell-cycle recruit
ment of myeloid leukemic cells in an 
attempt to improve the effectiveness of 

128 

S-phase specific drugs is feasible through 
the use of recombinant hematopoietic 
growth factors such as rhGM-CSF. Further 
clinical investigation of the use of GM-CSF 
as a cell-cycle recruiting agent in patients 
with high-risk myeloid leukemia who are 
not already pharmacologically resistant to 
ARA-C are warranted. 

Summary 

High dose cytosine arabinoside (ARA-C) is 
often used in the treatment of patients with 
relapsed or refractory acute myeloid leu
kemia (AML), or those with the myeloid 
blast crisis of chronic myeloid leukemia 
(CML). This therapy typically results in 
short-lived complete response rates of 
20 % -50 % . We have previously shown that 
entry of myeloid leukemic cells into S phase 
can be accelerated in vitro through the use 
of recombinant human granulocyte-macro
phage colony stimulating factor (rhGM
CSF) , resulting in enhancement of ARA
C-mediated cytotoxicity. In order to eva
luate the in vivo biological and clinical 
effects of this strategy in patients with 
high-risk myeloid leukemia, we have 
treated six patients with either refractory or 
relapsed AML, and two patients with CML 
myeloid blast crisis, with a continuous infu
sion of rhGM-CSF for 18 h, followed by the 
institution of high dose ARA-C therapy. 
Recombinant GM-CSF was continued 
throughout the 4-day duration of ARA-C 
treatment and was stopped after the last 
dose of ARA-C was administered. Prior to 
therapy, four out of four patients tested had 
no detectable levels of circulating rhGM
CSF. There was no evidence of GM-CSF 
receptor occupancy (pretherapy) in leu
kemic myeloblasts of 4/4 patients tested. 
After 18 h of rhGM-CSF therapy, four out 
of four evaluable patients had biologically 
active levels of circulating rhGM-CSF 
(7.9-12.0 ng/ml). A significant rise in the S 
phase fraction of leukemic myeloblasts was 
observed at 18 h of rhGM-CSF treatment in 
five of six patients evaluated by BrdU 
incorporation. Five out of eight patients 
showed a > two-fold rise in the peripheral 
blast count during rhGM-CSF/ARA-C 
administration, followed by profound, but 



clinically tolerable, myelosuppression. No 
patient developed clinical evidence of leu
kostasis during GM-CSF therapy. The 
median duration of neutropenia ( < 
SOO/mm3) was 19 days. There were three out 
of eight clinical responses (38 %). Two out 
of six patients with AML experienced com
plete morphologic remission, with one 
patient subsequently receiving a purged 
autologous transplant three weeks later, 
and the other patient relapsing after a 
remission duration of 4 months. One of two 
patients with CML myeloid blast crisis 
reentered a second stable phase. These 
results suggest that exogenously adminis
tered rhGM-CSF is capable of rapidly 
mobilizing leukemic cells into S phase in 
vivo and theoretically should be useful in 
overcoming kinetic resistance to ARA-C. 
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Modulation of Cytotoxicity and Differentiation-Inducing 
Potential of Cytosine Arabinoside in Myeloid Leukemia Cells 
by Hematopoietic Cytokines* 

R. Henschler, M. A. Brach, T. Licht, R. Mertelsmann, and F. Herrmann 

Introduction 

Cytosine arabinoside (ara-C) has been used 
extensively in the treatment of acute myel
ogenous leukemia (AML) for many years 
(see [4] for review). Besides the conven
tionallow-dose regimen worked out by Frei 
et al. [16], high dose regimens [29] as well as 
combinations of ara-C with anthracycline 
derivatives [30] have further expanded and 
improved today's therapeutic repertoire for 
remission induction of AML. Despite con
siderable success in improving complete 
remission (CR) rates using new ara-C-based 
treatment modalities, we still face appall
ingly high relapse rates. Further improve
ment of AML induction therapy is thus 
mandatory. 

The advent of recombinant hematopoiet
ic growth factors and their clinical use gave 
us a powerful tool to mediate specific 
signals to selected cells resulting in either 
proliferation or differentiation of the res
pective set of cells. Accelerating the recov
ery of normal hemopoiesis after chemo
therapy is now becoming the major field of 
the clinical use of colony stimulating factors 
(CSFs). However, a growing number of 
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investigations has been performed on leu
kemic cells themselves as targets of phar
macotherapy with hematopoietic growth 
factors. On the basis of the capability of 
CSFs to recruit leukemic blasts into cell 
cycle, it has been speculated that the pro
portion of leukemic cells responsive to the 
S-phase specific drug ara-C, and thus the 
efficacy of ara-C, may be substantially aug
mented when CSFs are given in conjunction 
with or prior to ara-C. 

After a brief introduction into basic prin
ciples of the mode of action of CSFs and 
ara-C on leukemic celis, this chapter 
focuses on in vitro studies aimed at eluci
dating possible mechanisms of synergistic 
interactions between CSFs and ara-C, and 
at giving rationales for the design of exper
imental therapeutic regimens using combi
nations of CSFs and ara-C. We report that 
besides recruiting leukemic blasts into cell 
cycle, CSFs may function by altering intra
cellular ara-C metabolism as well as by 
promoting terminal differentiation of blast 
cells. In addition to the more early acting 
growth factors interleukin-3 (IL-3) and 
granulocyte-macrophage colony-stimulat
ing factor (GM-CSF), consideration will be 
given to the potential use of other factors 
such as macrophage colony-stimulating fac
tor (M-CSF) and leukemia inhibitory factor 
(LIF) in conjunction with ara-C; possible 
further strategies in the search for alterna
tive molecular events influenced by CSFs 
that might alter the action of chemothera
peutic agents will also be considered. Final
ly, a short summary of experimental thera
peutic regimes currently underway will 
include first clinical results. 
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Mode of Action of ara-C on Leukemic 
Cells 

Ara-C is converted intracellularly into its 
major metabolite and active form, the 
deoxyribonucleotide analogue ara-CTP 
[21]. Incorporation of ara-CTP into DNA 
will lead to alterations in DNA structure, 
slowing down of DNA elongation and, 
eventually, chain termination [12, 54]; ara
C was also found to inhibit DNA polymer
ase by competing with dCTP [17]. The latter 
effect is mediated by misincorporated 3'
ara-CMP residues [41]. 

Resistance to ara-C is common; two 
different kinds of mechanisms have been 
identified. On a pharmacological basis 
resistance may occur by an increase of the 
intracellular dCTP pool and thus a decrease 
in the intracellular ara-CTP: dCTP ratio. 
Other mechanisms of pharmacological 
resistance include decreased cellular reten
tion of ara-CTP or loss of DNA polymerase 
binding affinity for Ara-CTI~ To overcome 
pharmacological resistance of ara-C, the 
drug may be given as a bolus every 12 h [31], 
or, more effective and less toxic, by contin
uous i.v. infusion [45]. 

A different mechanism of resistance to 
ara-C is due to increasing proportions of 
leukemic cells that remain in Go and do not 
enter S phase, thus escaping action of the 
drug. As continuous infusion of ara-C alone 
is often insufficient to overcome resistance, 
it seems convincing that CSFs might be used 
to recruit quiescent leukemic cells into cell 
cycle in order to make them more suscepti
ble to the action of ara-C. The basic ques
tions for this concept are: to which growth 
factors are leukemic cells receptive, and 
how do they react? 

Mode of Action of CSFs on Leukemic 
Cells 

Fresh primary AML samples as well as 
various permanent myeloid leukemia cell 
lines have been studied concerning their 
reactivity to a range of CSFs and other 
growth factors in either semisolid medium 
or suspension culture [27] (for review). We 
and others have shown previously that 
leukemic progenitor cells are responsive in 
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particular to GM-CSF [23, 25]. In one-half 
to two-thirds of AML samples, GM-CSF 
and IL-3 support clonogenic leukemia 
growth in vitro. G-CSF in this context is 
only rarely active, whereas application of 
M-CSF will almost exclusively result in 
differentiation rather than proliferation 
[50,14,43,39,40]. Leukemic cell lines such 
as HL-60 (promyelocytic) and U937 (mon
oblastic) are induced by these CSFs to 
differentiate [48, 8, 36].Whereas clonogen
ic survival is lost in some cell lines (e.g., 
U937), others display undiminished self
renewal (e.g., HL-60). In our experiments 
both KG-l myeloblasts and primary AML 
cells were recruited into S phase most 
effectively by IL-3, and to a lesser degree 
also by GM-CSF or G-CSF (Fig. 1, panel 
A). 

Combined Action of ara-C and CSFs on 
Leukemic Cells 

Several groups have confirmed that AML 
blasts stimulated to proliferate by GM-CSF 
undergo enhanced cell killing by subse
quent exposure to ara-C as compared to 
untreated cells [40, 32, 9]. Cannistra et al. 
[9] extended these findings to myeloid blast 
crisis of CML. Concomitantly, the effect of 
ara-C to suppress self-renewal of leukemic 
blasts was enhanced by pretreatment of the 
cells with GM-CSF. Moreover, Bhalla et al. 
[3] found that GM-CSF enhances the effects 
of ara-C by interfering with ara-C metabol
ism resulting in increased intracellular ara
CTP/dCTP ratios in both normal and leu
kemic cells. 

As IL-3 is even more effective than GM
CSF in stimulating proliferation of AML 
blasts, [34], regimes combining IL-3 and 
ara-C can be expected to be more powerful 
than GM-CSF/ara-C combinations [5, 37]. 
When we exposed KG-l myeloblasts or 
AML samples representing FAB subtypes 
Ml, M2, M4 and M5 in suspension culture 
to either ara-C alone, or ara-C in the 
presence of IL-3, the number of leukemia 
cells surviving the clonal cultures was 
reduced by 83 % (low-dose ara-C) and 94 % 
(high-dose ara-C) by a combination of IL-3 
and ara-C, as compared to reductions in cell 
numbers of 49 % and 74 % with ara-C alone 
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Fig. 1. A Effect of various CSFs on total cell number, number of cells in S phase and number of cells in 
Go phase of the cell cycle. Freshly sampled AML cells depleted of T lymphocytes and adherent cells 
(>95 % pure blast cells by morphology) were exposed either to M-CSF (1000 Units/m!), G-CSF, 
GM-CSF or IL-3 (20 ng/ml each) for a period of 36 h. Proportions of cells in S phase and Go phase were 
determined by DNA histogram analysis and measurements of DNA/RNA content. Results represent 
mean values of nine independent experiments with blasts from different donors. LB. Effect of IL-3 on 
ara-C-mediated cytotoxicity in cionogenic AML cells. Myeloid leukemia cells (cell line KG-lor 
purified blasts from four patients with AML) were cultured for 24 h in the presence or absence of IL-3 
(20 ng/ml) with or without ara-C at low (10-7 M) or high (10-3 M) doses. After several washings cells 
were recultured in soft agar. After 6 days numbers of blast colonies were enumerated. Reduction of 
colony growth was 41 %-59 % (low-dose ara-C), 64 %-79 % (high-dose ara-C), 71 %-87 % (low dose 
ara-C +lL-3), 94%-98% (high dose ara-C + IL-3). The results shown represent means of all 
experiments 
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Fig. 2. Effect of IL-3 on dCTP and ara-CTP accumulation in normal and leukemic (AML) bone 
marrow cells treated with ara-C. Normal density bone marrow cells (open bars) and AML blasts (solid 
bars) were incubated at 10" cells/ml in the presence or absence of IL-3 (20 ng/ml) or ara-C (10-1 M) as 
indicated. Neutralized periodated acid soluble cell extracts were analyzed for intracellular dCTP and 
ara-CTP levels by HPLC as described previously [3]. Values are expressed as pmol/106 cells and 
represent the means of four separate samples for each group 

(Fig. 1, panel B). Similar experiments using 
GM-, G- and M-CSF instead of IL-3 
revealed that IL-3 was by far the most active 
CSF in enhancing ara-C cytotoxicity against 
leukemic cells. The increasing proportions 
of cells recruited into S phase by CSF 
treatment were in parallel to the percentage 
of dead cells after ara-C treatment. We also 
studied the effect of rhIL-3 on ara-C meta
bolism. As shown in Fig. 2 (left panel), 
normal low density bone marrow cells 
( open bars) exhibit strong increases in intra
cellular dCTP levels after exposure to IL-3 
compared to the medium control (bottom 
experiment). If exposed to ara-C plus IL-3, 
dCTP pools became substantially depleted. 
In contrast, in leukemic cells intracellular 
dCTP levels generally were influenced only 
to a very minor degree except for a reduc
tion by ca. 50 % of the medium control after 
treatment with ara-C alone. Figure 2, panel 
B, shows the effects of IL-3 on intracellular 
ara-CTP levels in ara-C treated cells. 
Whereas in normal cells levels of ara-CTP 
were lowered by a combination of ara-C and 
IL-3 compared to application of ara-C alone 
(open bars), again leukemic cells behaved 
differently and showed increased intracellu
lar ara-CTP levels. Overall, in leukemic 
cells the ratio of intracellular ara
CTP/dCTP was unchanged after treatment 
with IL-3/ara-C compared to ara-C alone, 
which is in striking contrast to the effects in 
normal cells. These data suggest that unlike 
the effects of GM-CSF, those of IL-3 on 
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ara-C metabolism are of minor impor
tance. 

In another series of experiments, we 
investigated the incorporation of 'H-ara-C 
into leukemic cells. The upper panel of Fig. 
3 shows that sequential exposure of AML 
cells to IL-3 and ara-C results in a 2- to 
3-fold increase in ara-C incorporation, 
whereas after simultaneous exposure ara-C 
incorporation rather decreased. Taken to
gether, these findings indicate that there is 
strong synergism of IL-3 and ara-C on AML 
blast cell killing in vitro. 

Effects of ara-C and CSFs 
on Differentiation of Leukemic Cells 

A number of leukemic cell lines including 
HL-60 promyelocytes, K562 erythroleu
kemia cells, ML-l myelomonocytic leu
kemia cells, and U937 monoblasts undergo 
maturation when treated with sublethal 
(low dose) ara-C [22, 52, 47, 11]. This is 
commonly associated with decreased stea
dy state c-myc mRNA levels and increased 
expression of the c-fos gene [42]. More 
recent work revealed that ara-C also acti
vates the differentiation-associated trans
cription of c-jun and junB in these cells [13, 
44, 33, 24]. Although in the case of KG-l 
cells and of primary AML blasts ara-C 
failed to induce terminal differentiation, 
molecular changes consistent with early 



150 sequential exposure 

« z 100 
C 
C'» 
~ 
'0 50 E -

0 

0 Normals (!].=8) 
medium+ Ara-C IL-3+Ara-C 

• AML(!,=8) simultaneous exposure 

150 
« 
Z 
C 100 
C'» 
~ 
'0 50 
E -

0 
Ara-C+medium Ara-C+IL-3 

Fig. 3. Effect of IL-3 on 3H-ara-C DNA incorporation into normal and leukemic bone marrow cells. 
Upper panel, Normal low density bone marrow cells (open columns) and AML blasts (solid columns) 
were cultured at 106 cells/ml in experiments in which a 12 h treatment with IL-3 (20 ng/ml) (or medium) 
was preceded by a 6 h pulse with 3H-ara-C (10 !-1M). Incorporation of 3H-ara-C into DNA was 
quantitated by scintillation counting as described by Bhalla et al. [3]. Lower panel, Analogue 
experiments in which IL-3 and ara-C were both present for the whole culture period of 18 h. Values are 
expressed as fmol/!-Ig DNA and represent the means of three separate sample ± standard errors for 
each group 

events in differentiation were accomplished 
[5,33,24]. 

A different strategy in designing synergis
tic combinations of ara-C and cytokines is 
to make use of the differentiation-inducing 
potential of a number of cytokines in an 
attempt to support ara-C-mediated matura
tion of leukemic cells, thus bringing down 
the self-renewing capacity of leukemic 
blasts. To this end, although GM-CSF by 
itself is able to induce differentiation in 
monoblastic U937 cells [8], there are no 
convincing data that GM-CSF or G-CSF in 
combination with ara-C have any synergis
tic effects on differentiation of leukemia 
cells. In our studies using combined IL-
3/ara-C treatment of leukemic myeloid 

cells, no evidence for features indicating 
generation of a more mature phenotype was 
seen, e.g., expression of differentiation 
markers such as c-fms or myeloperoxidase 
gene expression, or expression of matura
tion-associated surface antigens [5]. An 
important candidate cytokine for this con
cept is the leukemia inhibitory factor (LIF). 
LIF exhibits growth inhibitory effects on 
primary AML cells, most likely due to 
prolongation of the generation time of 
leukemic stem cells [51]. LIFwas also found 
to suppress clonogenicity of HL-60 and 
U937 cells in synergy with GM-CSF and 
G-CSF [38]. 

The effects of a study from our group [6] 
investigating a combined treatment of KG-

135 



Table 1. Effect of recombinant human IL-3 and leukemia inhibitory favour (LIF) on ara-C-induced 
proto-oncogene expression in the myeloblast KG-l cell line and the monoblast U937 cell line 

KG-l U937 

c-fos c-jun c-fms c-fos c-jun c-fms 

Treatment 

ara-C + + + + 
IL-3 + 
ara-C + IL-3 + + + + 
LIF + 
ara-C + LIF + + + + + 

KG-lor U937 cells were cultured in the presence or absence of ara-C (10-7 M), rhIL-3 (20 
ng/ml), rhLIF (100 units/ml), or combinations of ara-C IL-3, or LIP. After the culture period in
dicated below, RNA was extracted and hybridized with cDNAs specific for the c-fos, c-jun, and c
fms oncogenes. Hybridization of c-fos mRNA was performed after 2 h of culture and of c-jun aft
er 6 h of culture; c-fms transcripts were detected 12 h after initiation of cultures. 

1 and U937 cells with ara-C and two differ
ent cytokines are pointed out in Table 1. In 
KG-1 cells, combinations of LIF and ara-C 
and combinations of IL-3 and ara-C were 
equally potent in inducing mRNA expres
sion of the c-fos and c-jun genes that are 
associated with early differentiation. In 
U937 cells, however, LIF but not IL-3 
induced c-fos gene expression. More termi
nal differentiation, as assessed by expres
sion of the c-fms gene, was only achieved 
with LIF/ara-C, but not with IL-3/ara-C. 
CD14 surface antigen expression (as deter
mined by MOl antibody) and the capacity 
of the cells to reduce nitro blue tetrazolium 
(NBT) were synergistically increased by 
simultaneous administration of LIF and 
ara-C (Fig. 4). These findings suggest that 
low-dose ara-C can be effectively combined 
with cytokines in an effort to overcome the 
block in differentiation of AML blasts. It 
appears mandatory to investigate other 
growth factors such as M-CSF and IL-6 in 
this context. 

Alterations by CSFs of other Molecular 
Events that Influence Cytotoxicity 
of Cytostatic Drugs 

Up to now, only very limited attention has 
been paid to mechanisms by which CSFs 
will either augment or diminish the action 
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of chemotherapeutic drugs. One of the 
mechanisms of chemoresistance that has 
been under most profound investigation is 
the multiple drug resistance (MDR) gene 
family, A series of still partly preliminary 
experiments in our group has monitored the 
expression ofP-glycoprotein, the product of 
the MDRI gene, under the influence of 
CSFs such as the ones used in combinations 
with ara-C mentioned above. In experi
ments with vindesine (VDS)-sensitive solid 
tumor cells (pleural mesothelioma cell line 
PXF 1118) expression of P-glycoprotein was 
almost completely suppressed when cells 
were treated with IL-3 in combination with 
VDS, whereas P-glycoprotein was induced 
in a high percentage of these cells when they 
were treated with VDS alone (Fig. 5). To 
what extent characteristics of PXF 1118 cell 
growth and differentiation were also 
affected and whether expression of other 
MDR genes is altered in the presence of 
IL-3 remains to be elucidated. Ongoing 
experiments including leukemic cells inves
tigate the ability of other cytokines to bring 
about alterations in the induction of che
moresistance in vitro. The observation that 
CSFs may profoundly influence the ability 
of tumor cells to acquire chemoresistance 
may bring entirely new and innovative 
aspects into therapy with CSFs. The hope is 
that benefit will result for certain patients 
who may be kept from developing chemor-
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Fig. 4. Effect of leukemia inhibitory factor (LIF) on differentiation of U937 cells in the presence of 
ara-C. U937 cells grown in suspension culture at 10" cclls/ml were treated with either medium alone, 
LIF (100 units/ml), ara-C (10- 7 M), or LIF and ara-C at the same time. After 36 h, cells were washed 
and assayed for their ability to bind an anti-MOl fluorescein labeled antibody by FACS analysis or for 
their ability to reduce the nitroblue tetrazolium reagent (NBT). Results represent the mean values of 
three independent experiments 
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Fig. 5. Effect of IL-3 on P-glyeoprotein expres
sion in PXF 1118 pleural mesothelioma cells. 
Initially vindesine (VDS)-sensitive PXF 1118 
cells, grown to confluence in plastic flasks, were 
treated with medium only, IL-3 (20 ng/ml), VDS 
(0.01 [!g/ml) or a combination of IL-3 and VDS 
for 21 days. P-glycoprotein was assayed by immu
nostaining with MRK16 monoclonal antibody. 
Values represent percentages of enumerations of 
three separate experiments 

esistance by recelvmg CSF therapy. Ex
tended and more fundamental research in 
vitro as well as in vivo will be needed to give 
us the amount of insight into these phenom
ena that is necessary before patients can 
profit from it. 

Clinical use of CSFs in Combination with 
ara-C 

Although several trials using ara-C in com
bination with CSFs have been undertaken, 
only sparse and very preliminary data are 
yet available concerning clinical outcomes. 
Data of a first series of studies combining 
ara-C and GM-CSF in AML therapy are 
summarized in Table 2 [15,46, 7,35]. These 
regimens were all designed to recruit "dor
mant" leukemic stem cells to reenter cell 
cycle and enter S phase and thereby become 
sensitive to ara-C. Forty-six patients have so 
far entered the trials. During the prechemo-
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Table 2. Clinical experience with rhGM-CSF-based cycle recruitment therapy utilizing an ara-
C-containing regimen 

Refer- No. of Diag- Chemo- GM-CSF Onset of Increase in Cell 
ence patients nosis therapy schedule GM-CSF peripheral kinetic 

therapy re- blast counts changes 
lative to (n) (n)a 
chemother-
apy (day) 

Estey 18 de novo ara-C 125 ~g/ -8 13 5 
et al. AML Daunorubi- m2/d s.c. 

cin 
Tafuri 10 AML ara-C 125-250 ~g/ -2 7 7 
et al. Daunorubi- m2/d s.c. or 

cin c.i.v. 
Burke 8 relapsed ara-C 1-5 ~g/kg/ -3 8 8 
et al. AML Daunorubi- d s.c. or c.i.v. 

cin 
VP-16 

Lacombe 10 relapsed ARA-C 3 ~g/kg/d, -2 6 3 
et al. AML m-AMSA 4 h infusion 

c.i.v., continuous intrachenous infusion; m-AMSA, amsacrine 
a cell kinetic measures include: 3H-thymidine uptake, ara-CTP formation, bromodeoxyuridine 

and propidium iodide staining, and measurement of DNA/RNA content. 

therapy period, GM-CSF raised both peri
pheral neutrophil and blast counts. The 
number of blasts in S phase and blast uptake 
of bromodeoxyuridine and 3H-thymidine 
all underwent substantial increases. No 
evidence was reported suggesting uncon
trolled recruitment of leukemia growth or 
prolongation of postchemotherapy bone 
marrow aplasia. Interestingly, Tafuri et al. 
[46] reported that only patients who had 
GM-CSF-related cell kinetic changes expe
rienced CR, whereas patients who had no 
cell kinetic changes did not. More data have 
to be awaited to further assess the effective
ness of these regimes. Based on the first 
experiences using GM-CSF and ara-C, trials 
with combinations of IL-3 and Ara-C in 
AML are now planned. Since it has been 
demonstrated that certain solid tumor cells 
also proliferate in vitro upon stimulation 
with CSFs [2], it seems promising to include 
these types of malignancies in this sort of 
study as well. 

Besides recruiting tumor cells into cell 
cycle, CSFs have also been used in clinical 
trials for assisting ara-C in induction of 
differentiation. Although no in vitro data 
are currently available to show that GM-

138 

CSF and ara-C cooperate in inducing termi
nal differentiation, patients with myelodys
plastic syndrome (MDS) respond in vivo to 
either agent with improvements in blood 
counts [53, 49,1,19,26]. Cheson et al. [10] 
have questioned the use of ara-C as a 
differentiation-inducing treatment modali
ty for MDS. The use of GM-CSF in MDS is 
presently under critical reevaluation since 
responses have been limited mainly to the 
myeloid series and usually disappear upon 
withdrawal of the growth factor [28]. A 
study started very recently by Ganser et a1. 
[18], using GM-CSF/ara-C in patients with 
advanced MDS, reported an increase in 
peripheral neutrophil counts in all nine 
patients who had so far entered the trial, 
and increased platelet counts in six of them. 
Eight patients had achieved a reduction in 
bone marrow blasts and an improved bone 
marrow maturation index (ratio of postmi
to tic to mitotic bone marrow cells). RFLP 
analysis of some of these patients docu
mented stimulation of nonclonal hemo
poiesis, suggesting that differentiation of 
the malignant cell population was induced 
in vivo by GM-CSF/ara-C [20]. 



Conclusion 

In conclusion, in vitro data on synergism of 
hematopoietic growth factors and inhibi
tors of DNA synthesis revealed promising 
results. According to the qualities enabling 
each hematopoietic growth factor to induce 
its individual profile of proliferative and 
differentiative cellular events in tumor cells, 
further in vitro studies will have to explore a 
wider experimental basis that will provide 
the experience to elaborate and optimize 
the therapeutic use of a direct synergy 
between chemotherapeutic substances and 
CSFs. 
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The Effect of Growth Factors on the Sensitivity of CFU·GM 
and CFU·Blasts to Cytosine Arabinoside 

M.A. Smith and J.G. Smith 

Introduction 

With the recent advent of recombinant 
human (rh) cytokines, interest has focused 
on their possible use in association with cell 
cycle specific cytotoxic agents in the treat
ment of haematological malignancy. We 
have evaluated the effect of haemopoietic 
growth factors (rh interleukin-3, IL-3; rh 
granolocyte-macrofhage colony-stunulal
ing factor, GM-CSF; and CM 5637) on 
normal and blast cell progenitors with a 
view to increasing the cytotoxic effect of 
cytosine arabinoside (Ara-C). This study 
incorporates an investigation of the relative 
sensitivity of normal myelodysplastic syn
dromes (MDS) and acute myeloid leukaem
ia (AML) marrow precursors to Ara-C in 
vitro. We investigate the possibility of mod
ifying the susceptibility of these cells to 
Ara-C by pre-incubating them in liquid 
culture with growth factors prior to c1onog
enic culture with the drug. 

Materials and Methods 

Patient Groups 

Marrow was aspirated from the posterior 
iliac crests of patients with MDS (n=5) and 
AML (n=5), and individuals with B 12/fo
late deficiency whose haemopoiesis could 
normalised in vitro (n=18). This latter 
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group comprised the "normal" control mar
rows. 

CFU-GMIBlast Culture 

Light density marrow cells (LDMCs) (sp. 
gr. <0.077), were T-cell-depleted using com
plement-mediated cytolysi.s of CD4 .and 
CD8 populations by a prevIOusly descnbed 
method [1]. T-cell-depleted LDMCs were 
either cultured immediately (day 0), or 
subjected to pre-incubation periods of 6, 
24, 48 or 72 h. This liquid culture was 
performed in Biorich (a ~erum-f~ee c~m
plete medium) alone or wIth the mcluslOn 
of rhIL-3 (5#ng/ml), rhGM-CSF (100# 
units/ml) or CM 5637 (10 % v/v). 

A pre-incubation time ~f 48 h w~s .esta
blished as optimal dunng prehmmary 
experiments so this was the period of time 
selected for assays involving pre-treatment 
with growth factors. Semi-solid culture was 
performed in triplicate using 5.X 104 cells/0.5 
ml well in Dulbeccos medIUm (supple
mented), 20 % foetal calf serum, 0.8 ~o 
me thy \cellulose and GM-CSF (100# um
ts/ml). Colonies were enumerated on day 12 
and in some instances were evaluated mor
phologically by Wright's .staini~g and by 
alkaline phosphatase-antI-alkahne phos
phatase (APAAP), technology using ~PO 
7, a monoclonal antibody which recogmges 
the myeloid lineage. 

Statistical Analysis 

Analysis of significance was performed 
using a two-sample paired t test. 



% SURVIVAL 

Fig. 1 a, b. The effect of Ara-C 
(10-4 '* M to 10-12 '* M) on 
marrow progenitors from nor
mal subjects (n=18) and pa
tients with MDS (n=5) (a) and 
those with AML (n=5) (b) n. 
Numbers of surviving colonies 
are expressed as a percentage 
of control (no Ara-C) and are 
presented as mean values ± 1 
standard error 
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Figure 1 demonstrates that Ara-C across a 
dose range is always detrimental to normal, 
MDS and AML colony formation. The 
responses of MDS and normal marrows 
were similar and consistent while AML 
marrow exhibited variable sensitivity to the 
drug. This may suggest variability in the 
length of cell cycle of AML progenitors 
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from different patients. Table 1 indicates 
that the optimum pre-incubation time 
should not exceed 48 h as CFU-GM survival 
is impaired beyond this point. Pre-incuba
tion with growth factors appears to confer 
greater CFU-GM survival potential than 
with Biorich alone. 

Figure 2 demonstrates the effect of pre
incubation of normal MDS and AML pro
genitors for 48 h with growth factors on 
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Table 1. The effects of liquid phase pre-incubation of LDMCs for 6, 24, 48 or 72 h with Biorich, CM 
5637, GM-CSF, or IL-3 on subsequent CFU-GM colony survival in semi-solid culture. Numbers of 
surviving colonies are presented as a percentage of data obtained from cultures set up at time 0 with no 
pre-incubation 
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Fig. 2 a,b. Marrow sensitivi
ty to Ara-C in semi solid 
culture after 48 h pre-incuba
tion in liquid culture with 
growth factors. a Normal, 
n=18; b MDS, n = 5 
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their subsequent sensitivity to Ara-C. Com
pared with day 0 data (Fig. 1), pre incuba
tion of normal and MDS LDMCs with 
GM-CSF and CM 5637 significantly im
proved the cytotoxic effect of Ara-C, while 
IL-3 did so to a lesser but still significantn 

extent. All data indicate that the optimal 
cytotoxic effect occurred between Ara-C 
concentrations of 10-4 * M (equivalent to 
100 * mgP) and 10-6 M. Biorich induced 
significant resistance to Ara-C in normal 
and MDS marrows. Figure 2 (c) illustrates 
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the variable response of AML marrows to 
Ara-C following the pre-treatment ma
noeuvre. In patient DS, whose marrow was 
relatively sensitive to Ara-C on day 0, 
pre-incubation does not improve cytotoxic
ity. There was a slight but significant 
increase in effect (p<0.05) in marrow from 
patient MW after pre-incubation with CM 
5637, but not with IL-3. Marrow from 
patients KT, WW and TY showed much 
improved susceptibility to Ara-C after 48 h 
in the presence of CM 5637 (p<0.01, 0.01 
and 0.025 respectively). IL-3 caused a less 
dramatic but still significant (p<0.02 and 
0.05) increase in cell toxicity in KTand WW, 
but not in TY. In patients KT and WW 
pre-incubation in Biorich alone promoted 
resistance to Ara-C. 

Discussion 

Problems associated with the use of chemo
therapeutic agents in the treatment of AML 
include failure to obtain complete remis
sion and/or the development of drug resis
tance. The proliferating compartment in 
AML is small [2] with the majority of blast 
cells remaining in Go [3]. Using specific 
growth factors it is possible to induce 
proliferation of AML blasts [4, 5], thus 
potentially increasing blast cell sensitivity 
to cell-cycle specific drugs such as Ara-C. 

Ara-C is considered nowadays as the 
mainstay of chemotherapy for patients with 
AML. It is also an important agent in 
higher grades of MDS. Thus marrow from 
patients within these disease categories was 
included in this study. Since the cytotoxic 
effect of Ara-C is S-phase-dependent, the 
increased cytotoxicity observed in normal, 
MDS and four out of five AML marrows 
following pre-incubation with growth fac
tors suggests that this manoeuvre success
fully induced DNA synthesis to some 
extent in the majority of cases. The data 
indicate that pre-treatment of LDMCs with 
GM-CSF and CM 5637 greatly improved 
the cytotoxic index of Ara-C, with IL-3 
doing so to a lesser but still significant 
extent. Conversely, pre-incubation without 
growth factors appeared to confer resis
tance to Ara-C, possibly as a result of 
clonogenic cells entering Go. 
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The fact that GM-CSF and IL-3 bind to 
common or closely related membrane 
receptors on AML and normal precursor 
cells [6], would be in accordance with our 
observation that both blast cells and CFU
GM progenitors are rendered more suscep
tible to Ara-C after pre-treatment with 
these growth factors. As a consequence, 
pre-treatment of patients with cytokines 
prior to the use of cytotoxic agents should 
be approached with caution due to the risk 
of prolonged pancytopenia resulting from 
increased destruction of normal haemo
poietic stem cells. 

The variability in degree and pattern of 
response to in vitro Ara-C demonstrated by 
AML marrows has also been noted by 
others [7]. This may be due to heterogeneity 
in cell cycle status or in maturation stage of 
the leukaemic progenitor cells. Due to the 
intrinsic differences between AML mar
rows in response to Ara-C with or without 
pre-treatment with growth factors, our 
observations would suggest that in vitro 
assessment of response to such therapeutic 
combinations should be seriously consi
dered. Further research is required to 
define those therapeutic options which will 
maximise blast cell cytolysis whilst minim
ising damage to the normal stem-cell com
partment. 
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Proliferation - Inducing Effects of Recombinant Human 
Interleukin-7 and Interleukin-3 in B-Lineage Acute 
Lymphoblastic Leukemia 

A. Ganser2, M. Eder2, O.G. Ottmann", T.E. Hansen-Hagge", C.R. Bartram2, S. Gillis\ 
and D. Hoelzer l 

Introduction 

Acute lymphoblastic leukemia (ALL) is a 
clonal disorder characterized by derange
ments of self-renewal and differentiation of 
lymphoid precursor cells in the bone mar
row. Corresponding to the inconsistent sti
mulatory effects of the recombinant hema
topoietic growth factors studied to date on 
B-lineage ALL blasts in vitro [1], a repro
ducible culture assay that supports prolifer
ation and maturation of ALL blasts has not 
yet been reported. 

Recently, a new cytokine has been 
defined by its stimulatory effects on DNA 
synthesis in murine pre-B cells from Whith
lock-Witte culture [2]. This stromal-cell
derived cytokine, termed interleukin-7 (IL-
7), has been purified and molecularly 
cloned and the recombinant murine and 
human proteins are now available [3, 4]. 
Since IL-7 also stimulates murine pre-B 
cells from bone marrow [5], murine thymo
cytes, and (as comitogen) matureT-cells [6], 
and induces proliferation of human T-cells 
[7], we investigated (a) whether or not IL7 
could stimulate DNA synthesis in B-lineage 
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ALL blasts in suspension culture, and (b) 
the capacity of IL-7 to induce blast cell 
maturation in vitro. 

Materials and Methods 

Low density peripheral blood (n=lO) or 
bone marrow (n=4) cells were separated 
by Ficoll-Hypaque density centrifugation 
and were classified as precursor-B
ALL(cALL) (n=lO; HLA-DR+/CDlO+ 
/CDI9+/sIg-) or B-ALL (n=4; HLA
DR+/CDlO- or CDlO+/CDI9+/sIg+) [8]. 
All samples were depleted of adherent cells 
before incubation with OKT4, OKT8, and 
OKMI and rabbit complement in order to 
eliminate mature myeloid and T-Iymphoid 
cells. Cells were cultured in Iscove's modi
fied Dulbecco's medium (IMDM), 20% 
fetal calf serum (FCS), 1 % L-glutamine 
and 1 % penicillin/streptomycin supple
mented by IL-7 (50 units/ml, Immunex) or 
IL-3 (50 ng/ml, Behring Werke, Marburg 
and incubated in 96 well plates at 1-2.5 x 
105 cells/well (quadruplicate values). After 
7 days of liquid culture, samples were 
pulsed with 3H-thymidine (1 [lCi/well) for 4 
h and harvested on nitrocellulose filters. 
Thymidine uptake was defined by liquid 
scintillation counting. Cells of responsive 
samples were further characterized by four 
parameter flow cytometry using a panel of 
monoclonal antibodies (moAb) and by 
immunogenotyping in order to monitor 
individual leukemic cell populations prior 
to and after suspension culture. All moABs 
were from Becton-Dickinson (anti-CAL
LA CDlO, Leu 12 CDI9, Leu 16 CD20, 



anti-kappa, anti-lambda, anti-HLA-DR, 
Leu M9 CD33, and anti-HPCA 1 CD34), 
Coulter Clone (My 7 CD 13) , and Medac 
(goat-anti-mouse IgG for indirect immuno
fluorescence staining). After culture one 
sample was incubated with Leu 12 and 
propidium iodide (PI) in order to examine 
viability and CD19 expression in different 
cell populations characterized by their light 
scatter properties. 

Southern blot analysis was performed in 
the way described by Rhagavachar et al. [9]. 
EcoRI and HindIII digests were hybridized 
to a 2.4 kb Sau3a JH probe and BamHI and 
Hind III digests to a 1.3 kb EcoRI C!1 probe, 
as well as a Ck probe to demonstrate Ig gene 
rearrangements. To analyse configuration of 
T-cell receptor genes EcoRI, BamHI and 
HindIII digests were hybridized to a TCR~ 
probe and to a TCRy probe, and HindIII 
and BglII digested DNA was hybridized to 
the TCRb probe JSSI6 • 

Results and Discussion 

The stimulation indices (SI), as defined as 
cpm of the sample/cpm of control, are given 
in Table 1. With an arbitrary cut -off of an SI 
value> 5, four out of ten cases of presursor
B-ALL (cALL) (samples 5, 7,8, and 9) and 
one out offour cases of B-ALL (sample 14) 

were stimulated by IL-7. IL-3 stimulated 
DNA synthesis in five out of nine cALL and 
three out of four B-ALL samples. In the 
cALL samples responsive to IL-7, IL-7 was 
more potent than IL-3 in two cases (samples 
8 and 9), whereas IL-3 was more effective 
than IL-7 in all examined B-All samples. 

To further define the nature of prolifer
ating cells and the maturation stage of the 
leukemic blasts, samples 6, 8, 9, and 14 
were analyzed by fluorescence activated 
cell sorter (FACS) and Southern blot ana
lysis prior to and after liquid culture. Table 2 
summarizes the results of immunopheno
typing, and Fig. 1 presents the analysis of 
sample 14. Analysis gates were fitted to 
light scatter properties of PI negative cells 
in order to gate preferentially viable cells 
after liquid culture. Case 6 which was 
Ph-positive revealed a marked increase in 
the percentage of CD33 and CD13 positive 
cells at day 7, suggesting that nonlymphoid 
cell populations preferantially proliferated 
during suspension culture. In sample 8 a 
decrease of CD34 and CD19 expression and 
of the percentage of CDlO/CD19 double 
positive cells was detectable, while the 
percentage of CD20 positive cells was 
unchanged. Case 9 revealed a decrease in 
CD34 positive cells, but CD19 expression 
was unchanged and CDlO/CD34 double 
positive cells were detectable after 7 days of 

Table 1. Stimulation indices (SI) of ALL blasts stimulated by IL-7 and IL-3 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Diagnosis 

cALL 
cALL 
cALL 
cALL Ph 
cALL 
cALL Ph 
cALL 
cALL 
cALL 
cALL 
B-ALL 
B-ALL 
B-ALL 
B-ALL 

U, unit; Ph, Philadelphia positive 

IL-7 (50 U/ml) 

1.5 
2.6 
3.3 
1.3 
5.1 
2.3 

15.8 
5.9 

53.6 
3,4 
1.8 
2.6 
1.5 
8.9 

IL-3 (50 ng/ml) 

1.5 
nd 
0.6 
1.8 
6.7 
6.8 

25.5 
1.5 

37.1 
45.1 

3.5 
9.2 

15.6 
18.3 

Mean SI of quadruplicate cultures (cpm of sample/cpm of control). cpm of control were < 850 in 
all examined cases. 
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Table 2. Surface marker analysis prior to and after suspension culture of ALL samples 

Sample" Antigen Day 0 Day 7 

6 cALL CD34 11 54 
CD33 3 43 
CD 13 <1 75 

8 cALL CD34 24 9 
CDl9 69 45 
CD20 36 41 
CDlO/CDI9 69 37 

9 cALL CD34 96 75 
CDl9 68 64 
CD20 6 4 
CDlO/CDl9 63 47 
CDlO/CD34 92 42 

14 B-ALL CD34 <1 <1 
CD19 14 57 
CD20 72 82 
sIg kappa 36 <1 

%positive cells 
a samples 8, 9 and 14 were stimulated by IL-7 (50 units/ml), and sample 6 by IL-7 (50 units/ml) 

combined with IL3 (50 ng/ml) 

liquid culture suggesting proliferative po
tential of B-lineage-restricted cells. A net 
increase of CD19 positive cells (data not 
shown) combined with the lack of surface 
bound Ig-kappa light chains was found in 
case 14 suggesting proliferation of B
lineage-restricted cells during the culture 
period. The lack of surface bound Ig-kappa 
light chains and the consistent pattern of Ig 
recombination prior to and after liquid 
culture (see below) suggest that leukemic 
transformation occurred at a maturation 
level preceding B-cell stage. Maturation 
induction, e. g., expression of surface-

Table 3. Immunogenotype of ALL samples 

Sample Phenotype Rearrangement 

6 cALL Ph IgH, TCRo 
8 cALL IgH, TCRy, TCRo 
9 cALL IgH, TCRy, TCRo 

14 B-ALL IgH, Ig 

bound Ig after liquid culture was not detect
able in any of the examined cases. 

As indicated in Table 3, the immunoge
notype corresponded to the immunopheno
type of the examined cases. In order to 
monitor individual leukemic cell popula
tions defined by specific molecular genetic 
markers, cells were analysed prior to and 
after liquid culture. In cases 9 and 14, IL-7 
and IL-3 induced almost exclusively proli
feration of the leukemic cell clone as indi
cated by the consistent pattern of the Ig 
recombination pattern prior to and after 
liquid culture. In samples 6 and 8, nonleu-

Proliferative populationa 

Nonleukemic 
Nonleukemic 
Leukemic 
Leukemic 

a Proliferation of the leukemic cell clone was concluded from the consistent pattern of Ig recom
bination observed prior to and after liquid culture 
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Scatter profile of sample 14 (B-ALL) before (A, B, C) and after (D, E, F) in vitro culture with 
II3+IL-7+IL-6 for seven days. Only the more immature, kappa-negative B-cells persisted in 
culture. 

kemic cell proliferation associated with the 
generation of CD33 and CD 13 positive cells 
(case 6) and detection ofBFU-E and CFU
GM (case 8, data not shown) was observed 
after liquid culture when cultures were 
stimulated by IL-7 or IL-3. The detection of 
nonleukemic cells generated during suspen
sion culture with IL-7 or IL-3 therefore 
underlines the necessity to exactly define 
the nature of proliferating cells in respon
sive samples. 

We conclude that IL-7 and IL-3 can 
stimulate proliferation of leukemic cells in a 
subset of B-lineage restricted ALL without 
evidence of concurrent maturation induc
tion. However, additional growth factors 
which could be provided by stromal cells are 
required to improve the in vitro culture of 
ALL blasts. 
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Interleukin-l Production by Mononuclear Cells and Natural Killer 
Cell Activity in Children with Acute Lymphoblastic Leukemia 

A. Chybicka1, J. Boguslawska-Jaworska1, W BudzyIiski2 , Cz. RadzikowskF, 
and W. Jaworski3 

Introduction 

Interleukin 1 (IL-l) plays a major role in the 
response to infection, in inflammation, and 
in every immunological challenge. Over the 
past 10 years a variety of additional activi
ties, especially of purified IL-l on various 
target cells in vitro, has been reported [1]. 
As shown by Shirakawa et al. [2], IL-l 
enhances also natural killer (NK) cell cyto
toxic effect and proliferation. Expression of 
IL-2 receptors on NK cell surface can be 
regulated by IL-l [3]. [4] Although IL-l acts 
directly on many immunocompetent cells 
its role in malignant diseases has not yet 
been extensively explored [5]. We have 
previously reported apparent deficiency of 
IL-l production by mononuclear cells of 
children with acute lymphoblastic leukemia 
(ALL) during the whole period of cytostat
ic therapy [6]. 

The of the current investigation was to 
discover whether a relationship exists 
between NK cell function and the IL-l 
decreased level in children with ALL before 
any treatment, during and after completing 
chemotherapy, and in disease-free children 
(during the period 1-24 months). 
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Material and Methods 

Our patient population included 60 child
ren with ALL aged from 1 to 15 years 
(median 6 years) treated in the Department 
of Hematology and Oncology, Medical 
Academy, Wroclaw during the period 
1988-1991. Nineteen healthy children in 
the same age group served as controls for 
IL-l level examinations and 12 for NK cell 
count and cytotoxic activity in vitro studies. 
The ALL children were treated according 
to BFM protocols [6]. 

The initial characteristics of ALL child
ren are presented in Table 1. 

Heparinized vein blood samples were 
drawn from children at different stages of 
their disease: at the time of diagnosis, 
during therapy (from induction through 
consolidation to supportive remission ther
apy), and after completing the course of 
therapy. 

Mononuclear cells were isolated on Lym
phoprep (Nesco) gradient. Mononuclear 
cells for determination of NK cell numbers 
were incubated for 30 min with fluorescein 
conjugated with monoclonal antibody 
(CD I6) from Becton-Dickinson. After three 
subsequent washes slide preparations were 
made and examined using a fluorescent 
microscope. For cytotoxic in vitro assay a 
conventional 51Cr release method was used 
[7]. Briefly, 0.5 # x # 1()4 K-562 erythro
leukemic cells radiolabeled with 51Cr were 
added in 0.1 ml volume to serial dilutions of 
peripheral blood on microplates (Plas
tomed). Triplicate cultures were maintained 
at 37 0 C in a humidified atmosphere con-



Table 1. The initial characteristics of ALL children 

n 

Total 60 

Sex 22 
Girls 
Boys 38 

Age (years) 
<2 4 
2-10 44 
>10 12 

Risk groups 
Low 15 
Middle 38 
High 7 

Duration of observation 
Range 1-34 months 
Median 18 months 

tammg 5 % CO2 in air for 4 h. After 
incubation, the supernatants were removed 
and measured in a gamma scintillation 
counter. The percentage of cytotoxity was 
calculated according to the formula: 

experimental cpm. - SR cpm 0 
-~----"--------"--- x 1 0, 

MR cpm-SR cpm 

where SR indicates spontaneous release of 
51Cr and MR indicates maximal release of 
51Cr. # Lytic units (LU), defined as the 
number of effector cells required to lyse 
1000 target cells (LU (20 %1106 cells) were 
calculated according to a computer method 
described by Pross [8]. The method of IL-l 
level determination described by Zimecki 
and Wieczorek [9] was used. It is based on 
IL-l dependent reduction of the number of 
thymocytes forming autologous rosettes. 
Mononuclear cells were counted, resus
pended in Eagle medium containing 10 % 
fetal calf serum (FCS) and placed in an 
incubator at a concentration of 2 x 106 

cells/ml; after 24 h of incubation the super
natants were removed. The thymocytes, in 
number 101 cells/1.8 ml of RPMI, supple-

% n % 

19 

36.6 8 42.1 

63.3 11 57.9 

6.6 
73.3 14 73.6 
20 5 26.3 

25 3 15.7 
63.3 12 63.1 
11.6 4 21 

mented by 10 % FCS and antibiotics, were 
incubated with 0.2 ml of supernatant, at 
various dilutions for 24 h in CO2 incuba
tor. 

The Rosette Assay 

The cells were resuspended in a concentra
tion of 3 x 106 cells/ml in Eagle medium 
supplemented by 10 % mouse serum/preab
sorbed with syngeneic erythrocytes. To 0.1 
ml of the cell suspension 0.1 ml of 12 % 
syngeneic erythrocytes was added, and 
mixed and centrifuged for 5 min at 200 g at 
4°C. After 24 h incubation at 4°C, 0.5 ml of 
Hank's medium and 0.1 ml of 0.1 % acrid
ine orange solution were added; the cells 
were then gently resuspended and kept in 
an ice bath. The percentage of autologous 
rossettes formed by thymocytes from 2 
months CBA mice were counted and the 
number varied from 28 %-33 %. Control 
samples consisted of referential r-IL-l dilu
tion. All the results were expressed in units 
ofIL-l. One unit ofIL-l inhibited 50 % of 
rossette formation. 
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Fig. I. Interleukin-l (IL-l) production, natural killer (NK) cell number, and activity in children with 
ALL during cytostatic therapy (median values). BT, before treatment; OT, on cytostatic treatment; 
AT, after treatment 

Results 

The interleukin-1 production by cells from 
leukemic patients before chemotherapy 
ranged from 4 to 64 units, the median value 
being 18.4 units. This value was lower than 
thatof the control group (2-64 units median 
28 units). 

Before .initiation of treatment analysis 
revealed a significant decrease in NK cell 
count as compared with the control group 
value (median 48/mm3 versus 202/mm3). 

Similarly, the NK cells' cytotoxic activity 
was lower than that of the control group 
(median 0.48 LV versus 4.9 LV). 
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The striking decrease in IL-1 production 
was observed during the whole period of 
chemotherapy as compared to the control 
group (median 8 V versus 28 V). After a 
prednisone pretreatment phase the median 
value was 0 V, and after intensive multidrug 
induction the median value was 4 units; 
during remission maintenance therapy this 
value was 8 V (data not shown). At the 
same time the decrease in NK cell number 
to the median value of 15.9//mm3 was 
observed. The median value of NK cells' 
cytotoxic activity (0.58 LV) analysed dur
ing chemotherapy was similar to that found 
before treatment was started. 



Table 2. lnterieukin-l (IL-l) production and (natural killer) (NK) cell activity in children with ALL 
treated according to BFM protocols. p = 0.05 - IL production results; m, median 

Examination 
performed 

II-I production 
units 

Mononuclear 
cells/mm' 

NK activity, lytic 
units 

NK/mm3 

Before 
treatment 
n=lO (IL-l) 
n=8 (NK) 

x, 28.7 
0,20.7 
m, 18.4 

x, 6233 
0,8304 
m,3600 

During x, 10.4 x, 995 
cytostatic 0, 11.5 O. 598 
therapy m, 8 m, 830 

x, 1.75 
0,2.9 
m,0.48 

x 0.8 
0,0.6 
m,0.58 

x, 76 
0, 60.2 
m, 48 

x 38 
0, 64 
m, 15 

from (induction therapy to supplement remedial treatment) 
n = 46 (IL-l) 
n = 8 (NK) 

After x,14.1 x, 1891 
treatment 0,17.1 X, 1013 
n=lO (IL-l) m, 8.3 m,2100 
n= 8 (NK) 

Control x,29.42 x,2300 
group 0,13.5 0, 200 
n=19 (IL-l) m,28 m,2ooo 
n=12 (NK cells) 

II production results, p=O.05 NK cells activity n.s. 

The examinations performed in children 
after therapy revealed an increase in IL-1 
production (median 8.3 units without 
reaching the initial value. In the same 
period the increased value of NK cell 
numbers (median 399/mm3) and NK activi
ty (median 11.58 LV) was observed. 

Concluding Remarks 

A number of reports have shown reduced 
NK activity in patients with hematologic 
malignancies [7, 13, 14]. In the present 
study we have investigated the NK activity 
in children with ALL before, during, and 
after cessation of chemotherapy. # The NK 
activity in children before and during treat
ment was found to be depressed as com
pared to the control group (0.48 LV and 
0.58 LV versus 4.9 LV respectively). Simi
larly the number of NK cells/mm3 in leu
kemic children was severely decreased in 
comparison with control values. The reason 
for down-regulation of NK activity in 

x, 28.62 x, 303 
X, 29 0,139 
m,I1.58 m,399 

x, 7.27 x, 181.78 
0, 5.3 0,150 
m, 4.9 m,202 

untreated cancer patients is still not com
pletely elucidated al though there are many 
data implicating the role of suppressor cells, 
prostaglandins, exhaustion of lytic func
tion, inhibition of IL-2 production, etc [11]. 
After cessation of chemotherapy both NK 
cell activity and numbers were found to be 
highly elevated. It has been demonstrated 
in others reports [13, 14] that NK activity 
after completion of chemotherapy was to 
some extent comparable to the control 
values. In our studies including small num
bers of patients (eight) it seems that high 
lytic activity and the number of NK cells 
could be explained by concomitant infec
tion with hepatitis B virus recorded in some 
of the children. 

Our studies showed that the level of IL-1 
production in leukemic children before 
treatment was lower than that of the control 
group (18.4 V versus 28 V). This level 
remained lowered in children during cyto
toxic treatment and may have been 
influenced by cytostatic drugs. However, 
after cessation of chemotherapy there was 
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still a decreased level of IL-l [15]. This low 
level of IL-l in children before and during 
treatment corellated well with down-regu
lation of NK cell activity. Perhaps IL-l can 
be regarded as one of the factors responsi
ble for NK activity in children with ALL. 
The studies of Shirakava et al. [2] showed 
that incubation of large granular lympho
cytes (LGL) with IL-l enhances the induc
tion of IL-2 receptors on them in a doese
dependent manner. Data obtained by 
Lange et al. [12] indicated that IL-l exerted 
additive effect to IL-2 in generation of lytic 
activity of phagocyte-depleted non-adher
ent low density mononucleear cells in in 
vitro culture. However, the role level of IL-l 
after successful chemotherapy needs futher 
study and observation. 
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Lymphokine Combination Vectors: 
A New Tool for Tumor Vaccination in Leukemias/Lymphomas 

B. Gansbacher and E. Gilboa 

Introduction 

Previously, we have shown that CMS5, a 
fibrosarcoma, could be induced to secrete 
lymphokines into the immediate surround
ings of the tumor cells following transduc
tion with the interleukin-2 (IL-2) or mouse 
interferon gamma (IFN-gamma) gene, 
resulting in a potent antitumor immune 
response [1, 2]. To explore this system in 
detail an appropriate animal model, analo
gous to human tumors which are essentially 
nonimmunogenic, is required. Since CMS5 
is immunogenic and generates a cellular 
immune response it is not by itself ideal for 
this purpose. On the other hand, the 
murine B cell lymphoma 38C13, produced 
in a C3H/eB mouse depleted of T-cells is 
weakly immunogenic and expresses an idio
type which essentially constitutes a tumor 
specific marker. This idiotype has been 
studied in detail and used in immunothera
peutic models to induce antitumor respones 
[3-5]. While both humoral and cellular 
immune responses are important in vivo for 
resistance to tumor growth, in the 38C13 
system the cellular antitumor immune res
ponse has been quite suboptimal [6]. We will 
use these genetically modified malignant 
B-lymphocytes, which we have transduced 
with lymphokine genes using retroviral 

Department of Hematology/Lymphoma and 
Molecular Biology, Memorial Sloan Ketterin 
Cancer Center, New York, USA 
* This work was supported in part by funds from 
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gene transfer, to generate specific cytotoxic 
T-cells in vitro and a cellular antitumor 
response in vivo. Our findings in the CMS5 
system provide a rationale for the hypothe
sis that lymphokine gene transfer may be 
successful in enhancing the host's antitu
mor response to 38C13. 

Results 

Generation of Tumor Cell lines Expressing 
IL-2 or Interferon Gamma 

Figure la, b shows the retroviral vector 
constructs that were used to introduce and 
express the human IL-2 and IFN-gamma 
genes into tumor cells. The retroviral vec
tors used in this study were derived from 
Moloney murine leukemia virus (MLV) and 
are based on the high titer N2 retroviral 
vector, which also contains the bacterial 
neomycin resistance (neo) selectable gene 
[7]. Vector DNA was converted to corres
ponding virus using established procedures. 
Briefly, vector DNA was transfected into a 
packaging cell line, and neomycin-resistant 
colonies were selected with G418. Drug
resistant colonies were isolated and ex
panded to cell lines, and virus-containing 
cell-free supernatant was used to infect 
38C13 cells. G418-resistant colonies were 
isolated and expanded to cell lines for 
further analysis. However, prior to infec
tion it was necessary to assess the intrinsic 
G418 resistance of the 38C13 cells. These 
cells (quantity: 1 x lO-'/ml) were placed in 
0.25, 0.5, 0.75, and 1.0 mglml of G418 in 
complete medium (RPMI 1640 medium 
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Fig. la, b. Structure ofthe retroviral vectors containing the human IL-2 (a) or the mouse IFN-gamma 
(IFNg) gene (b) (for additional details see [1] and [2]) 
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supplemented with 10 % fetal calf serum 
(FCS) , 2 Jl8 mM glutamine, 100 units/ml 
penicillin, 100 Jl9 ug/ml streptomycin, and 
5xlO-5 M 2-ME). Cells were checked for 
viability with trypan blue and resuspended 
in new G418-containing medium every 2 
days. At a G418 concentration of 0.5 
mg/ml, 100 % of uninfected cells were dead 
by day 10 and this G418 concentration was 
chosen for all further infections. Once we 
knew the G418 concentration required for 
selection, the cells were infected with four 
IL-2, two IFN-gamma and one adenosine 
deaminase (ADA) recombinant virus, since 
it was not possible to predict which con
struct would work best in these cells. The 
ADA virus, deoxycorticosterone acetate 
(DCA), serves as our negative control. The 
amphotrophic viruses, N2IIL-2, DCITKIL-
2, N2/CMVIL-2, N2ITKIL-2, DCIIFN
gamma, N2/CMVIFN-gamma, and DCA 
(Fig. 1 a, b), were used to avoid interference 
from endogenous ecotropic viruses in 
38C13 cells. For infection, 38C13 cells were 
resuspended at 1 x 105 cells/ml, centri
fuged, and resuspended in I-ml virus-

containing complete medium containing 8 
mg/ml of polybrene. Polybrene is believed 
to facilitate virus adhesion to the cell sur
face. One sample of cells, to serve as an 
uninfected control, was resuspended in 
complete medium containing no virus and 
another was used in a mock infection with 
medium containing 8 mg/ml of polybrene, 
but no virus. After overnight incubation, 
the cells were resuspended in fresh com
plete medium for 48 h to allow cell prolifer
ation which is important if viral integration 
is to occur. The uninfected control did not 
get any G418 and served in this way as a 
control for normal cell viability and proli
feration. All other samples were grown in 
medium containing 0.5 mg/ml G418. The 
mock infected cells were used as the indica
tor of the G418 effect. Since virus integra
tion is stable, once all mock infected 38C13 
cells had died in the G418-containing 
medium the virus infected cells could be 
expanded in complete medium without 
G418. Appropriate integration of the pro
virus into the cell genome was assessed by 
Southern blot analysis using the restriction 
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Fig. 2. Southern blot analysis 
of the structure of the proviral 
DNA in 38C13 cells infected 
with the cytokine - carrying 
vectors. The proviral DNA was 
excised from the host genome 
by digestion with KpnI which c: 
cuts once in the viral LTRs. As g 
a size control, the appropriate c.:I 
cytokine-containing plasmid a; 
which was digested with the c.:I 
same enzyme was used. Of note 
is that the IL-2 and the IFN
gamma cDNAs are of similar 
size; consequently only one 
plasmid was used as a size 
marker. Hybridization was per
formed with a neospecific 
probe 
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enzyme KpnI which cuts in both viral LTRs 
and therefore excises the provirus from the 
host genome. This is done to exclude rear
rangements and to ensure appropriate inte
gration of the provirus into the host DNA. 
DNA from uninfected 38C13 cells served as 
the negative control. To check for the 
expected band in the infected 38C13 cell 
DNA we ran the appropriate vector-con
taining plasmid which was used to generate 
the recombinant virus side-by-side with the 
test samples on an agarose gel. Following 
transfer, hybridization was performed using 
the neomycin probe, since that gene is 
located between the proviral LTRs and 
normally is not present in mammalian cells 
(Fig. 2). 

Expression of the IL-2 gene in 38C13 cells 
transduced with the retroviral vectors was 
determined by measuring the secretion of 
the corresponding cytokine into the cell 
supernatant using an appropriate bioassay, 
and confirmed by an enzyme-linked immu
noabsorbant assay (ELISA) test. Clonal 
isolates of 38C13 cells were found to vary in 
their ability to express and secrete the IL-2 
and IFN-gamma gene products depending 
on the retroviral vector used. Secretion of 
human IL-2 or mouse IFN-gamma from 
38C13 cells had no discernible effect on cell 
morphology or on growth rate in culture 
when compared to parental 38C13 cells 
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transduced with the control DCA vector 
(data not shown). These results underscore 
the importance of retroviral vector design 
and choice of expression system, and pro
vide an opportunity to test the effects of 
varying the level of cytokine production on 
the biological system under study. 

MHC Class I Expression of Cytokine 
Producing 38CI3 Cells 

Studies have shown that treatment of highly 
tumorigenic cells with IFN-gamma led to a 
significant decrease in their tumorigenicity, 
presumably due to the induction of MHC 
class I gene expression [8]. In order to see 
whether a similar mechanism could account 
for the observed antitumor effect of IFN
gamma-producing 38C13 cells, quantitative 
analysis of MHC class I gene expression on 
the cell surface of parental 38C13 and 
cytokine-producing counterparts was per
formed by indirect immunofluoresence 
staining and analysis using a fluorescence
activated cell sorter (FACS). The results of 
such an experiment (Fig. 3) showed that 
even though parental 38C13 cells, as well as 
IL-2-producing cells, already express high 
levels of MHC class I molecules on the 
surface, MHC class I expression in 38C13 
cells transduced with PBC/IFN-gamma 

Fig. 3. MHC class I expression on parental and 
cytokine-secreting 38C13 cells. Live cells were 
labeled with an MHC class I monomorphic 
monoclonal antibody (ATCC.TIB 126) followed 
by fluorescein isothicocyanate-conjugated affini
ty-purified goat anti-rat IgG (GaR-FITC), and 
analyzed with an Epics V fluorescence-activated 
cell sorter (FACS) (Coulter Electronics, Inc.). 
As a control, 118 specific antibody was omitted 
from reaction with 38C13 cells. Of note is that 
38C13 cells infected with the IL-2-carrying vector 
did not show any upregulation of class I expres
sion 



(identical to N2/CMVIIFN-gamma) was 
upregulated above this background. 

Discussion 

When CMS5 cells were transduced with the 
IL-2 or IFN-gamma gene, delivery of these 
lymphokines to the tumor site had a dra
matic effect on the outcome of the antitu
mor response against a normally lethal 
tumor, supporting our starting hypothesis. 
We showed that local secretion of IL-2 or 
IFN-gamma abrogated the tumorigenicity 
of the cytokine producing CMS5 cells and 
induced a long-term protective immune 
response against a subsequent tumor graft 
[1, 2]. Expression of MHC class I antigen 
increased 10 to 30-fold on the cell surface of 
IFN-gamma, but not IL-2 producing cells, 
which may explain their increased immuno
genicity. In vitro analysis of spleen-derived 
cytotoxic T-cell activity against CMS5 cells 
indicated that IL-2 or IFN-gamma produc
ing tumor cells prevented the establishment 
of tumor specific immunosuppression and 
were also capable of circumventing an exist
ing state of immunosuppression [1, 2]. By 
choosing a tumor cell-line such as 38C13 
with a well defined tumor antigen, it should 
be possible to extend these results so that 
they may be more relevant to the human 
setting. In addition, it should enable us to 
dissect the antitumor response in detail, 
permitting us to understand the underlying 
mechanism and optimize its potential appli
cation. 

38C13 tumor cells express complement 
receptors, FcR, surface Ig and la. Most 
relevant to our work, extensive studies have 
shown the idiotype expressed by these cells 
can be used as a target for immunotherapy. 
Immunization with the idiotype hase led to 
tumor rejection, although the response was 
weak and could be overcome by increasing 
the tumor cell number used in the chal
lenge. Because of the weakness of the 
response, anti-idiotypic therapy has been 
shown to benefit from the addition of IL-2 
[5], IFN [4], and cytoxan [9], curing in some 
cases even mice which had established 
tumors. Unfortunately, idiotypic variants of 
38C13 have been observed by immunosel-

ection with anti-idiotype monoclonal anti
body (MAb). Sequencing of the V region of 
the heavy and light chain has shown that the 
idiotypic heterogeneity which allowed the 
tumor to escape the immunotherapy arose 
as a consequence of alternative light chain 
rearrangements rather than point muta
tions [3]. Our system should enable a 
response even against these mutants by 
generating heterogeneous T-cell lines which 
are specific for a multitude of peptides 
expressed by this idiotype. 

Our data demonstrate that retroviral 
vectors can be used to introduce the IL-2 or 
IFN-gamma gene into leukemia/lymphoma 
cells. With the exception of NAT/IFN
gamma/38C13 (identical to DC/IFN-gam
ma/38C13) in lane 5 (Fig. 3) all proviruses 
are of the appropriate size and not rear
ranged. The IFN-gamma secreting 38C13 
cells showed upregulation of MHC class I 
expression and the 38C13 cells infected 
with the IL-2-containing vector secreted 
significant amounts of recombinant IL-2. 
Since IL-2 exerts its biological effect on the 
lymphocyte effector popUlations while 
IFN-gamma does so on the tumor cell 
population, lymphokine combination vec
tors have been constructed. We are now in 
the process of converting these vectors to 
hybrid viruses. In all further experiments 
those vectors will be used as well. The 
objective of these future studies will be to 
investigate whether the local secretion of 
cytokines, IL-2 and IFN-gamma, from the 
genetically modified 38C13 cells will induce 
a cellular anti-idiotypic immune response in 
vivo and thereby decrease or abolish their 
tumorigenicity. Like antigen vaccination 
approaches, this strategy would prevent 
clonal expansion of tumor cells carrying this 
specific idiotypee. These experiments are 
now underway. 
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Regulation of Erythropoietin Production in Patients with 
Myelodysplastic Syndromes 

C. Aul, A. Heyll, V. Runde, M. Arning, and W. Schneider 

Introduction 

Preleukemic syndromes or myelodysplastic 
syndromes (MDS) comprise a heterogen
eous group of acquired bone marrow dis
orders, probably resulting from malignant 
transformation of a multipotent hemato
poietic stem cell [1, 2]. In the elderly they 
are rather common diseases. Analysis of 
our own data referring to the population of 
Dusseldorf (Germany) yields an age-spe
cific incidence rate of about 25/100 per year 
in people over the age of 70 [3]. Hallmarks 
of MDS include ineffective hematopoiesis, 
hypercellular bone marrow, and peripheral 
blood cytopenias [4]. In the majority of 
cases the etiology remains unkown. 

Although MDS appears to arise from a 
muItipotent stem cell, the initial hemato
logical picture is dominated by abnormali
ties of the erythroid lineage, including 
hyperplasia and prominent dysplastic fea
tures. These early phases of the disease are 
almost always associated with anemia, 
whereas the peripheral granulocyte and 
platelet counts may be normal or even 
increased [5, 6]. With progression of MDS, 
granulopoietic cells gradually replace ery
thropoiesis and the bone marrow displays 
increasingly malignant features. Interest
ingly, a similar sequence of proliferation 
and maturation defects of hematopoietic 
cells has been observed during experimen-
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tal induction of leukemia in animals [7]. The 
mechanism by which MDS evolves from an 
erythroid to a myeloid phenotype has not 
been clarified, but it may reflect an altered 
response of medullary precursor cells to 
hematopoietic growth factors or other cyto
kines. To study the role of erythropoietic 
growth factors in preleukemia, we deter
mined the serum concentrations of erythro
poietin (Epo) in 46 patients with primary or 
secondary MDS. 

Patients and Methods 

Patients 

Forty-four patients (22 male, 22 female) 
with primary MDS and two patients (both 
female) with secondary (radiotherapy
induced) MDS were examined. Their 
median age was 68 years (range 7-88). The 
criteria proposed by Bennett et al. [8] 
constituted the basis for morphological 
classification of MDS. Diagnoses were 
refractory anemia (RA) in four, RA with 
ring sideroblasts (RARS) in nine, RA with 
excess of blasts (RAEB) in nine, RAEB in 
transformation (RAEBIT) in nine, and 
chronic myelomonocytic leukemia 
(CMML) in 12 cases. Three additional 
patients were studied after evolution of 
MDS to overt leukemia (MDS/AML). Of 
the 46 patients, 39 were anemic (median 
hemoglobin concentration 9.3 g/dl; range 
5.7-14.6 g/dl) and 22 had leuko- and/or 
thrombocytopenia. In all cases examined, 
serum creatinine levels were within the 
normal range (::; 1.2 mg/dl). Before enter-
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ing the study, none of the patients had 
received red blood cell transfusions or any 
other therapy for MDS. Infections, hemor
rhages or other malignant diseases which 
may have interfered with the Epo measure
ment were not present at the time of 
investigation. 

Hematological Methods 

Standard methods were used for measure
ment of hemoglobin concentration, red cell 
indices, reticulocyte count, serum ferritin 
and lactate dehydrogenase (LDH). Bone 
marrow smears were routinely stained with 
Pappenheim, Prussian blue and periodic 
acid Schiff (PAS). To determine the percent
age of erythroid cells, at least 500 nucleated 
bone marrow cells were examined. We 
further tried to assess the degree of dysery
thropoiesis by using the following criteria. 
Marked dysplasia was defined by the pre
sence of gross morphological abnormalities 
(multinuclearity, giant forms, karyorrhexis, 
nuclear budding, megaloblastic transforma
tion, and positive PAS reaction) in more 
than 80 % of the erythroblasts. Mild dyser
ythropoiesis was defined by the presence of 
nuclear cytoplasmic asynchrony or subtle 
megaloblastic changes in less than 30 % of 
the erythroblasts. Intermediate cases were 
classified as having moderate dyserythro
poiesis. 

Epo Measurement 

Serum Epo levels were measured by a 
competitive binding disequilibrium ra
dioimmunoassay (Epo-Trac 1251 RIA, Inc
star, Minnesota, USA). Using this assay, 
the normal range of immunoreactive Epo in 
21 healthy adults (age range 21-84 years) 
was 15.3 ± 8.7mU /ml(mean ± SD). Serum 
samples were kept frozen at - 20°C until 
measurement. 

Results 

Estimates of serum Epo for the whole 
group of MDS patients ranged from 12 to 
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4530 mU/ml. Compared with normal 
adults, 39 (85 %) out of 46 patients had 
increased serum Epo values. We observed a 
considerable variation of Epo titers in all 
morphological categories, and although 
patients with RA and CMML tended to 
have the lowest levels, no clear-cut correla
tion between Eop activity and FAB subtype 
was noticed. In accordance with these find
ings, the measured Epo levels were not 
significantly related to the medullary blast 
cell count. 

Figure 1 illustrates the relationship 
between serum Epo activity and hemoglo
bin concentration. Although both parame
ters were found to be inversely correlated (r 
= - 0.35; p = 0.02), Epo titers differed 
markedly between patients at comparable 
degrees of anemia. For example, in five 
patients with a hemoglobin concentration 
of 7 g/dl, the measured Epo levels ranged 
from 61 to 4530 mU/ml. We further identif
ied four anemic patients (hemoglobin con
centration 8.3-11.1 g/dl) with unexpectedly 
low Epo levels (12-24 mU/ml) as well as 
rare cases without anemia in whom Epo 
titers were significantly increased. As 
shown in Fig. 2, we also noted a significant 
relationship between circulating Epo levels 
and the mean corpuscular volume (MCV) 
of the erythrocytes (r=0.38; p=O.01). 

Besides the degree of anemia, the proli
ferative activity of the erythroid marrow 
may be an important factor influencing the 
serum Epo concentrations. In our study, 
however, no clear relation between red cell 
mass and Epo activity was found (Fig. 3). 
On the other hand, we observed striking 
differences in Epo titers when patients were 
analysed according to their degree of 
medullary dyserythropoiesis (Fig. 4). Pa~ 
tients with mild qualitative changes of ery
throblasts had significantly lower serum 
Epo levels (median, 33 mU/ml) than those 
presenting with moderate or svere dysery
thropoiesis (212 and 913 mU/ml, respec
tively) (p<0.005). Other parameters inves
tigated in this study (e.g., reticulocyte 
count, LDH, ferritin, and percentage of 
ringed sideroblasts) were not found to be 
correlated with the Epo response. 
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Fig. 1. Relationship between serum erythropoietin and hemoglobin concentrations in 46 patients with 
MDS (r = -0.35; p=0.02). 
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Discussion 

Ineffective erythropoiesis with reduced 
production of erythrocytes is an early fea
ture of MDS. The precise cause underlying 
the disturbed red cell proliferation and 
maturation in the bone marrow is presently 
unknown. It has been suggested that 
altered production of, and marrow cell 
response to, growth regulatory factors con
tribute to pathogenetic mechanisms in 
these disorders [9]. By measuring the serum 
levels of immunoreactive Epo in a large 
group of nontransfused patients, we tried to 
obtain more information on erythropoietic 
control mechanisms in MDS. 

Although some cases were identified 
which had relatively low Epo levels for their 
degree of anemia, the majority of patients 
exhibited increased hormone concentra
tions, excluding an endogenous Epo defi
ciency as the cause of the anemia. Increased 
Epo production has been described in a 
variety of anemic disorders [10, 11] and 
represents a physiological renal response to 
decreased oxygen supply. In contrast to 
other types of nonrenal anemia, however, 
we found only a weak correlation between 
serum Epo and hemoglobin concentrations 
in our MDS patients. Similar data have 
recently been reported by Jacobs et ai. [12], 
whereas other authors found a much closer 
relationship between Epo production and 
severity of anemia in MDS [13]. 

From their study, Jacobs et ai. [12] con
cluded that different rates of Epo utiliza
tion by medullary erythroid cells account 
for the wide range of Epo titers in MDS. 
They found that circulating Epo levels were 
inversely correlated with the amount of 
erythropoiesis in the bone marrow. Patients 
with marked erythroid hypoplasia were 
shown to have particularly high Epo titers. 
These observations, however, could not be 
confirmed in our study. Based on our own 
data, we suppose that qualitative rather 
than quantitative changes of erythropoiesis 
have an important influence on the indivi
dual Epo response in MDS. Abnormally 
high Epo values were encountered only in 
patients with severe dyserythropoiesis, 
whereas patients with mild dysplastic fea
tures produced much lower amounts of 
Epo. It may be assumed that the degree of 

dyserythropoiesis reflects, at least in part, 
functional impairment of erythroid proge
nitor cells. Abnormal erythroid precursors 
may lose their sensitivity to Epo, either by 
altered receptor expression or disturbed 
function of the signal transduction pathway. 
As demonstrated by in vitro culture sys
tems, erythroid colony growth in patients 
with MDS is often decreased and requires 
high concentrations of exogenous Epo [14]. 
In view of these findings, it is tempting to 
speculate that the marked elevations of 
Epo found in some MDS patients represent 
a compensatory mechanism, directed to 
overcoming the functional defect of aber
rant target cells in the bone marrow. 
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Characterization of Complete Remission -
Molecular Biologic and Cytogenetic Approaches 



Detection of Minimal Residual Disease in Acute Lymphoblastic 
Leukemia Patients by Polymerase Chain Reactions 

C. R. Bartram!, S. Yokota', A. Biondi2 , J. W G. Janssen', and T. E. Hansen-Hagge! 

Introdnction 

Significant progress has been achieved in 
the treatment of acute lymphoblastic leu
kemia (ALL) by the introduction of mod
ern chemotherapeutic strategies [1]. How
ever, disease relapse following successful 
remission induction still poses a major 
clinical challenge. The quantity and kinetic 
behavior of residual leukemic cells remains 
largely enigmatic due to the limitation of 
most currently available techniques to iden
tify less than 1 %-5 % neoplastic cells in the 
population being examined [2]. The use of 
double-color immunofluorescence has 
markedly improved the sensitivity with 
which persisting disease can be detected in 
distinct leukemias characterized by pheno
typic features that are extremely rare or 
absent on normal hematopoietic counter
parts [3]. More recently the development of 
polymerase chain reaction (PCR) strategies 
has opened a new era in the analysis of 
minimal residual disease by allowing the 
identification of neoplastic cells at a 10-4 to 
10-6 level [4]. In the following we will 
summarize our experience with the applica
tion of PCR techniques in monitoring ALL 
patients during the course of the disease. 

I Section of Molecular Biology, Department of 
Pediatrics II, Prittwitzstr. 43, University of Ulm, 
7900 Ulm, FRG 
2 Department of Pediatrics, Ospedale S. Gerado 
(Monza), University of Milan, Italy 

Preparation of Clonospecific TCRO 
Probes 

Leukemia cell clones of virtually all ALL 
patients exhibit a unique pattern of immu
noglobulin (Ig) and/or T-cell receptor 
(TCR) gene rearrangements. Based on the 
individual immunogenotype different PCR
methods have been proposed for the eva
luation of therapeutic efficacy [5-7]. An 
approach initiated in our laboratory takes 
advantage of the observation that the vast 
majority of ALLs show a TCRo gene 
recombination and are characterized by a 
preferential involvement of distinct TCRo 
elements depending on the immunological 
phenotype [5, 8, 9]. In our series of immu
nogenotype analyses performed in approxi
mately 500 ALL patients enrolled in the 
German multicenter ALL trials BFM 
(children) and BMFT (adults), a TCRo 
rearrangement and/or deletion was demon
strated in 97 % of T-ALL and 88 % of cALL 
cases. Due to the limited repertoire of 
germline elements, specific patterns of 
recombinations can be identified by South
ern blot analysis (Fig. 1). Along this line we 
established a pre valance of VojDJoj 
(29 %), V02DJo/ (11 %), and Do~o/ (19 %) 
recombinations in T-ALL, while a predom
inance of V02D03 (52 %) and D 02D 03 

(16 %) rearrangements was observed in 
cALL patients. Proceeding from this re
stricted pattern of TCRo recombinations on 
one hand and the enormous junctional 
diversity due to imprecise joining and 
extensive insertion of N-region nucleotides 
on the other hand, we have amplified and 
isolated TCRo junctional regions of ALL 
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patients characterized by either VD,DiD, 
(T-ALL) or VD2DDJ (cALL) recombina
tions and consecutively used them as clon
ospecific probes [5, 8-10]. It appears to be a 
particular advantage of this approach that it 
does not require sequence analyses of the 
junctional regions and synthesis of leuke
mia-specific oligonucleotide probes. 

Thus far we have attempted to isolate 
clonospecific probes from 60 ALL patients 
and succeeded in 58 cases (Table 1). In two 
cALLs we did not obtain a distinct DNA 
fragment after the second peR round but 
rather a smear of amplification products; 
both leukemias were therefore excluded 
from further analysis. The detection limit of 
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Fig. 1. Representative pat
tern of TCRo recombina
tions as frequently observed 
in Southern blot analyses of 
cALL [2-4] and T-ALL [S , 
6] patients. HindIII (A) and 
Bg/II (B) digests are hybrid
ized to a JO, probe; human 
placenta DNA is included 
as a germline control [1]. 
V02D03 recombinations are 
characterized by 7.2 kb 
HindIII/9.S kb BglII frag
ments [2. 4]. D02DOJ rear
rangements by 6.4 kb 
HindIII/S.S kb BglII frag
ments [2. 3]. Vo2DJo, rear
rangements by 6.4 kb 
HindIII/S .7 kb BglII [S], 
and VO,DJO, recombina
tions by 9.6 kb HindIII17.S 
kb BglII fragments [6] ; 4.S 
kb HinIII and 4.9 kb Bg\ll 
fragments indicate a DO~OI 
recombination [6] 

each clonospecific probe was individually 
determined by at least two independent 
dilution and amplification series. In the 
majority of cases leukemia DNA could be 
detected when representing as little as 
0.001 % of total DNA (Table 2, Fig. 1). 
Probes derived from two T-ALLs exhibited 
a relatively low sensitivity of 10-21- 3 • 

Sequence analyses of respective VD,DJD, 
junctions revealed that this limitation was 
due to deletions of VD, coding sequences 
represented in the 5' oligomer primer. 
Another TCRD probe showed a considera
ble degree of nonspecific background signal 
and was therefore skipped in further inves
tigations (Table 1). 



Table 1. Preparation and application of c1onospecific TCRb probes in 60 ALL patients 

1. Isolation of probes 
- Successful preparation in 58 cases 
- Failure in 2 cases (smears instead of distinct amplification products) 

2. Monitoring of residual leukemia 
- Successful application in 54 cases 
- Restricted value of probe in 4 cases: 

a) Limited specificity indicated by cross-hybridization with normal blood cell DNA 
(1 cALL) 

b) Detection limit of only 10-21-3 (2 T-ALL) 
c) Continuing recombination at the TCRb locus represented in the c1onospecific probe 

(1 cALL) 

Table 2. Detection limits of 57 c1onospecific TCRb probes 

ALL cells 
No. of cases 

1O-2H 

2 

10-3/-4 

3 
10-4 

19 
10-5 

26 
10-6 

7 

Table 3. Polymerase chain reaction analysis of 47 ALL patients using c1onospecific TCRb probes 

Therapeutic Months after No. of samples' PCR status 
Phase Diagnosis Positive Negative 

Consolidation 1-3 4 2 2 
4--6 10 8 2 

Maintenance 7-12 15 4 11 
13-18 5 3 2 
19-24 10 2 8 

Termination >24 32 1 31 

• Evaluation of 76 BM samples obtained from 47 ALL patients in complete remission 

We next used the 57 suitable clonospe
cific probes to analyze bone marrow (BM) 
or peripheral blood (PB) samples obtained 
from the respective 47 pediatric and 10 
adult ALL patients. This study included 35 
cALL and 22 T-ALL cases. 

Detection of Residual Leukemia 
in Continuing Complete Remission 

In a first series of experiments we investi
gated 47 ALL patients in continuing com
plete clinical and hematological remission. 
From many patients multiple follow-up 
samples were available (Table 3). Southern 

blot analyses of respective specimens failed 
to detect the TCRo gene rearrangement 
initially characterizing the leukemias. One 
interesting result of this study is the obser
vation that the bone marrow of most cases 
analyzed during the phase of consolidation 
therapy following remission induction ex
hibited residual leukemia. The level of 
neoplastic cells varied between 10-2 and 
10-4 • In all instances, where both PB and 
BM specimens of a patient were available 
for peR analyses, PB samples contained 
significantly less residual cells, if any. The 
findings obtained in 30 BM samples taken 
during maintenance therapy appear even 
more remarkable. Thus a considerable 
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Fig. 2. Detection of minimal residual disease in three ALL patients by PCR technology. DNAs of 
leukemia cells at diagnosis (D) were diluted into peripheral blood cell DNA of three healthy 
individuals (C) at 10- 1 to 10- 7 and established a detection limit of approximately 10- 5 leukemic cells in 
all cases. Bone marrow or peripheral blood ( +) DNA samples obtained during the patients' complete 
clinical-hematological remission were also included (numbers indicate months after diagnosis). Upon 
amplification , the corresponding DN A fractions (20 ng) were spotted onto nylon filters and hybridized 
to the c1onospecific probes. Note considerable differences in the elimination of residual leukemia 
among the three patients 
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2 ••• • 
number of patients show remaining blasts 
up to 19 months after diagnosis at frequen
cies of 10- 3 to 10- 6. However, longitudinal 
analysis disclosed marked individual differ
ences in the intervals between achievement 
of clinical remission and disappearance of 
residual disease below the detection limit of 
peR (Fig. 2). It is noteworthy that these 
dynamic disparities in the reduction of 
residual leukemia did not correlate with 
known risk factors [9]. Thus some patients 
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Fig. 3. Reemerging leu
kemic cells detected by 
PCR analyses prior to clini
cal relapse in bone marrow 
DNA of two cALL pa
tients. While in case 1 a 
steady increase of the neo
plastic cell population indi
cates a relapse several 
months before clinical man
ifestation (arrowhead) , leu
kemia cells become detecta
ble again 8 months after 
starting therapy in case 2, 
i.e., only 3 weeks prior to 
clinical relapse 

at standard risk showed persistence of leu
kemic cells for more than 1 year, while 
patients at an elevated risk became peR 
negative in less than 6 months. These data 
also illustrate the limited value of a single 
peR analysis as prognostic parameter. 
More relevant appears the proliferation 
capacity of a residual ;;ubclone as indicated 
in serial studies. A steady, yet prolonged 
decline of neoplastic cells (Fig. 2, case 3) 
may be associated with a favorable course, 



while a continuous increase of blasts 
(Fig. 3, case 1) may indicate an imminent 
clinical relapse. 

Monitoring of leukemia patients by peR 
might therefore identify novel components 
of the individual response to chemotherapy. 
The fact that only 1 of the 32 BM samples 
obtained from 22 patients 6-41 months 
after termination of treatment did exhibit 
residual leukemia (Table 3) makes us confi
dent that peR analysis is not inappropriate
ly sensitive , but rather constitutes a valua
ble tool for the identification of clinically 
relevant leukemia cell populations. Similar 
results have recently been reported by two 
other groups in eight and five ALL patients, 
respectively [11, 12]. 

Serial peR Analysis in Relapsed Patients 

In order to elucidate further the prognostic 
value of longitudinal peR analyses after 
successful remission induction we also 
studied 32 BM samples obtained from 10 
ALL patients who eventually experienced a 
clinical relapse. In all but one case identical 
TCRD rearrangements were observed in 
leukemia cells at initial diagnosis and 
relapse. In oneT-ALL patient peR analysis 
failed to detect leukemia relapse due to 
continuing recombination at the TCRD 
locus represented in the c1onospecific probe 
(Fig. 4). The frequency of secondary alter
ations at rearranged TCRD genes during the 
course of the disease is currently not 
known , but might occur in less than 10 % of 
cases according to our preliminary data. 
This proportion could be regarded as rela
tively low, since clonal variations at , e.g., 

rearranged IgH loci have been observed in 
30 % of ALL patients [13], a major problem 
for peR strategies based on the analysis of 
specifically rearranged Ig loci. However, 
continuing rearrangements affecting c1on
ospecific probes constitute a significant 
limitation of any peR technique used for 
the monitoring of residual leukemia (Ta
ble 1). 

A heterogeneous pattern of peR results 
was obtained in the other nine cases. In five 
patients reemerging and/or constantly in
creasing numbers of residual blasts pre
ceded the clinical manifestation by 5-12 
months (Fig. 3, case 1). In two cases only 
remission samples taken 12 and 15 months 
prior to relapse were available and revealed 
a negative peR status. More relevant in this 
context, however, appears the fact that 
peR analyses in two cALL patients failed 
to identify residual neoplastic cells in mul
tiple BM specimens obtained up to 2 and 3 
months before relapse, respectively. Leu
kemia cells eventually became detectable 3 
and 6 weeks prior to clinical manifestation 
in these cases (Fig. 3, case 2). One might 
speculate that the focal nature of residual 
disease has interfered with an earlier 
demonstration of an impending relapse in 
the latter patients [14]. 

Rearrangements of BCR-ABL 
in ALL Patients 

As an alternative approach to monitoring 
minimal residual disease we have used 
another genetic marker, which appears par
ticularly suitable in adult cALL patients, 
the BCR-ABL oncogene [15]. In a recent 

n 1n-1 -2 -3 -4 -5 -6 -7 r:. • • • 

••••• • 
Fig. 4. Failure to detect leukemia relapse by PCR analysis due to continuing recombination at the 
TCRo locus. Note that the initial leukemia cell clone is still detectable 22 months after starting therapy, 
but not 2 months later at first and consecutively at second relapse (arrowheads) 
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study including more than 300 ALLs, a 
BCR-ABL rearrangement, the molecular 
equivalent of the Philadelphia transloca
tion, was observed in 55 % of adult cALL 
patients in contrast to only 6 % of children 
with cALL [16]. Thus far we have analyzed 
eight BCR/ABL-positive patients (six 
adults, two children) who achieved a com
plete clinical and hematological remission 
following polychemotherapy. Twelve BM 
samples obtained 4-12 months after initial 
diagnosis were available for PCR analysis 
and showed residual leukemia in all but one 
patient (Fig. 5). In three leukemias concur
rent studies with clonospecific TCRb probes 
were performed. The respective data 
matched in each case. Both methods may 
therefore be used to confirm and comple
ment results mutually. 

Prospect 

In the nearer future a considerable number 
of hematopoietic neoplasias will become 
accessible to PCR analysis. A case in point 
is the growing list of malignancies with a 
known molecular basis of associated chro
mosomal defects. Monitoring of leukemia 
patients by PCR techniques will certainly 
be useful in elucidating the biology of 
neoplastic cell populations after therapeu
tic interventions and might ultimately offer 
a tool for the evaluation of a patient's indi
vidual demand for maintenance therapy 
and thus define a rationale for case-adapted 
treatment modifications. However, the 

value of PCR in clinical settings is far from 
being settled. Prospective analyses of the 
remission status using the PCR approaches 
discussed above have therefore been ini
tiated in the German multicenter ALL 
trials. Additional methods, e.g., double
color immunofluorescence and PCR studies 
on rearranged TCRy and IgH loci are also 
available. Since all techniques bear relevant 
limitations and specific advantages, the 
combined use of several approaches will be 
required to evaluate this issue and to bal
ance interpretations derived from indivi
dual methods. 
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Detection of Minimal Residual Disease in B-Lineage Leukemia 
by Immunoglobulin Gene Fingerprinting* 

M. Deane!, A. V HoffbrandI, H. G. Prentice!, and 1. D. Norton U 

Introduction 

Immunoglobulin and/or T-cell-receptor 
gene rearrangement occur in the vast 
majority of lymphoid malignancies and can 
be readily detected by molecular genetic 
approaches [1, 2]. Since an identical immu
noglobulin or T-cell-receptor gene rear
rangement occurs in all members of a single 
clone, detection of such rearrangements 
provides a useful marker of clonality. Until 
recently, the standard means of demonstrat
ing these clonal gene rearrangements has 
been analysis of the gene structure by 
Southern hybridisation. The advent of the 
polymerase chain reaction (peR) technolo
gy has prompted several groups to develop 
peR-based strategies as an alternative 
rapid and simple means of demonstrating 
lymphoid clonality [3-6]. These methods 
can be used to detect clonal populations at a 
sensitivity comparable to that of Southern 
blotting (1 %-5 %) [7]. This level of sensi
tivity, though useful in assessing clonality, is 
not sufficient to monitor residual disease 
following treatment. Several groups have 
therefore developed highly sensitive meth
ods of detecting clonal populations by ini
tially characterising the clonal rearrange
ment of interest and generating clonespe
cific primers of probes which can then be 
used in subsequent peR and/or hybridisa-
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2 Present address: Paterson Institute for Cancer 
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tion steps [8-12]. Though two groups have 
applied such approaches in detection and 
quanti tat ion of residual disease in acute 
lymphoblastic leukemia (ALL) [13, 14], 
the widespread application of such methods 
is limited by their laborious and complex 
technology. Because of the paucity of clini
cal studies applying these sensitive meth
ods, the frequency of occurrence and clini
cal relevance of very low levels of residual 
leukemia detected by molecular methods 
in remission is not known. However, immu
nophenotypic studies analysing leukemia
specific combination of surface markers, 
expressed in over 30 % of cases of B-lineage 
ALL, suggest that detection of residual 
disease at levels of 0.01 % or more is 
predictive of relapse, although absence of 
such findings cannot exclude this [15]. The 
immunoglobulin heavy chain (IgH) gene 
fingerprinting method is a technically sim
ple PeR-based method which allows dis
crimination of clonal B-cell populations on 
the basis of size of their clonal IgH gene 
rearrangements and has a level of sensitiv
ity comparable to that of surface marker 
analysis (0.01 %--0.1 %) [16]. Since the 
majority of cases of B-lineage ALL are 
amenable to analysis using this approach, it 
could potentially provide a means of select
ing a group of patients with a high proba
bility of relapse, thereby enabling the effect 
of therapeutic intervention to be eval
uated. 

We have analysed serial bone marrow 
samples from 11 cases of B-lineage ALL 
using the IgH gene fingerprinting method. 
Our results suggest that detection of resi
dual disease by this approach may be pre-



dictive of relapse in a high proportion of 
patients. 

Materials and Methods 

Clinical Material. Cases of ALL were diag
nosed according to standard morphological 
and immunophenotypic criteria [17]. Cases 
in this study were selected on the basis of 
availability of follow-up material. Patients 
L5, L8, L9, LI3 and LI5 were under 16 
years of age at the time of diagnosis. 
Normal bone marrow was used as a control 
in all experiments. 

Extraction of DNA. DNA was extracted 
from Ficoll-gradient-separated mononu
clear cell fractions of bone marrow or from 
material recovered from stored bone mar
row slides as described previously [16]. 
Serial follow-up material from individual 
patients was prepared on separate occa
sions to reduce the likelihood of cross
contamination. 

Polymerase Chain Reaction Gene Am
plification of DNA. DNA amplification 
using a panel of variable region (V H) family
specific PCR primers together with a single 
joining region (iH) primer for IgH gene 
fingerprinting was performed as described 
previously [15]. The J H region primer was 5' 
end-labelled with [y32P]ATP prior to addi
tion to the PCR mix. The reaction mix was 
irradiated for 15 min with a UV lamp (254 
nm) and transilluminator (302 nm, UVP 
Inc., California) to degrade potential con
taminants in the reagents prior to addition 
of test DNA [18]. Normal bone marrow 
DNA was always analysed in parallel with 
test DNAs as a control. Twenty-five cycles 
of amplification were performed under con
ditions adapted for each primer set in order 
to reduce background amplification prod
ucts to a minimum as described previously 
[16]. Labelled, amplified DNA was ex
tracted using phenol chloroform, precipi
tated in ethanol, washed, dried and redis
solved in 10 mM Tris-HCl, 2 mM EDTA 
and analysed on a denaturing 6 M urea 6 % 
polyacrylamide DNA sequencing gel. Ini
tially, DNA samples from each patient were 
screened for the presence of clonal V H 

family-specific rearrangements by ethidium 
bromide-stained gel analysis of an aliquot 

of the PCR reaction as described previously 
[4]. Subsequent fingerprinting experiments 
on serial DNA samples were done using the 
V H primer set appropriate for the clonal 
IgH rearrangement at disease presenta
tion. 

Results 

IgH VDJ gene rearrangements can be 
detected in the majority of cases of B
lineage ALL (> 90 %) using a panel of V H 

family-specific primers together with a sin
gle J H primer [16]. High-resolution gel 
electrophoresis of the radiolabelled ampli
fication products generates an JgH gene 
fingerprint. A ladder of products within a 
size range determined by the relative posi
tions of the 5' and 3' primers is generated 
from the VDJ rearrangements in polyclonal 
B cells and against this background a clonal 
rearrangement can be seen as a single more 
intense product (see Figs. 1-3). Sequential 
bone marrow samples from 11 cases of 
B-lineage ALL were examined in this study, 
all of which had one or more clonal JgH 
gene rearrangement demonstrable by the 
fingerprinting method at disease presenta
tion or relapse. The details of the patients 
examined and the overall results of the 
analysis are shown in Table 1. 

Analysis of Patients Who Relapsed 

Six of the 11 patients relapsed and in 5 of 
these cases (L6, L9, LI08, L110) the pre
sence of a residual clone was demonstrated 
by fingerprinting during morphological 
remission. In some cases, positive PCR 
fingerprinting results during remission were 
obtained several months or years prior to 
relapse (see Table 1). The fingerprinting 
profiles of three of these cases are illus
trated in Fig. 1. In the case of L13, two 
dominant products are seen (Fig. 1, De
cember 1986) during induction treatment 
for second relapse, representing clonallgH 
VDJ rearrangements involving members of 
the same VH family, as well as a faint 
background of amplified JgH gene rear
rangements from accompanying polyclonal 
B cells. This polyclonal profile which 
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Table 1. Morphological and peR analysis of clinical samples 

Patient Disease 
No. and status 
diagnosis 

Sample peR % blasts 

L6 
cALL 

L9 
cALL 

Ll3 
cALL 

Ll08 
cALL 

LlI0 
Null 
ALL 

L8 
cALL 

First relapse 
Remission 
Second 
relapse 
Remission 
Third relapse 

Second 
relapse 
Remission 
Remission 
Remission 
Remission 
Third relapse 

date results 

20/1/86 
23/4/86 
13/8/86 

2/11/86 
2/87 

12/11/86 

14/1/87 
30/1/87 
30/6/87 
30/9/87 

2/88 

15 
< 5 

8 

< 5 
80 

77 

< 5 
< 5 
< 5 
< 5 

30 

Second 2112/86 6 
relapse 
Remission 717187 < 5 
Third relapse 15/2/88 90 

First remission 3/5/85 < 5 
First relapse 28/2/89 80 

Presentation 22/10/87 20 
Persisting 19/11/87 20 
disease 
Remission 
First relapse 
First relapse 

First relapse 
Remission 
Remission 
Remission 
Second 
relapse 

12/5/88 < 5 
3/ll/89 96 
4/1/90 50 

9/12/85 93 
20/1/86 < 5 

7/5/86 < 5 
30/9/86 < 5 
24/2/87 90 

+ 
+ 
+ 

+ 
ND 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 

appears as a ladder of products representing 
IgH gene rearrangements of random size 
can be clearly seen in the normal bone 
marrow DNA (Fig. Ie) amplified in paral
lel. Seven months later, during morpholog
ical remission, one of the original two clonal 
rearrangements is still clearly visible against 
a polyclonal background. The patient 
relapsed 7 months later and the fingerprint
ing profile at this time (Fig. 1, February 
1988) shows the presence of clonal rearran
gements identical to those seen on the first 
examination. In the case of L108, two 
identical clonal products are seen during 
first remission and at relapse 4 years later 
(see Fig. 1). Since the fingerprinting 
method is not quantitative, the intensity of 
the clonal products does not give an indica
tion of the size of that clone. Similarly, in 
the case of L110 (Fig. 1), two dominant 
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Patient Disease 
No. and status 
diagnosis 

Sample peR % blasts 

Ll09 
cALL 

L9 
pre-B 
ALL 

Ll5 
cALL 

L5 
cALL 

Presentation 
Persisting 
disease 
Persisting 
disease 
Persisting 
disease 
Persisting 
disease 

Presentation 
Persisting 
disease 
Remission 

date results 

2617188 
17/8/88 

7/9/88 

10/10/88 

11/10/88 

29/9/88 
12/10/88 

24/1/89 

90 
30 

60 

35 

80 

70 
9 

< 5 

Presentation 30/6/89 90 
Remission 30/10/90 < 5 

Presentation 26/1187 90 
Remission 25/2/87 < 5 
Remission 18/5/87 < 5 
Remission 10/6/87 < 5 
Remission 1317187 < 5 
Remission 19/5/88 < 5 
Remission 1191 ND 

L41 Presentation 3/4/86 
24/6/86 

9/2/87 
27/3/87 
16/2/88 

1/91 

94 
< 5 
< 5 
< 5 
< 5 
ND 

cALL Remission 
Remission 
Remission 
Remission 
Remission 

" ND, not determined 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

ND 

+ 
+ 
+ 

ND 

products of identical sizes are seen at pre
sentation (October 1987, November 1987), 
during morphological remission (May 1988) 
and at first relapse (November 1989, Janua
ry 1990). In one of the six cases (L8), the 
fingerprinting profile was normal during 
remission though the patient subsequently 
relapsed (Fig. 2). The fingerprinting profile 
was identical III both first and second 
relapse in L8, showing several distinct clon
al rearrangements involving the same VH 

family on each occasion. These results sug
gest that residual disease was present during 
remission at a lower level than could be 
detected by the fingerprinting method. 

Analysis of Patients Remaining 
in Clinical Remission 

Two patients, L139 and L15, showed evi
dence of residual disease during remission 
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Fig. 1. Analysis of /gH gene rearrangements in leukemic DNA by /gH gene fingerprinting, Genomic 
DNA was PCR amplified using 32P-labelled J H primer in combination with a panel of primers specific 
for each of the six V H families. The amplified DNA was electrophoresed on a denaturing sequencing gel 
to generate an /gH gene fingerprint. Fingerprinting lanes displaying dominant clonal PCR-amplified 
fragments are from overnight direct autoradiographic exposures. Otherwise , all exposures were for 
1-2 weeks with intensifying screens. Normal bone marrow (C) was amplified in parallel with each 
leukemia as a control 
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Fig. 2. Analysis of /gH gene rearrangements in leukemic DNA by /gH gene fingerprinting. As 
Fig. 1 
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Fig. 3. Analysis of /gH gene rearrangements in leukemic DNA by /gH gene fingerprinting. As 
Fig. 1 

and remain in remission 27 and 19 months 
respectively after presentation (Table 1). 
These patients are currently being followed 
up. Patients L5 and L41 have both been in 
remission for 4 years and are likely to be 
cured (Table 1). In the case of L5 (Fig. 2), 
residual disease was not demonstrated in 
serial examinations during and following 
treatment over a 16-month period. In the 
case of L41, however, a clonal rearrange
ment (distinct from that a presentation) 
could be demonstrated 2 months after pre
sentation (Fig. 3, April 1986 and June 
1986). The patient subsequently had an 
autologous bone marrow transplantation, 
and subsequent fingerprint analysis over a 
12-month period gave negative results 
(Fig. 3). 

Detection of Clonal Instability 
and Oligodonality 

Since the fingerprinting method employs a 
series of V H family-specific primers and 
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clonal rearrangements are discriminated on 
the basis of size, it provides a means of 
simultaneously monitoring coexisting clon
al populations. The importance of being 
able to monitor more than a single domi
nant clone is illustrated in several of the 
cases examined. Of the 11 patients exam
ined, 3 had more than two dominant IgH 
gene rearrangements , involving 1 or more 
V H family, demonstrable by fingerprinting 
(data not shown). An example is seen in the 
case of L8 in Fig. 2 where the fingerprint 
profile at presentation shows three IgH 
gene rearrangements of similar intensity 
involving the same VH family. Two of the 
patients , L9 and L41 , showed evidence of 
clonal instability during the disease course 
(see Fig. 3) . L9 had two dominant rear
rangements at second relapse. During 
induction treatment (January 1987) a third 
rearrangement is seen and this rearrange
ment dominated during the subsequent 
examinations (January 1987, June 1987) 
and predominated at relapse (September 
1987). These findings suggest the presence 



of at least two B-cells clones in L9. In the 
case of L41, a single dominant product is 
demonstrated at disease presentation 
(Fig. 3, April 1986). However, a new rear
rangement is seen in the subsequent exam
ination (June 1986), which also involves the 
same V H family. Sequence analysis of these 
two products shows that they are indepen
dent rearrangements involving distinct D 
and J regions (data not shown). These 
results again suggest the presence of at least 
two clonal B-cell populations. 

Discussion 

The /gH gene fingerprinting method 
employing a panel of V H family-specific 
primers as applied in this study allows the 
detection of the /gH gene rearrangement in 
the majority of cases of B-lineage ALL 
(>90 %) [16]. Moreover, the reliability of 
detection of /gH gene rearrangement by 
this PCR approach appears to be superior 
to alternative PCR methods which employ 
a consensus 3' VH primer [5, 6,10-12]. As a 
result of variable deletion of V H primer 
target sequence during V-DJ recombina
tion, together with somatic mutation (in the 
context of more mature B-cell malignan
cies), these latter methods do not detect a 
significant minority of /gH VDJ alleles [19, 
20]. Clonal evolution is recognised to be a 
frequent event in ALL [7, 20, 21]. Similarly 
oligoclonality has been observed in 
10 %-30 % of cases of B-lineage ALL [7, 
22, 23] and analysis using more sensitive 
PCR-based methods suggests that this may 
occur in a much higher proportion of cases 
(unpublished observations). Both oligo
clonality and clonal evolution have impor
tant implications for the design of strategies 
for the detection of minimal residual dis
ease, and suggest that the use of probes or 
primers specific to a single clone may not be 
adequate in many cases. Since the /gH gene 
fingerprinting method effectively scans the 
entire repertoire of /gH VDJ rearrange
ments, it provides advantages in those cases 
displaying clonal instability, as is illustrated 
in some of the cases in this study. 

Although the fingerprinting approach is 
less sensitive than some of the more sophis
ticated PCR-based methods, the results 

from this study suggest that detection of 
residual disease at levels of 0.01 % or more 
is predictive of relapse in many cases of 
B-lineage ALL. Similar findings have 
recently been reported based on immuno
phenotypic studies [15]. We found that five 
of the six patients who relapsed in our study 
had residual leukemic cells in remission at a 
level detectable by /gH gene fingerprinting. 
In the sixth case, the patient relapsed with 
the same clone as was seen at disease 
presentation, though this clone was not 
demonstrated by fingerprinting during re
mission. It is worth noting that, in most of 
the cases who relapsed, residual disease 
could be demonstrated by fingerprinting 
several months to years prior to relapse. 
Two patients who had residual clonal rear
rangements demonstrable in remission have 
not relapsed and clearly need careful mon
itoring to determine the significance of this 
finding. 

The availability of a widely applicable 
method to monitor residual disease in the 
majority of cases of B-lineage ALL is an 
important adjunct to immunophenotypic 
methods which have been particularly use
ful in monitoring T-lineage ALL [15]. 
Clearly, larger studies are needed to fully 
establish the biological significance of var
ious levels of residual disease. The possibil
ity of selecting a sizeable group of patients 
at high risk of relapse would allow assess
ment of the effect of tailored therapeutic 
regimens. 
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Probing the Pathophysiology of Leukemic Response 
by Premature Chromosome Condensation* 

W N. Hittelman and R. Vyas 

Introduction 

The myeloid leukemic process is generally 
thought to involve a series of genetic 
changes in a hematopoietic progenitor or 
stem cell that results in a dysregulation of 
proliferation and maturation of myeloid 
elements. The clinical manifestation of this 
process is the impaired production of 
mature myeloid elements and platelets cul
minating in an increased risk for fatal 
infection and hemorrhage. Remission in
duction is generally thought to decrease the 
tumor burden by cytotoxic mechanisms and 
allow restoration of normal hematopoiesis. 
While it is useful to think of leukemic 
response in such terms, there is increasing 
evidence to suggest that other processes 
might be involved such as induced matura
tion of leukemic elements and modulation 
of the factors elicited by leukemic elements 
that impact normal hematopoiesis. 

Premature Chromosome Condensation: 
Predicting Relapse in Acute Leukemia 

In early studies, our laboratory was inter
ested in examining the levels of chromo
some damage induced in the bone marrow 
cells of patients with acute myeloid leuke-
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mia receiving chemotherapy. Since most of 
the bone marrow cells are not in mitosis, we 
utilized the technique of premature chro
mosome condensation to directly visualize 
the chromosomes of interphase cells. With 
this technique, factors from tissue culture 
cells in mitosis, when fused with the inter
phase cells of interest, act on the interphase 
component to break down the nuclear 
membrane and induce the interphase chro
matin to prematurely condense into dis
crete chromosomal units called prematurely 
condensed chromosome (PCC) [1]. The 
morphology of the PCC reflects the stage of 
the cell in the cell cycle at the time of fusion. 
The morphology of the PCC is also useful in 
determining the substage of each cell within 
each cell cycle phase (i.e., early verses late) 
[2]. In particular, early G 1 phase cells gave 
rise to highly condensed G 1 PCC whereas 
late G 1 phase cells gave rise to highly 
elongated Gl PCe. Of interest, it was also 
found that when normal cells come to rest in 
G 1 under conditions of nutrient starvation 
or crowded conditions, their Gl PCC have 
the morphology of cells in early G 1 phase. 
In contrast, when transformed cells are 
similarly growth arrested, their G 1 PCC 
suggest that they arrest in late G 1 phase. 
Thus the morphology of the Gl PCC sug
gests an altered mode of cell cycle regula
tion in transformed cells. 

A similar pattern of G 1 PCC morpholo
gies is also observed in bone marrow popu
lations. Cells derived from normal bone 
marrow exhibit G 1 PCC predominantly in 
early G 1 phase, whereas bone marrow cells 
from individuals with active acute leukemia 
exhibit relatively higher fractions of cells in 
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late G 1 phase, despite similar frequencies 
of actively cycling cells in Sand G2 phases 
[3, 4]. When patients are treated with 
remission induction therapy and obtain 
complete remission, the fraction of cells in 
late G 1 phase returns to lower levels. 
However, by serially following patients dur
ing complete remission, it was found that 
the fraction of cells in late G 1 phase 
returned to high levels, usually 2-3 months 
prior to any clinical or morphological evi
dence of relapse [5, 6]. 

This last observation was difficult to 
understand. In the period just prior to 
relapse, the maturing hematopoietic ele
ments were morphologically normal, yet 
their underlying chromatin phenotype was 
that of a malignant cell. Two alternate 
hypotheses might explain this apparent 
contradiction. First, the leukemic elements 
might have already returned, but, under the 
conditions of low tumor burden, they might 
still be capable of maturation. Alternative
ly, in the period just before clinically evident 
relapse, the leukemic cells might be increas
ing in number and at the same time eliciting 
factors which might allow normal maturing 
cells to pass from early G 1 phase to late G 1 
phase (e.g., a growth factor). 

With regard to the first possibility, there 
has been increasing evidence to suggest that 
leukemic elements are susceptible to matu
ration induction when treated in vitro with 
a variety of agents including dimethyl sulf
oxide (DMSO), phorbol esters, HMBA, 
retinoids, and even some commonly used 
cytotoxic agents [7, 8]. Thus, it might be 
possible that one component of response in 
patients undergoing therapy for acute leu
kemia might be induced maturation of the 
leukemic elements. However, the test of 
this hypothesis is difficult since the matur
ing cells cease cell division and cannot be 
analyzed by conventional cytogenetic tech
niques to distinguish cells derived from the 
normal or abnormal clone. We have there
fore again utilized the technique of prema
ture chromosome condensation to address 
this issue since this technique allows direct 
visualization of the interphase chromo
somes of nondividing mature cells. More
over, the pee can be enumerated and 
banded by conventional methods to detect 
cells with abnormal karyotypes [9]. 
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Detecting Maturation of Abnormal 
Myeloid Elements 

Our laboratory has utilized this technique 
to examine the pathophysiology of re
sponse in a number of treatment situations. 
For example, after treatment of acute mye
loblastic leukemia (AML) patients with 
low-dose cytosine arabinoside, we have 
been able to demonstrate the presence of 
the abnormal clone in the mature granulo
cyte fraction, suggesting that induced matu
ration of the leukemic elements might be a 
component of clinical response [10]. Similar 
findings have also been found in a number 
of clinical situations where induced matura
tion was the goal of the treatment (e.g., 
HMBA treatment of patients with myelo
dysplasia and AML, mithramycin treat
ment of patients with accelerated chronic 
myeloblastic leukemia (eML)). Evidence 
for maturation of the abnormal clone has 
also been garnered using the pee tech
nique in patients undergoing high-dose 
cytotoxic treatment [11]. For example, 
three patients with cytogenetic abnormali
ties were recently studied who all received 
high-dose cytosine arabinoside followed by 
recombinant human granulocyte-macro
phage colony-stimulating factor. At the 
time of complete remission, the mature 
peripheral blood granulocytes were en
riched and analyzed by the pee technique. 
In two of the patients, the granulocytes 
were shown to be derived from the normal 
residual hematopoietic elements. In con
trast, the granulocytes from the third 
patient were shown to be predominantly 
derived from the cytogenetically abnormal 
(trisomy 8) clone [12]. Thus, in this third 
patient, while morphological and functional 
clinical complete remission was obtained, 
myeloid hematopoiesis was still dominated 
by the abnormal clone that was now capable 
of apparently normal maturation. This 
might suggest that, in some cases, the 
leukemic elements might be capable of 
induced maturation with the proper stimu
lation. 



Probing the Mechanism of Response to 
AII-Trans-Retinoic Acid 

Recently, several clinical trials have 
reported the clinical utility of trans-retinoic 
acid in the treatment of acute promyelocy
tic leukemia (APL) [13, 14]. These trials 
were based on the in vitro findings that 
retinoic acid can induce the maturation of 
pro myelocytic leukemia cells [15,16]. More 
recently, it was also found that the cytogen
etic abnormality most commonly observed 
in APL, i.e., a translocation of chromo
somes 15 and 17, involves a break in the 
nuclear retinoic acid receptor a gene 
located on chromosome 17, and this results 
in the production of an abnormal transcrip
tion product [17, 18]. When APL patients 
were treated with trans-retinoic acid in the 
clinic, complete remission was found to be 
induced in greater than 75 % of these 
patients. Moreover, these remissions oc
curred without an interceding hypoplastic 
phase, suggesting that the mechanism of 
response might be different from that of 
conventional cytotoxic therapy. Thus it was 
of interest to determine if induced matura
tion of the leukemic elements was the 
predominant mode of action of all-trans
retinoic acid. 

To better understand the pathophysiolo
gy of response in APL, we have utilized the 
technique of premature chromosome con
densation to determine the karyotype of 
the maturing cells after treatment with 
trans-retinoic acid (TRA). The patients 
were treated at either Albert Einstein Can
cer Center, New York (Dr. Peter H. Wiernik 
and colleagues) or Memorial Sloan-Ketter
ing Cancer Center, New York (Dr. Ray
mond P. Warrell, Jr., and colleagues) and 
blood specimens were then sent to the MD 
Anderson Cancer Center. To facilitate the 
determination of the karyotype of the blood 
cells, a "chromosome painting" technique 
was used whereby the PCCs were hybrid
ized with the biotinylated chromosome 
17-specific DNA probe, and the hybridized 
chromosome 17 product was visualized by 
an immunocytochemical reaction with an 
avidin intermediate [19,20]. When a diploid 
PCC is probed in this fashion, two normal 
chromosome 17 hybridizations are ob
served. When a PCC containing the 15; 17 

translocation products is present, one nor
mal and two translocated chromosome 17 
products are easily visualized as three dis
tinct staining regions. In case where other 
cytogenetic markers distinguished the ab
normal clone, either G- or C-banding was 
utilized. 

The first case was a patient with APL in 
relapse after conventional treatment and 
who had already responded to TRA when 
the blood sample was obtained. At this time 
the PCC technique showed that the mature 
granulocytes were completely derived from 
the diploid elements rather than from the 
abnormal clone. Upon relapse, however, 
cells with t(15; 17) made up the immature 
blast fraction. 

The second patient studied was a patient 
with a pro myelocytic blast crisis CML. 
While the patient did not exhibit the typical 
t( 15; 17), the abnormal clone was charac
terized by karyotype of 48, XY, + 17, + der 
(1), t(l; ?) (p13; ?), t(9; 22) (q34; qll). 
Upon treatment with TRA the white count 
decreased, the enlarged spleen became 
unpalpable, and the patient appeared to 
revert back to a chronic phase situation. 
Peripheral blood from this patient was 
examined by the PCC technique on day 60 
of treatment at a time when no blasts were 
apparent in the blood. Approximately 30 % 
of the cells with low density « 1.077) 
contained 48 chromosomes with most of the 
remaining cells showing 46 chromosomes. 
Analysis of the cells with 48 chromosomes 
per cell demonstrated the abnormal chro
mosome 1 derivative. It was likely that 
these PCCs were derived from rather large 
cells exhibiting an intermediate myeloid 
morphology (i.e., nuclear hypersegmenta
tion, with six to eight lobes) and which 
occurred with a similar frequency in the 
light density population. In contrast, the 
higher density cells representing the mature 
granulocyte forms yielded PCCs with 46 
chromosomes per cell. Thus it appeared 
that the abnormal clone became capable of 
partial maturation after trans-retinoic acid 
treatment, and normal elements then 
became capable of growth and matura
tion. 

To obtain a better idea of the progression 
of events during response of patients with 
APL to trans-retinoic acid, we are now 
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studying patients sequentially during treat
ment. As illustrated in the next patient, a 
recurrent theme appears to be occurring. 
Early during treatment, there was morpho
logical evidence of a partial maturation 
process and these partially maturing cells 
were derived predominantly from the 
abnormal clone (i.e., contain the t(15; 17)). 
However, the rise of fully maturing popula
tions of granulocytes with time was accom
panied by the increasing frequency of cells 
exhibiting a diploid karyotype. These 
results suggest that the pathophysiology of 
response in APL to trans-retinoic acid is 
somewhat unique. It appears that there is 
an induction of a partial maturation of the 
abnormal elements, and this process re
leases the inhibitory effect of the leukemic 
population and normal hematopoiesis is 
restored. During conventional cytotoxic 
treatment, is is generally thought that the 
inhibitory effect of the leukemic elements is 
removed when the bone marrow becomes 
hypoplastic. In the case of treatment with 
trans-retinoic acid, it appears that there is a 
downregulation of leukemic inhibitory 
activity without a substantial decrease in 
the leukemic burden. 

Conclusion 

In summary, it is apparent that the patho
physiology of response of patients with 
acute leukemia is different in different 
therapeutic situations. In some cases, re
sponse to therapy apparently occurs 
through a mechanism of cytotoxic elimina
tion of the leukemic bulk followed by 
restoration of hematopoiesis predominated 
by the residual normal elements. In some 
cases, however, the leukemic clone can be 
induced to mature and remission is charac
terized by a reregulation of the maturation 
capacity of the abnormal clone. And in 
cases such as that found after treatment of 
patients with APL with trans-retinoic acid, 
remission is achieved by a partial induced 
maturation of the abnormal clone followed 
by a restoration of the growth and matura
tion capacity of the normal elements. The 
technique of premature chromosome con
densation is a useful tool with which to 
dissect out the pathophysiology of res-
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ponse, and it will serve as a useful interme
diate marker to determine when specific 
regulatory events are taking place. This will 
facilitate the study of the molecular and 
biochemical factors which regulate normal 
and leukemic hematopoiesis. 
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Combination of In Situ Hybridization Cytogenetics and 
Immunologic Cell Identification in Diagnosing Minimal Residual 
Disease 

S. Knuutila, M. Wessman, and M. Tiainen 

Introduction 

In leukemias about 60 %-80 % of patients 
have a clonal chromosome abnormality [8]. 
It is generally believed that healthy bone 
marrow is free from clonal chromosome 
aberrations. Thus chromosome aberrations 
are considered to be some of the best 
cancer-specific markers. Furthermore, 
there are a large number of aberrations in 
leukemias that are closely associated with 
certain morphological, immunological, or 
clinical subtypes of leukemia [19]. 

In principle any clonal abnormality 
observed can be used to follow up the 
leukemic disease and to detect minimal 
residual disease. In practice, however, con
ventional chromosome study has not 
proved sensitive enough to find residual 
cells. Supposing that the proportion of 
residual cells is similar among mitotic and 
interphase cells, one would have to analyze 
hundreds of metaphases before there is a 
statistical probability of finding a cell with 
the abnormal karyotype. This is not feasible 
in routine work and, furthermore, there is 
the possibility that residual cells do not 
undergo mitoses at the same rate as normal 
cells. 

In situ hybridization (ISH) with chromo
some-specific probes has made possible the 
chromosome analysis of interphase cells [4, 
5,13,14,16, 17].We have combined in situ 
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hybridization with another technique 
known as MAC (morphology antibody 
chromosomes) [11, 18, 20] that allows the 
study of the cell morphology, immunophe
notype, and chromosomes of the same 
interphase or mitotic cell. This article de
scribes the combination technique, MAC
ISH, and its application for the detection of 
minimal residual cells. 

Methods 

Morphology Antibody Chromosome 
Methodology 

The procedure for MAC preparations has 
been described in detail elsewhere [11]. For 
slide preparation, 105 cells are suspended in 
a mixture of 1 ml incubation medium and 1 
ml of a hypotonic solution. We use a hypo
tonic solution containing 50 mmol/l glyce
rol, 5 mmol/l KCI, 10 mmolll NaCi, 0.8 
mmolll MgCi, 1 mmolll CaCb, and 10 
mmol/I sucrose (pH 7.0) After 5 min the 
suspension is divided into 12 cytocentrifuge 
chambers (Cytospin, Shandon Elliot, Run
corn, UK) and centrifuged at 400 g for 5 
min. After air drying overnight, the slides 
are ready for analytical procedures. 

For morphological cell classification we 
use Giemsa, Sudan black, and a-naphtyl 
acetate/esterase (ANAE), and for immuno
cytochemical classification immunofluores
cence, immunoperoxidase, or alkaline 
phosphatase antialkaline phosphatase 
(APAAP). These MAC preparation tech
niques have also been described elsewhere 
[11 ]. 



In Situ Hybridization and Chromosome 
In Situ Suppression Hybridization 

The hybridizations are carried out with a 
biotin-labeled, chromosome-specific alpha 
satellite DNA probe or human chromo
some-specific library DNA probes obtained 
from the American Type Culture Collec
tion. The probes are labeled by nick trans
lation using biotin-ll-dUTP (Bethesda 
Research Laboratories) or biotin-16-dUTP 
(Boehringer Mannheim) according to the 
instructions of the supplier. Hybridizations 
are performed using a modification of 
methods described earlier [9, 10, 13, 16, 
20]. 

Morphology antibody chromosome prep
arations are destained by incubation in 
methanol/acetic acid fixative for 1 h at room 
temperature and air dried. Then the prep
arations are treated with pepsin (0.01-0.1 
mg/m!) to remove the cytoplasm. The 
hybridization mixture consists of 
0.001-0.004 f!g/f!l biotinylated chromo
some-specific alpha satellite DNA or 0.1 
f!g/f!1 biotinylated chromosome-specific li
brary DNA, 50 %-65 % formamide, 10 % 
(w/v) dextran sulfate, 2 x SSC, and 0.5 
f!g/f!1 herring sperm DNA. When chromo
some-specific library DNA probes are used, 
0.2 f!g/f!1 human genomic DNA is added to 
the hybridization mixture. Denaturation of 

the probes and the cells is performed at 
70°-75°C for 3-5 min. The slides are incu
bated in a moist chamber at 37°-42°C for 
12-16 h. After post hybridization washes 
the signals of alpha satellite probes are 
detected by immunocytochemical methods 
[3] and the signals of chromosome library 
probes by fluorescence methods [13, 16]. 

Advantages and Limitations of 
MAC-ISH Methodology for Minimal 
Residual Disease 

The in situ hybridization techniques can be 
considered sensitive and reliable methods 
in the study of minimal residual cells (Ta
ble 1). No cell culture is needed; mitotic 
cells are not necessary. Nevertheless, divid
ing cells can be used to confirm results, 
especially with chromosome library probes 
that do not always give clear hybridization 
signals on interphase cells. With MAC 
metaphase the signals can be reliably inter
preted. Mitotic cells also yield information 
about the proliferation kinetics of residual 
cells. 

One cytospin preparation contains up to 
104 cells. These cells can be scored in 2-3 h. 
It is likely that this procedure will be 
automated in the future. As the technique 
allows immunological cell classification, in 

Table 1. Morphology antibody chromosome in situ hybridization in minimal residual disease 

Advantages 
Practical/fast 

Reliable 

Various types of preparations can be used 
No special equipment needed 
No radioactive chemicals needed 
Probes easily availablea 

Cancer-specific markers (i.e., clonal chromosome abnormalities and/or 
monoclonal antibodies) are used 
Low number of false-positive signals 
No cell culture needed, specimen closely resembles the situation in vi
vo' 

Sensitive/quantitative Up to 105 cells can be scored in a reasonable time 
Analysis can be focused on certain cell lineages (e.g., immunoglobulin 
light-chain clonality in B-ceilleukemias) 

Qualitative Origin (cell lineage) of residual cells 

Limitations A suitable chromosome aberration needed: polyploidies, trisomies, 
some translocations, and some inversions can be studied. Monosomies 
and deletions cannot be studied because of the high frequency of 
false-negative cells 
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cases where the immunocytochemical anal
ysis reveals a single immunophenotype 
among all neoplastic cells (e.g., in B-cell 
leukemias there is often immunoglobulin 
light-chain clonality), one is able to concen
trate on such immunophenotypically clonal 
cells. In other cases (such as the myeloid 
leukemias or myelodysplastic syndromes) 
where several cell lineages are involved, it is 
possible to trace the immunophenotypic 
origin of each residual cell, which is essen
tial if in the future residual cells will be 
destroyed using target-specific treatments. 

An example of the usefulness of the 
MAC-ISH method comes from our study of 
12 trisomy in a patient with chronic lympho
cytic leukemia [15]. In this patient with 
lambda light-chain clonality, the frequency 
of kappa-positive cells was less than 1 % of 
all cells for analysis. However, we had no 
difficulty in finding 200 kappa-positive 
cells. None of these cells had three hybrid
ization signals, whereas 87 % of the clonal 
cells contained trisomy 12 (Fig. 1). Even 
though the above example does not concern 
minimal residual disease directly, it does 
illustrate the potential of the technique in 
studying the normality/abnormality of cell 
lineages representing a small minority of all 
cells. The above study also showed that, 
when the 12-specific repetitive probe was 
used, no false-positive signals were de
tected in the controls. 

Another example of the sensitivity of the 
technique is derived from MAC-ISH study 
with Y-specific probe of minimal residual 
male host cells after bone marrow trans
plantation from female donors [21]. This 
study showed that Y-specific signals were 
detected in two of the three patients, both 
in clinical remission in 6 and 7 cells out of 
1000 cells analyzed. The presence of host 
cells has been confirmed in a later study 
(Wessman et al. in preparation). Interest
ingly, in one patient a fragment of a blood 
vessel could be demonstrated on the basis of 
cell morphology (M. Wessman et aI., in 
preparation). All these cells contained the 
Y chromosome. Thus the technique 
revealed a contamination associated with 
bone marrow aspiration. This means that 
other sensitive techniques that do not re
veal cell morphology/immunophenotype 
(e.g., polymerase chain reaction with Y-
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specific primers) do not provide reliable 
detection of minimal residual male host 
cells. 

In addition to classification according to 
cell lineage, the MAC-ISH technique 
allows quantitation of residual cells, a fea
ture which other techniques lack. Residual 
cell counts can be used for evaluating the 
clinical importance of residual cells and for 
monitoring efficacy of the treatment(s). 

The main limitation of the MAC-ISH 
technique lies in the requirement of a 
suitable chromosome aberration for follow
up. Abnormalities that can be used are 
polyploidies, trisomies, and partial triso
mies. There are reports that some structural 
abnormalities can also be studied by ISH 
[2, 6]. 

In interphase cells repetitive probes give 
less ambiguous signals than do chromosome 
library probes. The signals of the latter are 
often uninterpretable in a large number of 
cells because of overlapping. Unspecific 
hybridization of some repetitive probes 
(e .g., for acrocentric chromosomes) may be 
a problem in interphase cells but not to the 
same extent in mitotic cells, where chro
mosomes can be recognized morphological
ly. 

In interphase cytogenetic studies of leu
kemias, several chromosome-specific repe
titive probes, such as those for chromo
somes 1, 7, 8, 9,12, and Y, have been used 
[1, 12, 15, 21]. Apart from ourselves, no 
other investigators have used these probes 
in immunologically and morphologically 
classified cells. We have also adapted chro
mosome library probes to MAC prepara
tions (Tiainen et aI., in preparation). 

Because hybridization rate hardly ever 
approaches 100 % and because the inter
pretation of the number of signals is not 
reliable for every cell especially when libra
ry probes are used, the MAC-ISH tech
nique cannot be used for the detection of 
minimal residual cells with chromosome 
monosomy or deletion. 

Use of MAC· ISH in Minimal Residual 
Disease 

The MAC-ISH technique should not be 
used alone but in combination with stand-



ard chromosome banding analysis. G-band
ing at the time of diagnosis provides the 
basis for choosing a probe or probe combi
nation for follow-up of the disease. Before 
adoption , the probe(s) chosen will be tested 
on a specimen obtained at the time of 
diagnosis. Standard immunophenotyping 
should also be performed at the time of 
diagnosis to enable one to pick the right 
antibodies for efficient detection of neo-
plastic cells (e .g., kappa/lambda light-chain L..C.::.....-____________ ----I 

cIonality in B-cell diseases). In cases where 
immunophenotyping can not be expected 
to yield additional information, however, 

A 

B o 

Fig. lA-D. A cytospin preparation stained by immunoperoxidase technique from a patient with 
chronic lymphocytic leukemia. Three lambda (A) positive cells and one kappa (8) positive cell after 
immunoperoxidase staining. In situ hybridization with chromosome 12-specific alpha satellite DNA 
probe pSP12-1 (Greig et al. [7]) demonstrates that the lambda-positive cells contain trisomy 12 (C), 
whereas the kappa-positive cell shows two in situ hybridization spots (D). Most of the kappa-negative 
cells have trisomy 12 
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ISH should be performed primarily on 
standard chromosome preparations, skip
ping the immunocytochemistry stage (1-2 
days). Without immunocytochemistry, ISH 
takes 1-11f2 days to perform. Today routine 
investigations of leukemia patients at our 
laboratory include both standard cytogen
etic analysis and MAC-ISH. The future will 
tell the real value of the MAC-ISH meth
odology in the detection of minimal resi
dual disease and in the evaluation of its 
clinical significance. 
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Detection of Residual Leukemic Cells in AML 

B. Wormann l , s. Konemann l , A. Humpe l , M. Safford2, K. Zurlutter l , K. Schreiberl , 

K. Piechotka l , Th. Buchnerl , W Hiddemann l , and L. W. M. M. Terstappen2 

Introduction 

Sixty to seventy percent of adult patients 
with newly diagnosed AML can achieve a 
complete remission (CR) through intensive 
chemotherapy [1--6]. However, the majority 
of these patients will suffer relapse within 2 
years. With the exception of age, secondary 
leukemias, and a small group of cytoge
netically defined AML, no universelly 
accepted prognostic marker has been 
identified which would allow early treat
ment stratification. Thus AML treatment is 
highly uniform, consisting of intensive 
induction chemotherapy, followed by con
solidating postremission therapy with or 
without bone marrow transplantation. The 
"gold standard" for the diagnosis of AML 
and therapy monitoring is the light micros
copic evaluation of cytology and cytochem
istry. Its sensitivity for the detection of 
residual leukemic cells is 5 % . 

In the past 5 years several cell biological 
markers and appropriate methods with high 
sensitivity have been described, which 
might be helpful in the detection of residual 
leukemic cells in AML. We have applied 
several of these techniques in bone marrow 
aspirates of patients with newly diagnosed 
disease as part of a prospective study. The 
methods and initial results will be discussed 
in the following chapters. 

1 University of Munster, Department of Internal 
Medicine A, University of Munster, Albert
Schweitzer Str. 33, 4400 Munster, FRG 
2 Becton Dickinson Immunocytometry Systems, 
San Jose, CA, USA 
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Methods for the Detection of Residual 
Leukemic Cells 

lmmunophenotyping by Multiparameter 
Flow Cytometry 

The generation of murine monoclonal anti
bodies against myeloid leukemic cell lines 
and myeloid leukemic blasts from patients 
raised high hopes for improvements in the 
diagnosis and classification of AML [7-12]. 
However, it soon became obvious, that all 
leukemia-associated antigens were also pre
sent on the surface of normal myeloid 
progenitor cells. Thus the use of mono
clonal antibodies for the detection of leu
kemic cells is limited by the incidence of 
normal committed progenitor cells within 
the bone marrow sample. A further limita
tion is the high heterogeneity of AML. No 
single antigen has been described with an 
incidence of >75 % in AML [12]. The 
maturation of hematopoietic progenitor 
cells to mature effector cells is characterized 
by the sequential acquisition and the loss of 
cell surface antigens [13]. Using a combina
tion of two or three monoclonal antibodies 
the maturation pathway of normal cells of 
myeloid, monocytoid, erythroid, and lym
phocytic lineage has been established based 
on the analysis of normal bone marrow 
aspirates [14-16]. Delwel et al. [17], Ter
stappen et al. [18], and Campana et al. [19] 
have applied fluorescence-optical meth
ods, in order to distinguish normal and 
leukemic myeloid progenitor cells. The 
characteristic feature of leukemic cells is 
the aberrant (asynchronous) expression of 
cell surface antigens. The technical require-



ments are met by automated flow cytomet
ers equipped with argon lasers. Cells can 
first be characterized using their light catter 
profile. The combination of forward light 
scatter and orthogonal light scatter makes 
possible the separation of granulocytes, 
monocytes, lymphocytes, myelocytes, pro
myelocytes, erythrocytes, erythroid proge
nitors, and blast cells [20, 21]. Using simul
taneous staining of cells with three mono
clonal antibodies conjugated to three fluor
escent dyes, the cell surface antigen expres
sion can be analyzed within each subpopu
lation. A sensitivity of 0.1 % can be 
achieved for the detection of cells with the 
leukemic phenotype within otherwise nor
mal bone marrow aspirates. The combina
tion of the in vitro culture technique for 
clonogenic leukemic blasts and the aberrant 
antigen expression of B-lineage antigens on 
myeloid cells has also been described as a 
useful marker for detection of residual 
leukemic cells in AML [22]. 

In April 1989 we started a collaborative 
study for the multidimensional analysis of 
leukemic blasts in patients with newly diag
nosed AML. Bone marrow aspirates were 
analyzed before therapy, after the first 
course of induction chemotherapy, at 
achievement of hematological CR, before 
consolidation therapy, before maintenance 
therapy, and in relapse. Monoclonal anti
bodies were used against C02 [23], 3, 4, 7, 
8,11b,11c,13,14,15,16,33,34,38,45,and 
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HLA-OR. The antibodies were either 
directly conjugated to the fluorochromes 
fluoresceinisothiocyanite (FITC) or phy
coerythrin (PE), or they were biotinylated. 
The latter conjugates were visualized using 
the tandem dye Ouochrome (Becton Dick
inson). 

In the first series of 60 patients, 59 
showed aberrant antigen expression which 
enabled the leukemic cells to be identified 
[24]. The patterns of aberrant antigen 
expression are as follows: 
1. Expression of lymphoid antigens on 

myeloid cells 
2. Asynchronous expression of stage-spe

cific myeloid antigens 
3. Overexpression of myeloid-lineage

associated antigens 
4. Lack of myeloid-lineage-associated an

tigens. 

The clinical course of 42 patients was 
followed. Residual leukemic cells were 
detected in the bone marrow aspirates of 
39/42 patients after one cycle of TAD9 and 
in 20/27 patients in hematological and 
microscopic CR. One clinical course is 
shown in Fig. 1. The patient's leukemic cells 
were characterized by the expression of a 
lymphoid-associated antigen on the mye
loid leukemic blasts. After double-induc
tion chemotherapy he achieved a hemato
logical remission, the bone marrow aspirate 
showing no significant infiltration of resi-

Fig. 1. Detection of leu
kemic cells by multipara
meter flow cytometry. Leu
kemic cells were character
ized by aberrant antigen 
expression using antibodies 
against myeloid- and lym
phoid-lineage-associated 
antigens. The relative num
ber of leukemic cells is 
shown on the y-axis. The 
patient entered hematologi
cal CR at 2 months and had 
overt relapse at 10 months. 
Multiparameter flow cy
tome try detected persistent 
leukemic cells throughout 
the whole period and a sig
nificant increase at 8 
months after initial diagno
sis 
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dual leukemic cells. However, multipara
meter flow cytometry revealed a persistent 
population of cells with the leukemic phe
notype. This population was consistently 
detected at unchanged frequency after con
solidation chemotherapy (4 months) and 
during maintenance chemotherapy (6 
months). At 8 months, the incidence of 
leukemic cells increased significantly. How
ever, the microscopic evaluation of the 
bone marrow aspirate by an independent 
hematocytologist confirmed a percentage 
of <5 % leukemic cells. Clinical relapse 
occurred at 10 months. The median obser
vation time in this patient group is too short 
for a definitive evaluation of the clinical 
significance of persistent cells with the 
leukemic phenotype. Preliminary analysis 
shows a high incidence of early relapses in 
patients with residual leukemic cells after 
consolidation therapy. 

DNA Aneuploidy 

The detection of aneuploidies by auto
mated quantitative DNA analysis is highly 
specific for malignant cells. Comparative 
studies using flow cytometry and cytoge
netics have shown a good correlation of 
DNA aneuploidies and numerical chromo
somal aberrations [25]. This analysis is fast 
and allows measurement of > 10 000 cells 
within 5-10 min. The incidence of DNA 
aneuploidies in the bone marrow aspirates 
of patients with newly diagnosed AML 
ranges from 20 % to 40 % [25-27]. A pros
pective study in our laboratory has revealed 
an incidence of 41.2 % (54/131 patients). 
Variations from the DNA content of;:::-5 % 
were detectable using an optimized elec
tronic setup and reference measurements 
with normal lymphocytes. The sensitivity 
for the detection of residual leukemic cells 
was 1 %-5 % if the deviation of the DNA 
content was ;:::-15 %. Cells with DNA aneu
ploidies closer to the GOII of normal mono
nuclear cells were not detectable with high 
sensitivity. The median of DNA aneuploid
ies in our study was 1.10. Only five patients 
had a DNA content of ;:::-1.15 and one 
patient had a hypoploidy of <0.9. Thus the 
number of informative patients for detec
tion of residual cells by flow cytometry is 
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relatively low. If a significant deviation of 
the cellular DNA content is present, this 
marker presents a simple, fast, and reliable 
method for the identification of leukemic 
cells. 

Chromosomal Breakpoints 

Acute myeloid leukemia is a very heteroge
nous disease. This is also reflected in the 
wide range of cytogenetic abnormalities 
associated with this disease [28]. Some 
entities are now well defined by a clonal 
chromosomal abnormality, a typical cyto
logical and immunophenotypic pattern, 
and a characteristic clinical course. These 
well-characterized subgroups include the 
acute promyelocytic leukemia (FAB M3) 
with t(15; 17) [29-31]; the t(6; 9) in AML 
M2 [32]; the AML M4Eo with inv16 [33, 
34]; the AML M2 with t(8; 21) [35]; and the 
AML M5a with translocation or deletion of 
11q23 [36]. In some cases the molecular 
biological analyses have defined the genetic 
breakpoint at the DNA and RNA level, 
thus enabling polymerase chain reaction 
(PCR) techniques analogous to the proce
dures used in chronic myeloid leukemia to 
be applied [37, 38]. This method combines a 
highly specific marker such as the 
DNA/RNA sequence of a chromosomal 
breakpoint and a highly sensitive method 
such as PCR. The group of informative 
patients is still small. 

Immunoglobulin and T-Cell Receptor 
Gene Rearrangements 

Gene rearrangements can be detected by 
Southern analysis and by PCR. These 
analyses were first used for the detection of 
clone-specific gene rearrangements in lym
phoid malignancies using the physiological 
gene shuffling of the T-cell receptor (TCR) 
and immunoglobulin (Ig) gene loci. Several 
authors have also analyzed bone marrow 
aspirates from patients with bonified AML 
and have detected rearrangements of the 
TCRy and 0 chains andlor the Ig heavy 
chain in up to 10 % [39-42]. A correlation 
of TCR and Ig gene rearrangements with 
expression of terminal deoxynucleotidyl 



transferase (TdT) has been described [43]. 
Southern analysis has a sensitivity of 
1 %-5 % for the detection of clonal rear
rangements. A physiological mechanism of 
diversity generation in TCR and Jg genes is 
the insertion of additional nucleotides at 
the genetic breakpoints. These randomly 
inserted bases constitute a highly specific 
marker for one respective lymphoid cell 
clone and have been used for the detection 
of minimal residual disease by PCR at the 
DNA level [44--46]. A sensitivity of 0.001 % 
for the identification of clonal lymphoid 
cells can be achieved. In a prospective study 
of 93 patients with newly diagnosed AML 
at our institution, only 2 patients had a 
TCR6 and one patient had an JgH gene 
rearrangement, which could be exploited by 
PCR. Both patients with TCR6 gene rear
rangements failed to achieve a CR. 

X-Linked Restriction Fragment Length 
Polymorphism 

Another useful marker for the determina
tion of clonality is the analysis of restriction 
fragment length polymorphism (RFLPs) 
based on the random inactivation of X 
chromosomal genes [47]. This method can 
only be applied in women. The incidence of 
informative patients for RFLPs of the phos
phoglycerine kinase gene and the hypoxan
thine-guanine phosphoribosyl transferase 
gene is about 20 %-25 % [48]. Using the 
recently described M27{3 probe, the per
centage of informative female patients can 
be raised to 90 % [49]. The sensitivity of this 
analysis by the Southern technique is 
1 %-5%. 

Oncogene Point Mutations 

The most extensively studied point muta
tions are those of the ras genes. They occur 
in well-defined regions of the N -ras genes at 
codons 12, 13, and 61 [50-52]. Using a set of 
appropriate oligonucleotides, these point 
mutations can be detected in 20 %-25 % of 
patients with AML. They are not leukemia
specific, but are found in a wide variety of 
malignant and premalignant conditions, 

including myelodysplastic syndromes [53]. 
Most probably they constitute one event in 
a multistep concept of malignant transfor
mation. The level of sensitivity for the 
detection of cells with point mutations 
within a population of cells in germline 
configuration is 2 %-5 %. Specificity and 
sensitivity categorize ras oncogene point 
mutations as a useful marker of clonality. 

Oncogene Transcription 

Overexpression of protooncogenes has 
been observed in a variety of hematological 
malignancies. In patients with AML, 
abnormally high levels of c-myc protein and 
persistence of a high c-myc transcription 
rate have been related to poor prognosis 
[54, 55]. Evinger-Hodges et al. have ana
lyzed the c-myc transcription in patients in 
morphological remission using a rapid and 
sensitive in situ hybridization technique 
[56]. They reported a shorter remission 
duration in patients with abnormally high 
levels and proposed this method as a sensi
tive marker for minimal residual disease. 
As part of our prospective study, we have 
also analyzed bone marrow aspirates and 
peripheral blood samples of 25 patients 
with newly diagnosed AML. Twenty-two 
patients were treated with TAD, three 
patients with cytosine arabinoside low-dose 
(ara-C) and idarubicine. Cells were pre
pared and hybridized as previously de
scribed [56]. Elevated transcript levels were 
found in 21 of the 25 patients. All patients 
showed a rapid decrease in the transcription 
level during the first 3 days of chemothera
py. No significant differences in the initial 
c-myc levels or its decrease were observed in 
the 11 patients who entered CR, compared 
with the patients without adequate blast 
clearance after induction chemotherapy. 
Persistent cells with high c-myc transcrip
tion were found in 6/11 patients in CR. 
However, control bone marrow aspirates 
from three of four patients with acute 
lymphoblastic leukemia (ALL) in regener
ation after high-dose chemotherapy with 
ara-C plus mitoxantrone also revealed the 
presence of cells with overexpression of 
c-myc transcription. These observations 
suggest that "abnormally" high transcrip-

199 



tion levels of c-myc may also occur physio
logically in regenerating bone marrow. 

Discussion 

In the past 5 years several methods have 
been developed for the detection of leu
kemia-associated markers. The sensitivity 
ranges from 0.001 % for PCR-based mark
ers to 5 % for markers of c1onality. Figure 2 
shows a schematic graph of residual leu
kemic cells in AML. A significant reduction 
of the relative number of leukemic cells can 
be achieved in the majority of patients, 
resulting in the recovery of normal hemato
poiesis and hematological CR. Our data 
using multiparameter flow cytometry sug
gest that the relative percentage of residual 
leukemic cells in the majority of these 
patients is in the range of 0.1 %-10% [57). 
Some patients have an even higher number 
of leukemic cells consistent with the con
cept of clonal remission. A small number of 
patients will not have detectable leukemic 
cells by flow cytometry, but will ultimately 

DIAGNOSIS 

relapse. More sensitive methods using 
amplification of leukemia-associated gene 
sequences by PCR can identify those 
patients. 

The vast majority of studies for minimal 
residual disease in AML use only one 
method to detect leukemic cells. The wide
spread use of the different methods now 
allows prospective studies comparing the 
different markers and their predictive value 
for the patient's prognosis. Based on the 
results, a clinical trial on treatment of early 
relapse can be conceived. 

Summary 

Sixty to seventy percent of patients with 
newly diagnosed acute myeloblastic leu
kemia (AML) can achieve a complete re
mission (CR) after intensive chemotherapy, 
but only 20 %-30 % can be potentially 
cured. In the absence of widely accepted 
prognostic markers for early treatment stra
tification, the therapy of AML is highly 
standardized and uniform. One approach 
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Fig. 2. Schematic diagram of residual leukemic cells in AML 
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for risk-adapted postremlsslOn therapy is 
the identification of residual leukemic cells 
in the bone marrow aspirates of AML 
patients in CR. Several leukemia-asso
ciated markers have been proposed (preval
ence in brackets) including clonal chromo
somal translocations (50 %), DNA aneu
ploidies (35 %), gene rearrangements 
(1 %-10 %), aberrant oncogene transcrip
tion (60 %), aberrant surface antigen 
expression (95 %), oncogene point muta
tions (20 %-25 %), and restriction frag
ment length polymorphisms (80 %-90 % of 
female patients). Strengths and weaknesses 
of the different markers and methods are 
discussed. 

In April 1989 we started a prospective 
study on residual leukemic cells in AML. 
Using multiparameter flow cytometry for 
immunophenotyping, the leukemic cells 
were identified in 59/60 patients with newly 
diagnosed AML based on aberrant antigen 
expression. Residual leukemic cells were 
detected in the bone marrow aspirates of 
39/42 patients after one cycle of TAD9 and 
in 20/27 patients in hematological and 
microscopic CR. The aim of the study was 
the evaluation of the prognostic signifi
cance of residual cells with the leukemic 
phenotype in CR and comparison of differ
ent markers. 

The clinical value of the detection of 
persistent leukemic cells has not been es
tablished, nor has the value of the different 
methods been compared in prospective 
studies. With the use of currently available 
methods strategies for a more individua
lized chemotherapy can be developed. 
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Detection of Residual Leukemic Cells in the Majority of AML 
Patients After the Administration of TAD9 

K. Zurlutter l , S. K6nemann I, M. Safford2, K. Schreiber I , Th. Buchner l , W Hiddemann 1, 

B. W6rmann l , and L. W. M. M. Terstappen2 

Introduction 

The maturation and differentiation path
way of normal bone marrow cells can be 
followed by monoclonal antibodies. Using 
five-dimensional flow cytometry (forward 
and side scatter, and three immunofluores
cence signals) normal cell maturation is 
characterized by gradual changes of light
scattering properties and by gradual loss or 
acquisition of specific cell surface antigens 
[1-4]. Leukemic blasts can be distinguished 
from normal bone marrow cells by aberrant 
expression of surface antigens, e.g., abnor
mal quantitative expression and coexpres
sion of cell surface antigens not occurring 
during normal maturation [5-7]. 

In an ongoing prospective study (begin: 
4/89), the bone marrow aspirates of 54 
patients with de novo acute myeloid leu
kemia (AML) were examined by using 
monoclonal antibodies and flow cytometry 
before and after induction chemotherapy. 
The reduction of the leukemic cell load by 
the first induction chemotherapy reflects 
the sensitivity of the blasts to the cytostatic 
agents and has been previously described as 
an indicator of prognosis. We analyzed 
leukemic populations before chemotherapy 
according to their degree of maturation and 
the relative proportion of leukemic cells. We 
investigated the modification of leukemic 
populations under the influence of one 
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cycle of TAD9 (thioguanine, cytosine ara
binoside, daunorubicin). 

Material and Methods 

Bone marrow aspirates were obtained from 
patients with newly diagnosed acute mye
loid leukemia (AML). Patient data are 
summarized in Table 1. For lysis of erythro
cytes, a volume of bone marrow was diluted 
with 14 volumes of lysis solution. This 
mixture was incubated for 15 min at a 
temperature of 37°C and centrifuged at 400 
x g for 10 min. The pellet was resuspended 
with RPMI 1640 and the solution was 
centrifuged again at 400 x g for 10 min. This 
washing step was repeated twice. After this 
procedure the pellet was resuspended with 
RPMI 1640 for a final concentration of 2 x 
105-1 X 106• Then the cells were incubated 
for 20 min with 15 [tl pretitered monoclonal 
antibody in six combinations of three anti
bodies and in two combinations of two 
antibodies on ice at 4 0c. The fluorochromes 
FITC (fluoresceinisothiocyanite), PE (phy
coerythrin), and Duochrome (Becton Dick
inson' San Jose, CA, United States) were 
used. Antibodies were directed against the 
following antigens: CD (cluster designa
tion) 2 (Leu5b), CD7 (Leu9), CDllb 
(LeuI5), CDllc (LeuM5), CD 13 (LeuM7), 
CD14 (LeuM3), CD15 (Ll6), CD15 
(LeuMl), CD16 (Leulla), CD19 (LeuI2), 
CD20 (LeuI6), CD22 (LeuI4), CD33 
(LeuM9), CD34 (HPCA-l), CD38 
(LeuI7), CD41 (IlIa), CD45 (HLe-l), and 
HLA-DR (HLA-DR). The antibodies were 



Table 1. Patient characteristics 

Number 

Age 

Sex 

FAB 

Median: 
<60 years: 
>60 years: 

M: 
F: 

Ml M2 
6 11 

Therapy outcome 
ED NR 

14 7 

54 

61.5 years 
25 
29 

32 
22 

M3 M4 
4 13 

PR 
2 

M5 
12 

M6 
5 

CR 
17 

M7 
1 

CCR 
14 

AUL 
2 

CCR: 7+ to 19+ months 

Table 2. Maturation data 

Subpopulation Patient (n) 

1 11 
2 25 
3 15 
4 2 
5 1 

54 

generously provided by Becton Dickinson 
Immunocytometry Systems (BDIS). 

After each staining step the cells were 
washed with 2 ml phosphate-buffered saline 
(PBS) and centrifuged at 1200 x g for 2 
min. Finally the antibody-labeled cells were 
fixed in 1 % PFA (paraformaldehyde) in 
PBS. The samples were analyzed on a 
FACScan (BDIS). 

Results 

Subpopuiations 

The bone marrow aspirates of 54 patients 
with de novo AML were classified accor
ding to the number of leukemic subpopula
tions and the degree of maturation before 
therapy. Maturation was defined as a degree 
of differentiation analogous to normal 
myeloid cell development. Data of these 
subpopulations are shown in Table 2. We 

No maturation Maturation Both 

8 
3 
1 

12 

3 
4 18 
1 13 

2 
1 

8 34 

analyzed the changes in the phenotypes and 
the incidence of these subpopulations 
through TAD9 chemotherapy. Detailed 
analysis before and after administration of 
TAD9 revealed five different patterns: 
1. Loss of all populations 
2. No change 
3. Appearance of new populations 
4. Loss of populations but persistence of at 

least one population 
5. Combinations of categories 3 and 4 

The results of the respective patterns are 
listed in Table 3. 

Immunophenotypic Changes After 
Administration of TAD9 

As described in Table 2, 43 of 54 patients 
(80 % ) patients had more than one sub pop
ulation. In 34 patients (63 %) we found less 
and more mature subpopulations. Only 20 
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Table 3. Immunophenotypic changes after administration of TAD9 

1 2 

Patients (n = 39) 3 18 

Category 
3 

1 

4 5 

12 5 

Table 4. Correlation of residual disease after administration of TAD9 and therapy outcome 

Therapy outcome 
% leukemic cells NR PR CR CCR 

0%-5% 4 7 
>5% <25% 2 5 2 
>25% <50% 4 2 1 
>50% 6 1 
Total 12 12 1 

NR, no remission; PR, partial remission; CR, complete remission; CCR, continuous complete 
remission 

patients (37 %) had only one type of sub
population. After administration of TAD9 
(Table 3) only 3/39 patients (7 % ) lost all of 
their leukemic cells. In 18/39 patients 
(46 %) there was no change, one new 
population appeared in 1/39 patients (3 %), 
and we found the loss of at least one 
population in 12/39 patients (31 %). In 5/39 
(13 %) cases the changes can be described 
as a combination of categories 3 and 4. 

Residual Blasts After Administration of 
TAD9 and Therapy Outcome 

We correlated the percentage of residual 
blasts with therapy outcome. Data are 
shown in Table 4. All patients with less than 
5 % residual leukemic cells by FCM 
reached a complete remission. This result 
was independent of the second induction 
course, which was randomized for TAD9 or 
high-dose cytosine arabinoside (ara-C) and 
mitoxantrone. Of the 17 patients with less 
than 50 % residual blasts, 10 achieved a 
complete remission after the second induc
tion course, while 6 did not respond and 1 
achieved a partial remission. One patient 
had more than 50 % residual leukemic cells 
on day 16. This patient suffered from sys
temic fungal infection after the first induc-
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tion course and did not receive further 
chemotherapy for 4 weeks. After that per
iod he had another bone marrow aspirate 
taken which showed a blast count of less 
than 5 % by light microscopy. The complete 
remission lasted 3 months. 

Discussion 

Only 10 %-20 % of all adult patients with 
newly diagnosed acute myeloid leukemia 
will have an event-free survival of more 
than 5 years. Attempts for improvements of 
these results include introduction of new 
treatment concepts, use of new drugs or 
better use of "old" drugs, and preselection 
of patient according to risk group. Prognos
tic factors include age, secondary leukemia, 
and cytogenetically defined subgroups. 
Widespread application of the latter mar
ker is hampered by the time-consuming 
technique. One approach for the identifica
tion of high-risk groups is the quantification 
of residual leukemic cells after the first 
treatment course. In the vast majority of 
therapy protocols, the first part of the 
induction therapy includes ara-C and 
anthracyclines, which are the most efficient 
drugs in AML treatment. Quantification 
can be done by light microscopy or by use of 



other methods, which are able to distin
guish leukemic cells from normal myeloid 
progenitor cells. Multiparameter flow cy
tometry using combinations of monoclonal 
antibodies has proven to be such a method 
and we have started a prospective study to 
determine the value of detecting residual 
leukemic cells during and after intensive 
chemotherapy. 

In this part of the study we have analyzed 
the significance of residual cells 7 days after 
TAD9 treatment. All patients with less than 
5 % leukemic cells at this time point 
achieved a complete remission, while in the 
group with more than 50 % leukemic cells 
only one patient achieved CR. The detailed 
analysis of the leukemic cells showed a wide 
variability. Some subpopulations disap
peared completely below the level of detec
tability by flow cytometry, while others 
revealed an antigenic shift. In one bone 
marrow aspirate, a previously unrecognized 
subpopulation was detected. It was proba
bly masked by other dominating subpopu
lations at initial diagnosis. 

The results suggest that multiparameter 
flow cytometry offers a method for objec
tive calculation of residual leukemic cells 
after chemotherapy. It measures the in vivo 
sensitivity of AML blasts to cytostatic 
agents and might provide a reliable tech
nique for early treatment stratification. 
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Flow Cytometric Characterization of Therapy-Resistant 
Leukemic Subpopulations in Relapse 

S. Konemann l , K. Zurlutter l , M. Safford2, K. Schreiberl , Th. Buchnerl , W Hiddemannl , 

B. Wormann l , and L. W. M. M. Terstappen2 

Introduction 

Diagnosis and monitoring of acute myeloid 
leukemia (AML) is conventionally per
formed using light microscopy on Pappen
heim- and cytochemically stained cells. The 
sensitivity of this technique is 5 % for the 
detection of leukemic cells. Recently, more 
sensitive methods have been developed for 
the detection of minimal residual disease, 
including the identification of leukemic 
cells by flow cytometry using the aberrant 
expression of cell surface antigens. The 
main advantage of this technique is its 
representative cell analysis (30000 exam
ined cells or more) and the high percentage 
of informative patients [1]. In the present 
study, we have characterized leukemic cells 
by using multiparameter flow cytometry at 
diagnosis, during chemotherapy, and in 
relapse. For studies on residual leukemic 
cells two aspects are important: 
1. Are the residual leukemic blasts respon

sible for relapse? 
2. Is there a selection of malignant cells 

caused by chemotherapy? 

Material and Methods 

This prospective study contains 83 patients. 
A unique patient number (MS ... ) was 
assigned to each patient. All patients were 
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treated at the Department of Internal 
Medicine A at the University of Munster 
according to the protocol of the German 
AML Cooperative group [2], with the 
exception of three patients who were given 
palliative chemotherapy only. Bone marrow 
aspirates were obtained before therapy (A) 
and at different time points of therapy 
evaluation, i.e., after induction therapy 
(B), in complete remission (C), before 
consolidation (D), and before or after 
maintenance therapy (E, F). Eight patients 
were also immunophenotyped in relapse. 
Their characteristics are given in Table 1. 

For flow cytometric analysis the nonnu
cleated erythroid cells were lysed in hypo
tonic NH4CI solution, centrifuged, and 
washed three times in RPMI 1640. For 
immunological staining, 1 x 106 cells were 
resuspended in 1 ml phosphate-buffered 
saline (PBS) containing 1 % bovine serum 
albumin and incubated with 20 I fluores
cence-labeled monoclonal antibodies for 20 
min. Antibodies against the following 
antigens were used: CD3 (Leu4), CD4 
(Leu3), CD7 (Leu9), CD8 (Leu2), CDllb 
(LeuI5), CDllc (Leu M5), CD13 (Leu 
M7), CD14 (Leu M3), CD15 (L16 and Leu 
Ml), CD16 (Leu16), CD33 (Leu M9), 
CD34 (HPCA-l), CD38 (Leu17), CD45 
(HIe-I), and HLA DR [3], LDS was added 
to identify nucleated cells. All monoclonal 
antibodies were labeled directly or indirect
ly with three different fluorochromes fluor
esceinisothiocyanite (FITC) , phycoery
thrin (PE), and DUOchrome or PerCP). 
After staining, cells were fixed in parafor
maldehyde (PFA 1 %) and analyzed on a 



flow cytometer (FACScan, Becton Dickin
son Immunocytometry Systems, BDIS 
using Paint A Gate Software (BOIS). 

Results 

Multiparameter Flow Cytometric Analysis 
of Leukemic Blasts Before Chemotherapy 

At diagnosis leukemic blasts were charac
terized according to the following four 
groups of aberrations [1]. 

Coexpression of Myeloid-Lineage and 
Lymphoid-Lineage-Associated Antigens 

Figure 1 shows the antigenic profile of 
patient MS6. Two leukemic subpopulations 
were detected, the dominating leukemic 
population coexpressing the T-lymphoid 
marker CD7 and the myeloid lineage-asso
ciated antigen CD13 (black dots). The 
normal T lymphocytes, which are only CD7 
positive, are printed gray. The mature 
neutrophils express CD7 unphysiologically. 

Fig. 1. Coexpression of 
myeloid-lineage and lym
phoid-lineage associated 
antigens 

Fig. 2. Asynchronous 
expression of immature and 
mature antigens 

FSC 

Two leukemic populations were further 
distinguished by their expression of CD14 
(not shown) . 

Asynchronous Expression of Immature 
and Mature Antigens 

Figure 2 shows the initial antigenic profile 
of patient MS74. Two leukemic populations 
were detected. The dominating leukemic 
population is CD34+ (dim to interme
diate), CD38+, and CD1S (U6)-. This 
population is printed in black and gray dots. 
The second smaller population (black dots) 
expresses CD34, CD38, and CD1S (U6). 
The latter population is an example of the 
unphysiological coexpression of the stem 
cell-associated antigen CD34 and an anti
gen (CD1S) that is normally expressed on 
mature neutrophils. 

Overexpression of Antigens 

The majority of leukemic blasts of patient 
MS33 are characterized by their unphysio
logically high expression of CD34 (black 

w 
a.. 
tT1 ..... 
CJ 
U 

C07 FITC 

C03 ~ FITC 

209 



dots, Fig. 3). These cells lack CD33 and 
CD15 (Leu Ml), compatible with immature 
cells in the normal maturation pathway. The 
second leukemic population is weakly posi
tive for CD34 and coexpresses CD33. This 
population shows a partial maturation, visi
ble by the acquisition of CD15 (Leu Ml). 

Unphysiological Absence of Antigens 

The only leukemic population of patient 
MS17 (FAB M3) is colored black in Fig. 4. 
Based on the light scatter profile, these cells 
can be identified as promyelocytes. In nor
mal bone marrow, cells of this stage of 
maturation are positive for CD33 , CDllb , 
CDllc, and CD15. The leukemic blasts of 
this patient , however, lack CDllc. The few 
mature neutrophils also lack CDllc. In 
addition, the leukemic cells are HLA DR-. 
Data on the detection of subpopulations in 
the eight patients, who were also analyzed 
in relapse, are listed in Table 1. 

":.: . . 
',\. - . 
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Comparison of Immunophenotypic Fea
tures of Leukemic Blasts Before Chemo
therapy and in Relapse 

The antigenic profile of the leukemic blasts 
in relapse was compared with their initial 
phenotype at diagnosis. Three different 
types were distinguished: 

Reidentification of Initially Present Leu
kemic Subpopulations 

No Change in the Immunophenotype. All 
initially present leukemic subpopulations of 
four patients (MS8, MS60, MS74, MS76) 
were reidentified at relapse. The immuno
phenotypic profile of the leukemic cells was 
nearly unchanged. Figure 5 shows two leu
kemic populations (patient MS76), charac
terized by CD7, CD14, and HLA-DR, 
which can clearly be detected at diagnosis 
and at relapse. One initially present sub
population is HLA-DR+ , CD7+ , and 
CD14- (marked X). The same subpopula
tion can be identified at relapse. The second 
leukemic subpopulation coexpressing 

FSC C034 FlTC Fig. 3. Overexpression of 
antigen 

FSC 
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Table 1. Patient characteristics and number of leukemic subpopulations at diagnosis 

UPN 3 8 14 51 60 74 76 88 

Sex m f m m f m f m 
Age 68 27 36 57 66 66 37 24 
CR duration 8 6 14 10 3 5 4 1 
(in months) 
Subpopulations 3 1 3 2 2 2 2 3 

Before chemotherapy 

FSC 

Relapse 

Fig. S. Reidentification of leukemic subpopulations 

CD14 (marked 0) is also present in 
relapse. 

Elimination of Subpopulations. In three 
cases (MS14 , MS51 , MS88) the number of 
initially present populations was reduced to 
only one population in relapse. In these 
cases the only relapse population was simi
lar to one of the initially present leukemic 
subpopulations. In two of these patients the 
antigen density changed between initial 
diagnosis and relapse. 

Identification of "New" Populations at 
Time of Relapse 

The majority of leukemic blasts of patient 
MS3 were CD33 positive and partially 
CD34 positive at relapse. Compared with 
the immunophenotype of the three initially 
present populations, it became obvious that 
this population was not detectable at diag
nosis. 
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Identification of Residual Leukemic Cells 
During Chemotherapy 

In seven of eight patients (exception: 
patient MS3) residual leukemic cells were 
identified during chemotherapy which had 
a similar antigenic profile to the leukemic 
blasts at relapse . An example is given in 
Fig. 6. Initially two leukemic subpopula
tions were detected (patient MS74). One 
population was double positive for CD34 
and CD38 but negative for CD15 (L16). 
This population was detectable before con
solidation therapy and in relapse. The 
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CD34 FITC Fig. 6. Residual leukemic 
blasts causing relapse 

second leukemic population coexpressed 
CD34 and CD15 (L16) and additionally 
expressed CD38 strongly. This population 
was also present before consolidation ther
apy and in relapse. 

Discussion 

Eighty-three consecutive adult patients 
with newly diagnosed AML were included 
in this prospective study on (minimal) resi
dual disease. Goals were the identification 
of leukemic cells prior to chemotherapy, the 



detection and characterization of residual 
leukemic cells during chemotherapy, and 
finally the reidentification of leukemic cells 
in relapse. The majority of patients were 
treated according to the AML protocol of 
the German Cooperative group, with dou
ble induction therapy, maintenance, and 
consolidation therapy. Three patients were 
treated with low-dose ara-C and idarubicin 
only. Twelve patients have relapsed so far, 
and eight were immunophenotyped in 
relapse, and at several time points in bone 
marrow aplasia and in complete remission. 
Using multiparameter flow cytometry, the 
majority of patients had two or three leu
kemic subpopulations at diagnosis. In four 
of the eight patients all initially present 
populations were detectable during chemo
therapy and in relapse. In three cases 
chemotherapy caused the elimination of 
one or more initially present subpopula
tions. The relapse population was also seen 
in complete remission. A shift of antigen 
density of residual leukemic cells was 
observed. In one patient a previously unde
tected subpopulation of leukemic cells 
appeared in relapse. These data suggest that 
it is possible to determine a combination of 
informative antibodies at diagnosis and use 
if for the monitoring of residual cells. Some 
subpopulations seem to be more malignant, 
i.e., resistant to chemotherapy and with 
higher proliferative capacity than others, 
thus explaining their sole reappearance in 
relapse. The observation of a previously 
undetected subpopulation in relapse could 
be due to antigenic shifts after chemother
apy, to genetic instability, or to selective 
elimination of other dominating subpopula
tions through induction and consolidation 
therapy. At present, we have no convincing 
experimental evidence for any of these 
hypotheses. The chemotherapy-resistant, 
relapse-causing cells were also detectable in 
complete remission, supporting the use of 

muitiparameter flow cytometry for moni
toring of residual disease. This could be the 
basis for a more individualized chemother
apy in the extremely heterogeneous AML 
which could be better able to meet the 
problem of chemotherapy-resistance. 

Summary 

In a prospective study on patients with 
newly diagnosed acute myeloid leukemia 
(AML) , several leukemic subpopulations 
were identified and characterized prior to 
chemotherapy using multiparameter flow 
cytometry. In seven of eight patients the 
relapse population was identical to at least 
one of the initially present leukemic sub
populations. In some relapse populations a 
shift in the antigen density of residual 
leukemic blasts was observed. In one of 
eight patients the relapse population was 
different from the initially present leukemic 
subpopulations but was identified with the 
selected combination of antibodies. 
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Chronic Myelogenous Leukemia in Blastic Phase: 
A Model of Heterogeneity and Resistance in Acute Leukemia 

H. M. Kantarjian', M. Talpaz2 , M. Wetzler2, S. O'Brien', E. Estey', W Plunkett', 
W. Zhang', M. 1. Keating', and A. Deisseroth' 

The heterogeneity and resistance of chronic 
myelogenous leukemia in blastic phase 
(CML-BP) are attributed to: (1) the 
involvement of the earliest progenitor cell 
by the disease pfocess and (2) the acquisi
tion of multiple mutational events during 
the evolution from the chronic to the blastic 
phase. 

The heterogeneity of CML-BP is ex
pressed at the morphologic, cytogenetic, 
and molecular levels, and in the mecha
nisms of blastic transformation. CML-BP is 
the most frustrating and resistant form of 
acute leukemia, and has the worst progno
sis. The unique characteristics of the disease 
and the recent therapeutic trends will be 
reviewed. 

Morphologic Heterogeneity of CML-BP 

The capacity of CML to evolve from a very 
primitive stem cells is exhibited by the wide 
spectrum of morphologies seen during blas
tic transformation. In a review of 247 
patients studied in CML-Bp, 129 (52 %) 
showed a myeloid, 62 (25 %) an undifferen
tiated, and 56 (23 %) a lymphoid blastic 

1 Departments of Hematology and 2Clinical 
Immunology and Biological Therapy, MD 
Anderson Cancer Center, 1515 Holcombe Bird., 
Houston, Texas 77030, USA 
Dr. Kantarjian is a Scholar of the Leukemia 
Society of America. 
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morphology. When a subset of patients with 
"undifferentiated" blasts were further ana
lyzed by immunophenotyping and electron 
microscopic studies, most (80 %) expressed 
myeloid markers on their blasts. This sug
gested that the undifferentiated blastic 
phase was more similar to the myeloid 
rather than the lymphoid blastic phase. This 
was supported by the patterns of survival 
and response to acute lymphoid leukemia 
(ALL) treatment. The median survivals of 
patients with myeloid and undifferentiated 
CML-BP were 3 and 4 months respectively, 
compared with 9 months for those with 
lymphoid CML-BP (Fig. 1; p < 0.01). Re
sponse to frontline CML-BP therapy was 
also significantly better in those with lym
phoid morphology (Table 1). A subset of 51 
patients were treated with the vincristine, 
doxorubicin, and dexamethasone (VAD) 
regimen, also used in ALL. Of 38 patients 
with lymphoid blastic phase, 17 (45 % ) 
achieved a complete remission (CR) and 3 
(8 %) a partial response (PR) for an overall 
response rate of 53 % . This compared with 
only one PR (8 %) among 13 patients with 
undifferentiated blastic phase treated with 
VAD. Thus, the morphologic heterogeneity 
in CML-BP is associated with significant 
therapeutic and prognostic differences. 

In other studies where more detailed 
analyses were performed (electron micros
copy and platelet peroxidase staining, het
erologous antibodies against factor VIII, 
monoclonal antibodies against glycoprotein 
lIb/IlIa, glycophorin antibody), less than 
10 % of patients were found to have mega
karyocytic or erythroid blastic transforma
tion. 
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Fig. 1. Survival of patients with chronic myelogenous leukemia in blastic phase according to the blast 
morphology 

Table 1. Response to first therapy in chronic myelogenous leukemia in blastic phase by blast 
morphology and therapy 

Characteristic No. treated No. CR ('Yo) 

A. Morphology 
Myeloid 116 18 (16) 
Undifferentiated 52 5 (10) p < 0.01 
Lymphoid 52 29 (56) 

B. VAD therapy 
Lymphoid 38 17 (45) 

P < 0.01 Undifferentiated 13 0 ( 0) 

CR, complete response; VAD, vincristine, doxorubicin, and dexamethasone 

Cytogenetic Heterogeneity of CML·BP 

Cytogenetic abnormalities in malignancy 
serve as useful "fingerprints" to investigate 
the abnormal molecular events in a partic
ular tumor. Such strategies have been fruit
ful in chronic phase CML [Philadelphia 
chromosome (Ph) and bcrlabl oncogene], 
Burkitt's lymphoma (translocations be
tween chromosome 8 and 14, 2, or 22, and 
the myc oncogene), and other cancers. The 

evolution of CML into the blastic phase is 
associated with frequent nonrandom chro
mosomal changes. A double Ph, trisomy 8, 
and isochromosome 17 abnormality are 
found alone or in various combinations in 
73 % of patients with chromosomal abnor
malities in addition to Ph [1] (Table 2). 
Despite these cytogenetic "fingerprints," 
the molecular abnormalities are not well 
clarified, as will be discussed below (Ta
ble 3). Patients who develop additional 
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Table 2. Cytogenetic abnormalities in chronic myelogenous leukemia in blastic phase (192 
patients) 

Karyotype 

Philadelphia chromosome only 
Additional abnormalities 

- Double Philadelphia 
- Trisomy 8 
- Isochromosome 17 
- Any combination of the above 
- Other changes 

No. patients (%) 

78 (41) 
114 (59) 
49 (26) 
49 (26) 
34 (18) 
83 (43) 
31 (16) 

a Eighty-three of 114 patients (73 %) with additional abnormalities had changes involving a dou
ble Philadelphia, trisomy 8, or isochromosome 17 

Table 3. Pathophysiology of chronic myelogenous leukemia 

Phase 

Chronic 
Accelerated 
Blastic 

Monocytic transformation 
Chronic myelomonocytic leukemia, juvenile 
chronic myelogenous leukemia 

chromosomal abnormalities in CML-BP 
have lower CR rates and shorter survival 
compared with those who do not [1]. 

Molecular and Pathophysiologic 
Heterogeneity of CML-BP 

The presence of a double Ph and trisomy 8 
led to the investigation of whether the 
bcrlabl or myc oncogene expressions were 
altered in CML-BP. Elevated bcrlabllevels 
were observed in a subset of patients with 
CML-BP [2, 3]. Increased myc expression 
was also found in CML-Bp, but was similar 
when immature cells from blastic and 
chronic phase were compared. 

The isochromosome 17 abnormality led 
to studies of mutations or rearrangements 
of p53, a suppressor gene localized to the 
short arm of chromosome 17. This could 
explain the loss of chronic phase control and 
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Cytogenetic fingerprint 

Philadelphia chromosome 
Double Philadelphia 
Trisomy 8 
Isochromosome 17 

Possible molecular 
abnormality 

bcrlabl 
bcrlabl 
myc 
p53 
G-CSF 
ILl 
ras mutations 
GM-CSF,IL6 

disease acceleration. In three studies, a low 
incidence (3 %) of p53 mutation or rear
rangement was found in chronic phase; this 
increased slightly (up to 20 %-25 %) with 
disease transformation in some studies 
[4-6] (Table 4). Zhang et al. [7] have shown 
that the nuclear levels of p53 were elevated 
in blastic phase compared with chronic 
phase CML, this being due to prolongation 
of the p53 half-life from 20 min to more than 
3 h. 

Wetzler et al. [9] reported the constitu
tive expression of IL-1~ to be elevated in 
patients with accelerated or blastic phase 
CML, as well as in those with clinical 
resistance to a-interferon while in chronic 
phase (Table 5). They hypothesized that 
autocrine and paracrine IL-1~ production 
may be responsible for CML transforma
tion and resistance. 

Juvenile CML and chronic myelomono
cytic leukemia may be pathophysiologically 



Table 4. Rearrangement or point mutations in p53 in chronic myelogenous leukemia 

Study (reference) No. analyzed No. with p53 abnormality 
(%) 

A. Chronic phase 
Kelman et al. (4) 
Bar-Eli et al. (5) 
Mashal et al. (6) 

39 
34 
39 

14 

1 ( 3) 
1 ( 3) 
1 ( 3) 

B. Accelerated-blastic phase 
Kelman et al. (4) 
Bar-Eli et al. (5) 34 (blastic) 

4 (29) 
6 (24) 
1 (25) 
1 ( 3) Mashal et al. (6) 

4 (accelerated) 
29 

Table 5. Constitutive expression of II-If) in interferon-resistant chronic phase and in transformed 
phases of chronic myelogenous leukemia 

CML phase 

Chronic 
- Interferon sensitive 
- I nterferon resistant 

Accelerated-blastic 

No. positivltotal (%) 

IL-1 mRNA IL-1 protein 

4/14 (29) 
12/18 (67) 
7/14 (50) 

3/13 (23) 
12/16 (75) 
10/13 (77) 

Table 6. Ras mutations in chronic myelogenous and myelomonocytic leukemia 

Disease (reference) 

Ph-positive CML (11) 
- Chronic 
- Blastic 

Ph-negative CML (12) 
Chronic myelomonocytic leukemia 

- Padua et al. (13) 
- Ginsberg et al. (12) 

related to production of granulocyte
macrophase colony stimulation factor 
(GM-CSF) and interleukin-6 [9, 10]. Our 
group has also found that mutations in the 
ras oncogene are rare in Ph-positive CML, 
but are frequent in chronic myelomonocytic 
leukemia (Table 6) [11, 12]. This suggested 
a role for ras oncogene mutations in mono
cytic disease evolution. The presence of ras 
oncogene mutation may also be related to 
patient survival: in 30 patients with CMML 
analyzed, the median survival was 35 
months among 13 patients with no ras 

No. patients No. with ras mutations (%) 

29 
22 

6 
16 

30 

o ( 0) 
2 ( 9) 
o ( 0) 

11 (69) 

17 (57) 

mutations, and 11 months among 17 
patients with ras mutations [12]. 

Therapeutic Heterogeneity 
and Resistance in CML-BP 

Three therapeutic concepts have been 
investigated in CML-BP: (1) marrow abla
tive therapy followed by allogeneic or auto
logous stem cell transplantation, (2) inten
sive chemotherapy to induce marrow hypo
plasia and regrowth of normal or chronic 
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phase CML cells, and (3) differentiation 
therapy. 

Marrow Ablative Therapy 

Allogeneic bone marrow transplantation 
(BMT) is the only curative modality in 
CML-Bp, although the results of therapy 
are significantly worse than those achieved 
in chronic phase. Long-term disease-free 
survival (DFS) is reported in 10 %-15 % of 
patients treated [14, 15]. The realistic DFS 
rate is less, considering that many patients 
in CML-BP with available donors cannot be 
transplanted due to poor performance sta
tus, infections, or organ dysfunction. Most 
failures following allogeneic BMTwere due 
to inadequate eradication of the CML-BP 
clones, which have become resistant to 
proven myeloblastic regimens. The relapse 
rate following allogeneic BMT is 
50%-90% in CML-BP compared with 
5 %-30 % in chronic phase (Table 7). 

The results of autologous BMT in CML
BP are disappointing (Table 7). Using 
autologous stem cells collected in chronic 
phase for marrow repopulation, a second 
chronic phase is achieved in 50 %-60 % of 
patients. The median duration of second 
chronic phase is short, however, ranging 
from 3 to 6 months [16, 17]. Improvement 
in prognosis may be achieved with: (1) 
better marrow ablative regimens, (2) the 
use of double autologous BMT, (3) post
BMT maintenance therapy (a-interferon, 
interleukin-2), or (4) infusion of "purged" 
stem cells (enrichment of normal stem cells 
by in vivo therapy or in vitro manipula
tion). 

Intensive Chemotherapy 

This approach has so far yielded disappoint
ing results. At our institution, we have 
conducted a series of studies with high-dose 
cytosine arabinoside (ara-C) alone, in com-

Table 7. Bone marrow transplantation results in CML-BP 

Study (reference) No. patients Survival percentage Leukemia relapse 
at 4 years (%) 

I. Allogeneic 
Thomas et al. [14) 42 14 80 
Goldman et al. [15) 22 14 40 
International BMT registry 54 16 45 

II. Autologous Percentage achieving Median survival 
second chronic phase (months) 

Haines et al. [16) 51 94 6 
Reiffers et al. [17) 45 76 4.5 
Compiled studies 38 29 to 60 4 to 7 

Table 8. High-dose cytosine arabinoside (HD ara-C) containing regimens in CML-BP 

Study (reference) Regimen 

Iacoboni et al. [18) HD ara-C 
Kantarjian et al. [19) Mitoxantrone 

+ HD ara-C 
MDACC (unpublished) Daunorubicin 

+ HD ara-C + 
GM-CSF 

218 

No. patients 

22 
27 

20 

Percentage CR Median survival 
(weeks) 

23 16 
27 14 

25 15 



bination with mitoxantrone, and in combi
nation with daunorubicin and GM-CSF. The 
CR rates were modest and were not 
improved by the addition of anthracyclines 
[18, 19]. GM-CSF as supportive therapy 
following intensive chemotherapy did not 
shorten the duration of myelosuppression, 
or reduce the overall incidence of febrile 
episodes (Table 8). Other intensive chemo
therapy programs which have been pre
viously reviewed have also produced poor 
results [1]. 

Differentiation Therapy 

Differentiation therapy is an interesting 
concept hich proposes to induce the matu
ration of CML-BP blasts and reinstitution 
of a chronic phase. Differentiating agents 
investigated have included: (1) low-dose 
ara-C, (2) mithramycin and hydroxyurea, 
(3) homoharringtonine, and (4) tiazofurin. 
Retinoids are other potentially useful 
agents. Therapy with low-dose ara-C was 
associated with a low response rate, which 
was probably attributable to the myelosup
pression rather than differentiation proper
ties of ara-C [20]. 

Mithramycin, and inhibitor of RNA syn
thesis, induces in vitro differentiation of 
blasts and reduction in abl and myc expres
sion in CML blast cells. Koller and Miller 
treated patients with CML blastic phase 

with low doses of mithramycin (1 mg/m2 
intravenously two to three times weekly) 
and hydroxyurea and observed responses in 
six of nine patients treated, all responders 
exhibiting a myeloid blast cell morphology 
[21]. A subsequent update of a larger series, 
using remission criteria of acute leukemia, 
resulted in 2 partial remissions among 6 
patients with myeloid blastic phase (33 % ) 
but no responses in 15 patients with undif
ferentiated blastic phase [22]. Similar low 
response rates were observed in two other 
studies, with only 1 complete response 
obtained among 16 patients (6 %) with 
CML blastic phase [23, 24]. 

Homoharringtonine is a plant alkaloid 
which was reported to have antileukemic 
activity in acute myelogenous leukemia, 
but was associated with significant cardio
vascular toxicity. A lower dose schedule of 
2.5 mg/m2 daily for 14--21 days lessened the 
cardiovascular toxicity. In vitro studies 
showed homoharringtonine to be able to 
differentiate the HL-60 leukemic cell line. 
This led to our present study using homo
harringtonine at a low-dose prolonged
exposure schedule in CML-BP. While the 
results are preliminary, only one of the first 
eight patients (12.5 %) treated achieved an 
objective remission. 

Tiazofurin, a nucleoside analog, is 
metabolized to thiazole-4-carboxamide ad
enine dinucleotide (TAD), which inhibits 
the activity of the inosine monophosphate 

Table 9. Therapy of CML-BP with differentiating agents 

Study (reference) Therapy No. patients No. (%) 
responses 

DiRaimondo et al. [20) Low-dose ara-C 7 1 ( 14) 
Koller and Miller [21) Mithramycin + Myeloid,6 6 (100) 

hydroxyurea Other, 3 1 ( 33) 
Koller et al. [22) Mithramycin + Myeloid,6 2 ( 33) 

hydroxyurea Undifferentiated, 15 0 ( 0) 
Trumper et al. [23) Mithramycin + 9 1 ( 11) 

hydroxyurea 
Antimi et al. [24) Mithramycin + 7 0 ( 0) 

hydroxyurea 
Tricot et al. [25) Tiazofurin 9 4 CR + 3 

hematologic 
improvement ( 78) 

MDACC (unpublished) Tiazofurin 5 0 ( 0) 
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this study (4400 mg/m2 daily). Clearly fur
ther investigation of this interesting com
pound is warranted to define its antitumor 
activity and optimal schedule. 

Retinoids are an interesting group of 
differentiating agents which have demon
strated significant activity in premalignant 
and malignant conditions including at least 
one form of leukemia, acute promyelocytic 
leukemia. Studies investigating the differ-

GPRT entiation potential of some retinoids (par
t ticularly all-trans retinoid acid) in various 

,I CML phases are presently underway. 

Gua 

Fig. 2. Mechanisms of actions of tiazofurin and 
allopurinol (Adapted from Tricot et al. [25]) 

dehydrogenase enzyme (IMPD) , thus re
ducing the formation of guanine triphos
phase (GTP) pools, interfering with DNA 
and RNA synthesis, and leading to cell 
death (25) (Fig. 2). TAD is accumulated 
20-fold more in leukemic compared with 
normal cells. IMPD enzymatic activity is 
also higher in leukemic cells. Based on this 
rationale, a biochemically directed clinical 
trial was conducted by Tricot et al. [25] 
which delivered tiazofurin at 2200 mg/m2 

daily for 15 days, the dose being adjusted by 
increments of 1100 mg/m2 daily to achieve a 
suppression of IMPD levels below 10 % , 
and of GTP pools below 20 %. The daily 
dose of allopurinol is also adjusted to keep 
hypoxanthine levels between 40 and 80 /lM, 
to prevent GTP formation through the 
salvage pathway. In their recent update 
[25], four of nine patients treated achieved 
CR, and three others had a hematologic 
improvement. Most patients achieved the 
biochemical targets, which also correlated 
with patient response. A similar study 
initiated at our institution did not produce 
objective responses in the first five patients 
treated. This may be due to differences in 
population characteristics, since only one of 
our five patients achieved the biochemical 
targets at the highest dose level allowed in 
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Myelomonocyte Differentiation Antigens in the Diagnosis 
of Acute Nonlymphocytic Leukemia: the Relevance of CDw65 
Antigen as a Screening Marker and the Prognostic Significance 
of CD15 Expression* 

J. Holowiecki, D. Lutz, V. Calle a , M. Brugiatelli, F. Kelenyi, B. Stella-Holowiecka, 
S. Krzemien, and K. Jagoda 

Immunological phenotyping of acute lym
phoblastic leukemia (ALL) correlates with 
clinical findings and has contributed to the 
understanding of the pathophysiology of 
lymphoid malignancies. On the contrary, 
the role of cell markers in acute nonlym
phoblastic leukemia (ANLL) has only 
recently acquired relevance. The detection 
by monoclonal antibodies (MoAbs) of 
some myelomonocyte differentiation anti
gens such as CD11b, 13, 14, 15, 33, and 
CDw65 has proved useful for the recogni
tion of poorly differentiated leukemias 
which otherwise would have remained 
unclassifiable or could have been misdiag
nosed as ALL [1-5]. There is also evidence 
of the prognostic significance of immuno
phenotyping of ANLL. Our group proved 
CD15 expression to be a positive prognostic 
index for a higher CR rate and for surival [6, 
7] and this has been recently confirmed by 
Campos and coworkers [2]. Although there 
are more than 20 well-defined cluster
designated (CD) myelomonocyte antigens, 
only a small number react with early mye
loid cells and are potentially useful as 
first-line screening reagents of myelomono-

* This paper was written on behalf of the Inter
national Society for Chemoimmunotherapy Coo
perative Group ,Vienna , Katowice, Reggio, Cal
abria, Pees 
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cyte line-derived leukemias. Most authors 
recommend a combination including CD13 
and CD33 [1,2,4,8,9] and evidence for the 
usefulness of CDw65 [3, 5, 10, 11] is 
omitted. We report herewith the compara
tive analysis of the diagnostic significance of 
the most important myelomonocyte anti
gens. The main objectives of this study 
were: (1) selection of a single marker useful 
as a screening reagent in ANLL (also for 
automated analysis) and (2) selection of an 
optimal combination of two to three mark
ers. 

Materials and Methods 

Two hundred and fourteen adults with de 
novo ANLL were classified according to 
FAB morphocytochemical criteria and 
immunophenotyped using a panel of mono
clonal antibodies detecting CDw65 (Vim2, 
BMA-021O), CD13 (My7) , CD33 (My9) , 
CD14 (Vim 13), CD11b (VimI2), CD15 
(VimD5), IaDr, CD41 , glycophorin A, 
CD34 (in some cases), and lymphocyte 
antigensCDl,2,3, 7,10, 19/24. The MoAbs 
of the Vi series were kindly donated by W 
Knapp. Reactivity of cells was tested in 
indirect immunofluorescence using FITC
labeled goat F( ab)2 antibodies against 
mouse IgG + IgM (Grubb) as a secondary 
reagent [6]. A positive result was deter
mined when at least 20 % of leukemia cells 
revealed a given antigen. 



Results 

A comparison of the proportion of patients 
exhibiting positivity for the main myelo
monocyte antigens in the whole group and 
in particular FAB subgroups is shown in 
Fig. 1. The most prevalent markers in the 
whole group were CDw65 , CD33 , and 
CD13 , which were found in 92.1 % , 76.6 % , 
and 69.6 % of patients , respectively. It was 
of interest to note that the expression of 
these markers was strong even in the Ml
FAB subgroup. On the contrary, CD15 was 
exhibited mainly in more mature FAB 
sUbtypes whereas CD14 and to a lesser 
extent CDllb were restricted to M4-M5. 
The next analyses therefore concerned ini
tially all the CDw65 , CD33, and CD13 
antigens , which appeared to be the best 
candidates for a screening marker. 

The results obtained using CDw65 , -33 , 
and -13 as a single marker and in various 
combinations are compared in Fig. 2, which 
demonstrates that CDw65 enables a signif
icantly higher proportion of ANLL to be 
detected than the remaining antigens used a 
single markers (p < 0.001) and gives equiv
alent results to those obtained with combi-

nations of two markers (p > 0.01) . The 
combination of CDw65 with either CD 13 or 
CD33 is significantly more effective (both 
95.8 % of positive cases) than the common
ly recommended pairs of CD13 + CD33 
(86.9 %, p < 0.01). The triple combination 
including CDw65 + CD13 + CD33 iden
tifying 97.7 % of ANLL cases was signifi
cantly more effective than each of the single 
markers (p < 0.001) and the CD13 + CD33 
combination (p < 0.01) but not CDw65 + 
CD13 or CDw65 + CD33. The reactivity of 
leukemic cells with these three antigens in 
particular FAB subgroups is presented in 
Fig. 3, clearly demonstrating the preval
ence of CDw65. A separate analysis of cases 
which were nonreactive with pairs of 
MoAbs detecting CD 13 + CDw65 , CD 13 + 
CD33, and CD33 + CDw65 shows the 
potential diagnostic usefulness of other 
myelomonocyte antigens in these patients, 
again confirming the lowest efficacy of the 
CD13 + CD33 combination, demonstrating 
that in patients negative for these markers 
relatively frequently the expression of the 
following antigens is noted: CDI4, CDllb, 
CDI5, or CDw65 (Fig. 4). In addition this 
analysis suggests that the CDw65 + CD13 
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Fig. 1. Comparison of myelomonocyte antigen expression in ANLL. Percentage of positive cases in 
FAB subgroups 
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Fig. 2. Comparison of CDw65 (Vim2) , CDI3 (My7), and CD33 (My9) expression in 214 ANLL 
patients (percentage of positive cases). First column, single markers; second column, one of two 
markers present ; third column, one of three markers present. Significant differences are indicated 
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Fig. 3. Comparison of CDw65 , CD13. and CD33 antigen expression in FAB subgroups (percentage of 
positive cells , significant differences are indicated) 

combination is more effective if compared 
to the CDw65 + CD33 pairs. The superior
ity of this combination is also supported by 
the analysis of the results obtained in 
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particular FAB subgroups (Table 1). In a 
separate study (to be published) we proved 
that CDw65 is suitable for tests on fixed 
cells using the APAAP method and the 
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Fig. 4. Expression of different myelomonocyte markers in subgroups of ANLL patients nonreactive 
with pairs of basic markers: CD13 + CDw65, CD13 + CD33 , and CD33 + CDw65 

Table 1. Proportion of undetected cases with different pairs of MoAbs in FAB subgroups; n (%) 

CD13 / CD33 CD13 / CDw65 CD33/ CDw65 

M1 : 6(15.7%) 1 (2.6 %) 3(7.8%) 
M2: 11 (17.7%) 4(6.4%) 2 (3.2 %) 
M3: 0 0 0 
M4: 2(4.7%) 0 0 
M5 : 2 (8.6%) 0 1(4.3%) 
M6: 3 (60%) 2 (40%) 3 (60%) 

results correlate well with the fluorescence 
analysis (correlation index = 0.65, p < 
0.01). 

Discussion 

This study, which has been concerned with 
finding screening markers for ANLL, sug
gests that the CDw65 antigen is of great 
value both as a single marker and in com
bination with other cell differentiation 
antigens. It was significantly more fre
quently expressed in ANLL when com-

pared to the commonly recommended 
antigens CD13 and CD33. CDw65 was 
present in 92 % of the cases studied, its 
combination with CD13 or CD33 raising 
the positivity up to 96 % (p > 0.01) and the 
use of all three markers further improved 
the result to 98 % (p < 0.01). From a 
practical point of view it is important that 
CDw65 is strongly expressed on blastic cells 
of different FAB subtypes (Figs. 1,2) and 
gives equivalent results to those obtained 
with a combination of two antigens includ
ing the commonly recommended CD13 + 
CD33 pair. Most of the studies comparing 
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myelomonocyte antigen expression in 
ANLL concern only selected markers [3, 4, 
8, 9, 10] and only few reports [3, 11] deal 
with a wide panel of antigens. The results 
presented in these papers are in the main in 
agreement with ours. Knapp and coworkers 
[10], comparing CDw65 (Vim2) and CD13 
(MCS2), found their expression in 91 % and 
80 % of ANLL cases respectively. Van der 
Schoot et al. [11] also reported high CDw65 
expression (81 %), whereas reactivity with 
CD13 (54 %) and CD33 (34 %) was rela
tively low. Drexler [3] has calculated from 
data in the literature the following positiv
ity rates: CDw65 , 76%; CD13 
(MCS2IMy7) , 86%/82%; and CD33 
(My9), 80 %. The discrepancies are mainly 
concerned with CD13, which is expresed 
first in the cytoplasm and later on the cell 
membrane [8]. The reactivity is therefore 
much higher with immunoenzymatic stain
ing and is relatively strong in subtypes 
without maturation ([3] and Fig. 2). The 
results appear also to be dependent upon 
the MoAb used; MCS2 giving rather higher 
positivity than My7 [3, 8]. Our results and 
the data of others [3, 11] confirm the 
usefulness of CDw65 for the identification 
of ANLL without maturation. There is also 
evidence indicating its efficacy in clarifying 
the nature of undifferentiated leukemia [5]. 
It is to be tressed, however, that none of the 
applied markers is able to detect every case 
of ANLL because of the great heteroge
neity of leukemia. In consequence the mye
lomonocytic markers may be exhibited in 
some ALL cases: CD 13 in 5 %-11 %, CD33 
in 5 %-10.8 %, and CD65 in 5 % [1,3, 10]. 
CD34 is a nonlineage immaturity marker of 
practical use but present both in 51 % of 
ANLL and in up to 30 % of ALL cases 
[2, 11]. Thus, at present in some cases only a 
complex analysis including multimarker 
studies, ultrastructural cytochemistry [9]. 
MoAbs against myeloperoxidase [11], and 
molecular analysis may help clarify the 
cellular origin of leukemia. In spite of these 
restrictions our observations and the cited 
data by others clearly indicate that CDw65 
is a good marker of ANLL blasts, display
ing a strong expression in different FAB 
subtypes and suitable for both immunoen
zymatic and fluorescence studies. In con
clusion, CDw65 seems to be at present the 
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best single screening marker of ANLL 
blasts useful for traditional and automated 
analysis of leukemic cells. 

Concerning the prognostic significance of 
myelomonocyte marker expression, our 
studies did not confirm the prognostic sig
nificance of CDw65. In contrast a long 
follow-up of 424 de novo patients with 
ANLL confirms our earlier reports [6, 7] 
indicating that the expression of CD15 
antigen is an independent positive prognos
tic factor for achieving CR (logistic regres
sion; p = 0.03) and for survival (Cox 
models, p = 0.001). 
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Surveillance of Acute Leukemia by Multiparameter Flow 
Cytometry 

1. Drach, H. Glassl, and C. Gattringer 

Introduction 

The standard definition of remISSIOn in 
acute leukemia is the presence of less than 
5 % bone marrow blasts. However, even a 
much lower number of leukemic cells, re
ferred to as "minimal residual disease" 
(MRD), may be associated with immediate 
relapse. Detection of MRD by means of 
immunocytological criteria is mainly ham
pered by the fact that no truly leukemic
specific antigen has been identified as yet. 
Thus, it is difficult to distinguish reliably 
between normal and leukemic blast cells, in 
particular when signs of bone marrow 
regeneration are present. In this study we 
attempted to overcome these obstacles by 
use of maker combinations and flow cyto
metric multiparameter analysis. We tried to 
explore to what extent acute leukemias 
could be monitored by this strategy and 
whether this approach is sensitive enough 
to predict relapse at an early stage. 

Materials and Methods 

Patients and Cells 

So far, 60 patients with de novo acute 
leukemia have been investigated. Eleven 
patients had acute lymphoblastic leukemia 
(ALL) (2-T-ALL, 9 B-lineage ALL as iden
tified by immunological criteria), and 49 

Division of Hematology and Oncology, Depart
ment of Internal Medicine, University of Inns
bruck, AnichstraBe 35, 6020 Innsbruck, Aus
tria 
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had acute myeloid leukemia (AML) which 
could be classified according to FAB criteria 
as follows: 20 AML M1, 18 AML M2, 1 
AML M3, 3 AML M4, 6 AML M5, and 1 
AML M6. In addition, three patients with 
T-ALL were studied during follow-up 
examinations. Peripheral blood and bone 
marrow samples were obtained at the time 
of diagnosis and routine follow-up studies. 
Mononuclear cells were separated by densi
ty centrifugation over Ficoll-Paque (Lym
phoprep) and washed in phosphate-buf
fered saline (PBS). 

Antibodies 

The following monoclonal antibodies were 
employed in this study: Leu-1 (CD5), Leu-2 
(CD8), Leu-3 (CD4), Leu-4 (CD3), Leu-5 
(CD2) , Leu-9 (CD7), Leu-12 (CD19), Leu-
14 (CD22), Leu-M3 (CD14), Leu-Ml 
(CDI5), la (HLA-DR), cALLA (CDlO), 
all obtained from Becton Dickinson 
(Mountain View, CA); T6 (CDl), J5 
(CD 10) , Mo-1 (CDllb), My-7 (CD13), 
My-9 (CD33), My-4 (CDl4), purchased 
from Coulter Immunology (Hialeh, FL); 
and IOM-34 (CD34), IOP-41 (CD41), and 
anti-Iycophorin-A obtained from Immuno
tech. A TdT Immunofluorescence kit (in
cluding a polyclonal rabbit anti-TdT serum) 
was purchased from Supertechs. 

Immunofluorescence 

Double-color immunofluorescence studies 
of surface antigens were performed using 



PE- and FITC-Iabeled monoclonal anti bod- 700 

ies: The antibodies were added at saturation 
concentration to 106 cells and incubated for 
30 min at 4 0c. After two washes with PBS, 
cells were analyzed on a FACStar flow 
cytometer (Becton Dickinson). Nucelar 
TdT was detected according to a recently 
described method [1]. 

DNA Analysis 

Simultaneous determination of surface 
markers and nuclear DNA content was 
carried out as described recently [2]: Brief
ly, cells were incubated with a FITC-Iabeled 
monoclonal antibody, then fixed with 
saponin (0.5 % in PBS; Sigma), and coun
terstained with propidium iodide (50 fig/ml 
PBS, Sigma) afterwards. 

Results 

Experimental Design 

In this study, we tried to document aberrant 
and/or asynchronous antigenic features of 
leukemic cells which are not expressed on 
their nonmalignant counterparts. Thus, 
two-color immunofluorescence tests were 
carried out, and cells were analyzed by flow 
cytometry. In addition, we tested leukemic 
cells for DNA aneuploidy which - if present 
- is unequivocally associated with the leu
kemic stem line (see Fig. 1). 

Detection of Leukemia-Associated 
Phenotypes at Diagnosis 

Cells of 60 patients with de novo acute 
leukemia were immunophenotyped using a 
large panel of monoclonal antibodies (see 
"Materials and methods"). Aber
rant/asynchronous antigen expression was 
detected in 24/60 patients (40 % ); an exam
ple is given in Fig. 2. In 40 patients analysis 
of nuclear DNA content was performed; 
leukemic cells of 10 patients (25 % ) showed 
a DNA-aneuploid stem line. Taken togeth
er, leukemmia-associated phenotypes were 
detected in 32 cases (53,3 % ). The leuke
mia-associated phenotypes are summarized 
in Tables 1 and 2. 
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Fig. 1 A, B. DNA aneuploidy in acute leukem
ia. A Common ALL with DNA hypoploidy 
(DNA index = 0.54); B Common ALL with 
DNA hyperploidy (DNA index = 1.12). Peri
pheral blood with 30 % lymphoblasts; note 
CD19-positive DNA-hyperploid cells 

Leukemia-Associated Phenotypes During 
Follow-up Studies 

Bone marrow cells from eight patients with 
leukemia-associated phenotypes were 
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Fig. 2. Aberrant antigen expression: CD13-
positive common ALL. A minimal leukemic cell 

COlO/cALLA 

lta4 population (CDlO+ICD13+) could be demon
strated after induction chemotherapy. Relapse of 
the cALL was diagnosed 6 weeks later 

Table 1. Leukemia-associated phenotypes in ALL 

T-ALL (n = 2) 

B-lineage ALL (n = 9) 

TdT + CDS 

CD13+ 
CDI1B+ 
CD7+ICD14+ 
DNA aneuploidy 

2 

2 
1 
1 
S 

studied during follow-up examinations. All 
patients were in full morphological remis
sion. In three, a minimal leukemic blast cell 
population was identified by multiparam
eter flow cytometry (see Fig. 2). Two of 
these patients hadd a morphological and 
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clinical relapse 4 and 6 weeks later, respec
tively; no clinical data on the third patient 
are available at the moment. 

In five patients, no bone marrow cells 
with leukemia-associated phenotypes were 
detectable even when analyzing up to 105 



Table 2. Leukemia-associated phenotypes in AML (n = 49) 

CD7+ 
CD7+rrdT+ 
TdT+ 
CD5+rrdT+ 
CD2+ 
CD34+ ICD13+ ICD33-
CD34+ICD33+/HLA-DR
CD14: MY-4+/Leu-M3-
DNA aneuploidy 

cells. Four patients are still in remIssIon 
(median 24 weeks later, range 20-38 weeks) 
and one patient succumbed due to intersti
tial pneumonia during chemotherapy
induced aplasia. Table 3 summarizes these 
follow-up studies. 

Study of Peripheral Blood Samples 

When no leukemia-associated marker IS 
present, discrimination of small leukemic 

5 
1 
2 
1 
1 
4 
2 
3 
5 

cell populations from normal hematopoiet
ic cells is impossible. We thus tried to 
explore whether examination of peripheral 
blood samples for immature cells 
(CD34+ICD33 + , CD34+ICD13+, 
TdT +ICD19+) provides valuable informa
tion about residual leukemic blast cells. We 
studied peripheral blood cells from five 
patients with ALL recovering from inten
sive chemotherapy, and myeloid progenitor 
cells (CD34+ICD33 + , CD34+ICD13+) 
were detected in all of them (0.1 % - 10 % 

Table 3. Leukemia-associated phenotypes during follow-up studies 

Diagnosis (leukemia-associated feature) 
Time of follow-up Results at follow-up 

1 TALL (CD5+rrdT +) 
24 weeks after diagnosis CD5 + TdT: 0 

2 T-ALL (CD5+rrdT+) 
32 weeks after diagnosis CD5 + TdT: 0 

3 T-ALL (CD5+rrdT +) 
52 weeks after diagnosis CD5 + TdT: 0 

4 cALL (CD13+) 
8 weeks after diagnosis CDlO + CD13: 0.6 % 

5 cALL (DNA hypoploidy) 
8/16/24 weeks after diagnosis CDlO + DNA: 0 

6 cALL (DNA hyperploidy) 
8 weeks after diagnosis CDlO + DNA: 0 

7 AML (CD7+) 
8 weeks after diagnosis CD7 + CD13: 0.8 % 

8 pre-pre B-ALL (TdT+ICD19+ICDlO-ICD22+ICD34+) 
8 weeks after diagnosis CD 34 + CD22: 0.5 % 

Status (time after follow
up studies) 

CR (36 weeks) 

CR (24 weeks) 

CR (24 weeks) 

Relapse (6 weeks) 

CR (8 weeks) 

Lethal infection 

Relapse (4 weeks) 

Now under chemotherapy 
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of mononuclear cells). The study on lym
phoid progenitor cells in peripheral blood 
samples is still under progress. 

Discussion 

A significant percentage of patients with 
acute leukemia still fail treatment and suc
cumb to their disease. Such failure is pre
sumably due to residual leukemic cells that 
resist standard therapy. Therefore, sensitive 
and specific assays are needed to improve 
the detection of MRD and to direct the 
development of strategies for prevention of 
disease recurrence. Double-color immuno
fluorescence [1, 3] and molecular biological 
methods including polymerase chain reac
tion (PCR) [4, 5] are currently the most 
important techniques used for the identifi
cation of rare leukemic cells. In this study 
we used double-color immunofluorescence 
analysis and multiparameter flow cytome
try to characterize phenotypic features that 
are absent in normal hematopoietic cells 
(leukemia-associated phenotypes). These 
marker combinations as defined by aber
rantTasynchronous antigen expression and 
DNA aneuploidy were detectable in 53,3 % 
of patients with adult acute leukemia. Flow 
cytometric analysis of leukemia-associated 
marker combinations is a sensitive tool for 
monitoring acute leukemias: At least 0.1 % 
of leukemic cells can be reliably detected by 
this method, which was also verified by 
dilution experiments [1, 3, unpublished 
results]. At this moment only few data on 
follow-up studies of our patients are availa
ble; however, these first results are promis
ing with respect to the identification of 
patients at high risk of immediate relapse. 
This is in accordance with data published 
recently [3]. 

We further wanted to elucidate the pos
sibilities of peripheral blood studies in cases 
when no leukemia-associated feature is 
present. However, staining for myeloid 
precursor cells (CD34+ICD33+, CD34+ 
ICD13 + ) is not suited for peripheral blood 
monitoring of AML since immature mye-
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loid cells can be detected in elevated num
bers in peripheral blood samples during 
various states of bone marrow regenera
tion. Whether detection of peripheral TdT
positive lymphoblasts (TdT +ICDI9+, 
TdT +ICDlO+) may contribute to surveil
lance of ALL remains to be shown [6]. 
Since the presented method turned out to 
be sensitive, specific, and rapid, the pro
posed strategies of bone marrow examina
tion appear to become a clinically useful 
approach for the detection ofMRD in acute 
leukemia. It is envisaged that the combined 
use of different methods (especially flow 
cytometry and PCR-based studies) will 
extend our knowledge about residual leu
kemia and tell us how to deal with it in the 
clinical situation. 
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Bone Marrow Blast Count at Day 28 as the Single Most 
Important Prognostic Factor in Childhood Acute Lymphoblastic 
Leukemia* 

G. E. Janka-Schaub', H. Stuehrk', B. Kortuem1, U. Graubner2, R. 1. Haas2 , 

U. Goebel3, H. Juergens3 , H. 1. Spaar, and K. Winkler' for the COALL Study Group 

Introduction 

Intensification of therapy and risk-adapted 
treatment have increased the cure rates for 
childhood acute lymphocytic leukemia 
(ALL) to 60 %-70 % [1-5]. Among the 
prognostic parameters the initial white 
blood count (WBC) has been considered to 
be the most important factor in several 
studies [4, 6, 7]. Other predictors for 
relapse include age, sex, immunological 
subtype, and structural chromosomal 
changes [4, 7-9]. Also in earlier reports it 
was suggested that the rapidity of lympho
blast cytoreduction during the first 1-2 
weeks of treatment correlates with the 
probability of disease-free survival (DFS) 
[4, 10, 11]. In the present study the prog
nostic value of the percentage of lympho
blasts in the bone marrow at day 28 was 
evaluated. 

* Supported by the Hamburger Landesverband 
flir Krebsbekampfung 
I Children's Hospital, University of Hamburg 
Department of Hematology and Oncology. Mar
tinistr. 54, 2000 Hamburg 20 
2 Children's Hospital, University of Munich 
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4 Prof. Hess Kinderklinik, St. J uergensstr., 2800 
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Patients and Treatment 

In a cooperative multicenter treatment 
study for childhood ALL (COALL-85), 305 
patients age 3 months to 18 years were 
entered between January 1985 and April 
1989. After the first six infants the study was 
closed for this age group because of a high 
relapse rate. One hundred and sixty-nine 
high-risk patients (WBC2:: 25/nl, T/null
ALL, age 2:: 10 years) were randomized to 
receive intensive chemotherapy with rapid 
or slow rotation of 6 different drug combi
nations with 12 cytostatic agents. The treat
ment program has been reported in detail 
elsewhere [12]. One hundred and thirty-six 
low-risk patients received four-drug induc
tion therapy followed by three courses of 
medium high-dose methotrexate (0.5 g/m2 

24 h infusion; leukovorin rescue at 48 h) 
together with cytoarabine i. v. and 6-mer
captopurine p. o. [13]. All patients with a 
WBC above 5/nl had cranial irradiation and 
comcomitant intrathecal methotrexate. 
Maintenance therapy for low- and high-risk 
patients consisted of oral6-mercaptopurine 
daily and methotrexate weekly until 2 years 
from diagnosis. In all patients a bone 
marrow examination was done at day 28 or 
a couple of days later if the WBC was still 
below lin!. Study participants were asked 
to submit slides to the study center for 
evaluation. Two hundred to 500 nucleated 
cells were counted by 2 independent inves
tigators (G. J., H. St.). 
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Definitions 

Complete remission (CR) was defined as a 
lymphoblast count of less than 5 % with 
evidence of recovery of normal hemato
poiesis. Patients without CR at day 28 had 
another bone marrow aspirate at day 42 
after the next drug combination or at the 
latest at day 56 after the following treat
ment cycle. Relapse was defined as more 
than 25 % lymphoblasts in the bone marrow 
or more than 5/111 cells in the CSF with 
unequivocal lymphoblasts. Definition of 
late response or nonresponse is shown in 
Table l. 

Probability of event-free survival (EFS) 
was estimated by the life-table method [14] 
and differences between the curves were 
calculated by log-rank test. As events, 
nonresponse at day 56 and relapse or death 
in CR were counted. Patients receiving a 
bone marrow transplant were censored at 
the time of transplantation. The six infants 
were included in the analysis. The Cox 
regression model for life-table data was 
used in the multivariate analysis [15]. 

Results 

Complete remission at day 28 was achieved 
in 289/305 (94.8 %) patients. One low-risk 
patient died of infection during the first 4 
weeks of treatment and 15 patients (1 
low-risk, 14 high-risk) failed to enter CR by 
day 28. Six of these 15 patients had a blast 
count >25 % (32 %-78 %), 5 had a blast 
count of 10 %-18 %, and 4 of 6 %-9 %. The 
initial characteristics of the poor response 
group compared to the remission group are 
shown in Table 2. Chromosome studies were 
successful in only seven patients; five were 
normal, one showed a translocation 4;11 
and one a 5 q.. In relapse one child was 
found to have a transloction 9;22. Twelve 
patients (late responders) were in CR at day 
42 (six out of nine with a bone marrow 
aspirate at day 42) or day 56. The three 
patients who did not achieve CR by day 56 
(nonresponders) subsequently went into 
short-lived remission. 

The clinical outcome of late and nonre
sponders is shown in Table 3. All patients 
with a day 28 bone marrow blast count of 
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Table 1. Definition of late and nonresponse 

Late responder 
No remission 
Remission 

Nonresponder 
No remission 
No remission 

(12/305) 
day 28 
day 56" 

(31305) 
day 28 
day 56 

a Most already in CR day 42 

Table 2. Initial characteristics of late and non 
responders compared to the remission group 

Late/non- Remission 
responder group 

Boys 9/15 166 (57 %) 
Age < 1> 10 years 2+8115 4+60 (22 %) 
WBC >l00/nl 7/15 36 (12%) 
Liverlspleen >5 cm 6/15 59 (20%) 
T/NULL-ALL 6+2/15 47+10 (20%) 
Initial CNS disease 2/15 6 (2.1 %) 
Mediastinal mass 4/15 26 (9%) 

Table 3. Clinical outcome of late and nonrespon
ders 

Blasts 
day 28 

5%-10% 
>10% 

Number of 
patients Relapse 

4 2 
11 9 

BMT, bone marrow transplant 

BMT 

o 
2 

10 % or more were either nonresponders or 
suffered an early relapse between 4 and 19 
months except two patients who were trans
planted in first remission. Two of the four 
patients with a blast count between 5 % and 
10 % also relapsed and two are still in CR at 
44 and 48 months. The site of relapse was 
the bone marrow in ten and the CNS in one 
patient. 

Probability of EFS in the poor response 
group was 0.15 vs. 0.71 in the remission 
group (Fig. 1). All events in the poor 
response group were due to relapses; in the 
remission group three low-risk and three 
high-risk patients were lost due to infec-
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Fig. 1. Probability of event-free survical (EFS) in late (LR) and nonresponders (NR) compared to the 
remission group (CCR) in COALL-85 

Table 4. Treatment results for all patients accord
ing to different prognostic factors 

Risk factor 

Low-risk vs high-risk 
WBC < vs. > 100/nl 
AGE < vs. > 10 years 
T/NULL-ALL vs. c-ALL 
Slow vs. rapid rot 
Late/nonresponse vs. 
remission group 

Event-free 
survival 

0.65 vs. 0.70 
0.69 vs. 0.65 
0.70 vs. 0.61 
0.70 vs. 0.66 
0.72 vs. 0.69 
0.15 vs. 0.71 

tions. There was no statistically significant 
difference in EFS between low- and high
risk patients,WBC below and above 100/nl, 
age below and above 10 years, immuno
logical subtype T/null-ALL and common
ALL, or slow and rapid rotation arm (Table 
4). By multivariate analysis only late and 
nonresponse was a significant prognostic 
factor in high-risk patients above 1 year of 
age. 

Discussion 

In the present study 5.2 % of all patients did 
not achieve remission after 4 weeks of 

induction therapy. Although most were in 
remission 2-4 weeks later, the EFS was 
extremely poor in spite of continued inten
sive chemotherapy. Nearly all late and non
responders had adverse prognostic charac
teristics, i. e., high WBC, very young or old 
aged, and T-cell leukemia. However, the 
high relapse rate cannot be attributed to 
these factors since in this study they were of 
no prognostic significance except age below 
1 year (6/6 relapses). Even patients with a 
WBC above 100/nl had an EFS of 0.65; this 
shows that treatment itself is a very impor
tant prognostic factor. Other authors have 
reported than early response to initial che
motherapy as determined during the first 
1-2 weeks of treatment has a great impact 
on DFS. In the ALL-BFM 83 study the 
reduction of peripheral lymphoblasts was 
measured after 1 week with only predniso
lone therapy [16]. As in our study poor 
responders were often over 10 years of age, 
had T-or null-cell leukemia and a high 
WBC. EFS in the prednisone poor response 
group was 0.43 compared to 0.75 in the 
responding patients. The Boston group 
tested early response to therapy by calcu
lating the absolute leukemic infiltrate at 
day 5 by bone marrow aspirate and biopsy 
(11). Children who had less than 50 % 
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cytoreduction had a much higher relapse 
rate than patients having a greater than 
50 % cell kill by day 5. Jacquillat et al. 
reported that children requiring only one to 
two doses of vincristine and daunomycin to 
achieve CR had a better prognosis (10). The 
day 14 bone marrow was also examined in 
the protocol 160 series of the Children's 
Cancer Study Group and found to be a 
highly significant predictor of DFS by uni
variate and multivariate analysis. Whereas 
patients with CR on day 14 had a DFS 
above 60 % it dropped below 50 % in 
patients with a blast count of 5 %-25 % and 
below 30 % if the blast count was above 
25 % [17]. 

Evaluation of the bone marrow at a later 
time should increase the accuracy of predic
tion of relapse. This is confirmed by our 
study in which 11113 patients without re
mission at day 28 and no transplant suffered 
a relapse in spite of continuing intensive 
multi agent chemotherapy. Sallan et al. 
reported relapses in only 8/22 children not 
achieving remission at day 30; however, the 
median observation in this study was only 
26 months [2]. It is important to emphasize 
that most poor responders are missed if a 
bone marrow aspirate is done later than 4-5 
weeks. Also it is intersting that poor re
sponders were found in a nearly even 
proportion in high-risk patients receiving 4 
weeks induction therapy with vincristine, 
daunomycin, and prednisolone (slow rota
tion) or 2 weeks of these drugs followed by 
cyclophosphamide, high-dose methotrex
ate, and asparaginase (rapid rotation) [12]. 
It seems that poor response is not a matter 
of resistance to one drug or one drug 
combination but that it is rather a general 
biological characteristic of the disease. 
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GM-CSF, CD14, and C-fms Genes in 12 Patients 
with 5q Abnormalities 

E. Weber, H. Karlic, 0. Krieger, R. Grill, and D. Lutz 

Introduction 

Aberrations of the long arm of chromosome 
5 (5q) are recurrent chromosomal anoma
lies in (secondary) acute myeloid leukemia 
(AML) and myelodysplastic syndrome 
(MDS) [1]. Common clinical features of 
these patients are poor response to cyto
static therapy and shorter survival time in 
comparison to patients with other cytoge
netic abnormalities. In a recent evaluation 
of AML and MDS patients a critical region 
consisting of bands 5q23-32 was identified. 
These findings led to the hypothesis that the 
genes encoding for growth factors and 
growth factor receptors (e. g., GM-CSF, 
M-CSF, IL3, CSF-i-ree. = CD14) located 
within this region play an important role in 
the pathogenesis of these diseases [2]. Sev
eral authors described loss of heterozygosi
ty of these genes [3-6], and Cheng et al. [7] 
detected structural alterations of the GM
CSF gene in two cases of AML that could 
not be found in remission. 

We investigated 12 patients with a 5q
aberration and the human cell line HL60 
using three different DNA probes (GM
CSF, CD14) to confirm the studies about 
gene loss in these diseases. On the other 
hand, we wanted to know more about 
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aberrant fragments and their use as clonal 
markers. 

Patients 

Clinical, cytogenetic features and molecu
lar genetic results are summarized in Table 
1. We investigated bone marrow and pe
ripheral blood samples from 12 patients, six 
males and six females, with 5q-abnormality. 
Six patients had AML, four MDS, and two 
chronic myeloid leukemia. Five patients 
had a translocation involving chromosome 
5,2 x t(3;5), 1 x t(5;7), t(5;17), t(2;5); five 
patients had a 5q deletion, three out of five 
a complex karyotype aberration, and two 
patients monosomy 5. 

Cytogenetic Methods 

Bone marrow and peripheral blood samples 
were cultured by standard methods. Chro
mosomal preparations were stained with a 
three-stain fluorescence technique [8] and 
analyzed according to the International 
System of Human Cytogenetic Nomencla
ture [9]. 

Southern Blot Analysis 

DNA was extracted by a modified method 
of Miller [10] from bone marrow and/or 
peripheral blood cells separated by a Percoll 
gradient. The DNA was digested with three 
restriction enzymes (BamHI, EeoRI, 
HindIII) , and the Southern blot was per-



Table 1. Cytogenetic and molecular biological results 

Case Initials Age Sex Diagnosis Karyotype Molecular biology 
(years) (partial) GM-CSF c-fms CD14 

1 W.M. 65 m AML(M2) t(3;5) * (E 12.5) * N 

2 W. H. 35 m AML(M2) t(3;5) * * * 

3 E. J. 72 m CMML t(5;17) * (E 7, B 4) * * 

4 K. A. 43 f AML(M2) t(2;5) * N * 

5 S. E 37 m CML-BC t(5;7) * (E7, B2.6, * * 
H16) 

6 P.E 68 f RAIM4 5q- * * * 

7 N.H. 86 f RA 5q- * (mult.ab) N * 

8 R.A. 82 f CML 5q-(complex) * * * 

9 S. J. 81 m AML 5q-( complex) * (E7, B2.6, * * 
H2O) 

10 W. M. 85 f RAEBT 5q-( complex) * * * 

11 B. K. 59 m RAEB Mono 5 * * * 

12 H.R. 82 f AML Mono 5 *(E, H) nd nd 

* loss of heterozygosity; N, normal; restriction enzymes: E, EcoRI; B, BamHI; H, HindIII 

formed as previously described. Southern 
hybridization was carried out with a nonra
dioactive method with the following DNA 
probes: a 5.2-kb HindIII genomic subclone 
of the GM-CSF gene [3], a CD14 C-DNA 
probe, a Sst-Xho fragment kindly provided 
by Goyert et al. [11], and a genomic O. 9-kb 
probe of the fifth exon of c-fms (Amer
sham). Hemizygosity was detected by 
Southern blotting with a c-sis probe (1 kb 
Pst-BamHI fagment, Amersham) as a con
trol. 

Results 

We found loss of heterozygosity of the 
GM-CSF gene in all investigated cases and 
the cell line HL-60. Six patients and the cell 
line showed structural alterations= aber
rant bands. Cytogenetic anomaly in three 

out of five cases was a translocation invol
ving chromosome 5, two had a 5q-, and one 
case a monosomy 5 within a complex karyo
type. In the Soutern blot with the c-fms 
probe we could not detect aberrant frag
ments in all investigated samples. In the 
double hybridization c-fms with c-sis, 9/11 
patients and the HL-60 cell line had only 1 
allele. Two patients, one RA/5q- and one 
M2/t(2;5), had both c-fms alleles. With the 
CD14 DNA probe we could not detect any 
aberrant bands. Ten out of 11 analysed cases 
were hemizygous, and only 1 patient 
M2/t(3;5) was heterozygous. 

Discussion 

Our studies confirm reports about allele 
loss of 5q-located genes in hematological 
malignancies [3-6]. In a recent paper, 
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Cheng et al. described aberrant fragments 
in AML patients that could not be detected 
in remission. Blast cells of these patients 
had a larger mRNA [7]. 

We demonstrated structural abnormali
ties of the GM-CSF gene in 6/12 patients 
with 5q abnormalities. The aberrant frag
ments may be the result of multistep inter
stitial deletion as it is proposed for the 
HL-60 cell line [12]. The evidence of aber
rant bands could also be used as a clonal 
marker for detection of residual disease in 
remission. As yet we have not had the 
opportunity to investigate DNA from these 
patients in remission; therefore we cannot 
confirm their use as clonal markers. The 
relevance of these findings may lie in the 
increasing importance of gene loss (tumor 
suppressor genes). Interestingly, familiar 
polyposis, an inherited cancer, has also 
been mapped to 5q and is associated with 
allele loss [13]. It is not yet clear whether 
the GM-CSF gene polymorphisms and the 
hemizygosity of 5q-Iocated genes may be 
simply considered as clonal markers or if 
potential candidates for tumor suppressor 
genes are also deleted within this region. 
Further molecular studies will have to 
explain the importance of gene loss in 
5q-abnormalities. 
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Characterization of the Predominant T-Cell Receptor Delta 
(TCR6) Rearrangements in Non-T, Non-BALL 

F. Griesinger1.2, E. R. Griimayert, B. Van Ness3 , and 1. H. Kersey! 

Introduction 

The gene that encodes the T-cell-receptor 
delta chain (TCRb) has recently been iden
tified [1, 2]. The gene product is expressed 
as a TRCy/b heterodimer on a minority of T 
lymphocytes in peripheral blood and thy
mus. The genomic repertoire of rearranging 
regions of TCRb is rather limited [3-11].We 
and others have shown limited diversity of 
TCRb rearrangements by Southern blotting 
in common non-T, non-B lymphoid precur
sor ALL (LP-ALL) [3-6]. The purpose of 
the current study was: (1) the characteriza
tion and determination of the nucleotide 
sequence of the predominant TCRb rear
rangements in LP-ALL and (2) the evalua
tion of mechanisms that are functional in 
the diversification of the junctional se
quences of the TCRb gene in LP-ALL. 

Materials and Methods 

Southern blotting using Vb (kindly pro
vided by M. S. Krangel, Boston), 1M 
(kindly provided by T. H. Rabbitts, Cam
bridge), and Db1!2 (kindly provided by M. 
D. Minden, Toronto) gene probes was car
ried out in 35 CD1O+/- CD19+ CD24+/-

1 Departments of Laboratory Medicine and 
Pathology, and Pediatrics, University of Minne
sota, Minneapolis, Minnesota 55455, USA 
2 Present address: Department of Hematology, 
University of MUnster, MUnster, FRG 
3 Institute of Human Genetics and Department 
of Biochemistry, University of Minnesota, Min
neapolis, Minnesota 55455, USA 

non-T, non-B lymphoid precursor ALL or 
leukemic cell lines, as described previously 
[3]. Monoallelic Vb2-(D)-Db3 and Db2-
Db3 rearrangements of 14 leukemias and 3 
leukemic cell lines were amplified by the 
polymerase chain reaction (PCR) with 
primers 1 and 2 or 1 and 3, respectively as 
indicated in Fig. 1. For amplification and 
detection of inversional rearrangements, 
primers 4, 5, and 6 were used (the 
sequences of the primers will be provided 
upon request). The nucleotide sequence of 
amplification products was determined by 
the Sanger dideoxynucleotide sequencing 
method using internal primers and single
strand amplification products generated by 
asymmetrical PCR. Briefly, double
stranded amplification products were purif
ied by three rounds of centricon microcon
centrator (Ami con) centrifugation. A 
quantity of 1 %-5 % of the amplification 
products was asymmetrically amplified 
using amplification primers at concentra
tion ratios of 1:50 to 1:100. Amplification 
products were purified by three rounds of 
centricon microconcentrator centrifugation 
and subsequently sequenced with a T7-
polymerase-based sequencing kit. 

Results 

Our own and others' previous analysis of 
TCRb rearrangements in lymphoid precur
sor ALLs (LP-ALLs) showed a frequency 
of 65 %-90 % of TCRb rearrangements ([3, 
7, 8]; C. R. Bartram, this volume) and that 
the predominant rearrangements, i. e., 
>90 % of all rearranged alleles, represent 
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Fig. 1. Map of the TCRo gene locus indicating the position and orientation of amplification primers 
Pl-5 and primer P6 used for the detection of inversional arrangements 

incomplete Vb2 - Db3 and Db2-Db3 
(Fig. 2, [6]). The junctional sequences of 
the PCR products derived from Vb2-Db3 
rearrangements are shown in Table 1. The 
following pattern emerged for the Vb2 
rearrangements. All recombinations repre
sented "coding joints" [12, 13] between Vb2 
and Db3. Extensive insertions of N-nucleo
tides with a bias toward addition of C/G (41 
of 69 bases) over AfT (28 of 69 bases) were 
found in most of the joints. Diversity ele
ments in addition to Db3 were involved in 
only two rearrangements (cases 4 and 11) , 
where at least four nucleotides were found 
to be identical to published sequences of 
Db1 or Db2 [11]. Twenty of32 coding region 
borders were trimmed and up to 19 nucleo
tides (Nairn 16) of the Vb2 region were 
deleted . In 9 of 13 instances where the 
coding region borders remained intact P
mononucleotides (6 instances) or -dinu
cleotides (3 instances) were observed [14, 
15]. 

3,57% 

3,57% 

Fig. 2. Distribution of TCR6 rearrangements in 
nonT, non-B LP-ALL 
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The junctional sequences of three Db2-
Db3 rearrangements (Table 2) revealed a 
great degree of heterogeneity. Two samples 
(* 12 and 13) showed coding joints between 
Db2 and Db3, most likely as a result of a 
deletional rearrangement (Fig. 3A) . The 
same principles of junctional diversification 
as in the Vb2-(D)-Db3 rearrangements , 
with the exception of insertion of further 
diversity elements , were observed in the 
Db2-Db3 joins. The Db2-Db3 rearrange
ment in Nairn 16 was unusual in that it 
involved joining of the 3' border of Db2 and 
the 3' heptamer of Db3, the latter having 
the four most proximal nucleotides missing. 
In leukemic sample 14, the PCR product of 
PI and P3 primers revealed an unexpected 
signal joint between the 5' signal sequence 
of Db2 and the 3' signal sequence of Db3 
(Table 2). This leads to a circular excision 
product representing a coding join in which 
063 is located 5' of Db2 and a chromosomal 
signal join which was amplified in this 
leukemia, as illustrated in Fig. 3B. One 
nucleotide (counting from the coding bord
er) of the Db2 heptamer was mutated from 
G to C. Four non-germline-encoded N
nucleotides were inserted in this signal 
joint. In the event that , prior to recombina
tion , an inversion of the transcriptional 
orientation of one of the diversity elements 
has occurred , such a rearrangement will 
lead to a chromosomal Db3-Db2 coding in 
which Db3 is located 5' of Db2, as indicated 
in Fig. 3C (inverted arrangement of diver
sity elements). Therefore , we analyzed 62 
previously published productive VDl-D-D
JDl and Vb2-D-D-JDJ rearrangements in 
nonleukemicT lymphocytes [9, 11, 16, 17]. 
We found evidence that the junctional 
regions of five of these rearrangements may 
be acccounted for by inverted arrange
ments of diversity elements (Table 3). This 
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Fig. 3A. Deletional rearrangement in leukemic samples 12, 13 and NALM 16. B Deletional 
rearrangement in leukemic sample 14. C Db3-Db2 rearrangement subsequent to an inversional 
rearrangement 

mechanism may considerably increase the 
junctional diversity of TCR6 joins, which 
encode the third complementarity-deter
mining region which most likely interacts 
with the antigen detected by the T-cell 
antigen receptor [18]. 

Discussion 

In the present paper, we provide direct 
evidence that the two predominant TCR6 
rearrangements in LP-ALL are V62-(D)-
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D63 or D62-D63 joints, which is consistent 
with their immature stage of differentiation 
and maturation. These findings are in agree
ment with our previous hypothesis that the 
cell which undergoes malignant transforma
tion in non-T, non-B LP-ALL may repre
sent a lineage uncommitted precursor cell, 
which retains the capacity to undergo both 
immunoglobulin and T-cell receptor rear
rangements [5, 6, 7]. It is of interest that all 
rearrangements (with the exception of the 
D62-D63 rearrangement in NaIm 16 and 



sample 14) are potentially translatable if 
further joining events to joining andlor 
variable regions occur. 

Our studies show that the rearrange
ments are incomplete joining events and, in 
the present configuration, will not give rise 
to a functional protein. They are similar to 
incomplete DJ H or DJp rearrangements, 
observed as cross-lineage rearrangements 
in T- or B-lineage cells, respectively [19, 20, 
21]. It has to be emphasized that cross
lineage rearrangements seem to occur also 
in nonleukemic immature lymphoid cells. 
Born and colleagues [19] showed that, in 
thymocytes, IgH rearrangements frequent
ly occurred after TCRj3 and y had been 
functionally rearranged. Interestingly, 
these rearrangements were biased toward 
utilization of the most 3' diversity element 
DQ52• Thus, the incomplete TCRb rearran
gements are similar to DQ5rJH rearrange
ments which are characteristically observed 
in immature B lymphocytes [21-25]. It has 
been suggested that the preferential utiliza
tion of proximal rearranging regions is due 
to increased accessibility of these regions to 
the recombinase [25, 26]. Whether only 
chromosomal proximity or other factors 
result in the preferential usage of these 
regions remains to be determined. 

The insertion ofN- and P-nucleotides and 
of further diversity elements in some 
instances, and trimming of the rearranging 
regions, led to highly diversified junctional 
regions specific for each leukemic clone. 
Thus, it may be possible to use TCRb 
rearrangements for the detection of resi
dual leukemic disease using PCR technolo
gy in the most frequent type of acute 
lymphoblastic leukemia. Due to the con
served rearranging genomic sequences of 
the Vb2-(D)-Db3 joint, a set of "frame
work" oligonucleotides can be used to 
amplify the respective leukemic clone-spe
cific junctional region. This amplification 
product could subsequently serve as a "sig
nature" probe for the detection of leukemic 
minimal disease ([27, 28]; C. R. Bartram, 
this volume). However, it is clear that these 
methods may not be applicable in all cases 
of LP-ALL. In the majority of cases (9/11), 
the junctional region contains only one 
N-region. In 6 out of 11 cases, less than five 
N-nucleotides were inserted. In those 

cases, the junctional diversity of the TCRb 
rearrangement may not be sufficient to 
create a probe which would discriminate 
between residual leukemic and nonleu
kemic cells with the same rearrangement. 
Although not detectable by Southern ana
lysis of fetal bone marrow cells or sorted 
CDIQ+SmIgM- fetal bone marrow cells 
[29], Vb2-(D)-Db3 rearrangements can be 
readily detected by PCR in adult bone 
marrow, peripheral blood, and fetal hema
topoietic organs (E. R. Grtimayer, F. Grie
singer and 1. H. Kersey, unpublished 
results). We conclude that the detection of 
leukemic clone specific TCRb rearrange
ments by PCR may be applicable for the 
detection of minimal residual leukemic dis
ease in selected cases of LP-ALL. 

The Db2-Db3 rearrangements display a 
great deal of heterogeneity. Two cases of 
Db2-Db3 excisional rearrangements (Fig. 
3A), which result in coding joints, were 
observed (samples 12, 13). The rearrange
ment in NaIrn 16 was unusual, in that it 
involved the joining of Db2 and the 3' 
heptamer of Db3. The sequence of rear
rangement in sample *14 proved to be a 
signal joint between the 5' heptamer of Db2 
and the 3' heptamer of Db3 which leads to 
an inverted arrangement of diversity ele
ments in the circular excision product. If, 
however, the orientation of one of the two 
diversity elements had been changed prior 
to the rearrangement, the signal joint 
observed in leukemia 14 would represent 
the reciprocal joint of an inversional Db3-
Db2 rearrangement remaining in the chro
mosome (Fig. 3C). It is noteworthy that 
such a rearrangement leaves the 5' signal 
sequence of Db3 and the 3' signal sequence 
of Db2 intact, thus allowing further rear
rangements to variable and joining regions. 
Such a mechanism would introduce a con
siderably higher degree of diversity in the 
junctional regions of V-D-D-Jb rearrange
ments. 

While there is a very restricted genomic 
repertoire of the TCRb gene, diversification 
of CDR3, the paratope of the T-cell recep
tor, depends on the junctional region [44]. 
Therefore, we have searched for evidence of 
possible inversions of DM, Db2, or Db3 in 
published productive human V-D-D-J 
TCRb rearrangements (Table 3, modified 
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from [45, 46]). The junctional sequences 3' 
of Db3 of IDP2, PBL Lla, NlB.D9, and 
NlB.D12 contain the sequences TTCC, 
TCCT, CTTCCT, and CCTTC, respectively. 
As shown in Table 3, these nucleotides may 
be derived directly from a Db2 element. 
This conclusion seems to be almost certain 
in the two latter clones, where six and five 
nucleotides are identical to the published 
sequence of Db2. Similarly, the junctional 
sequence 3' of Db3 of PBL Cl contains the 
sequence ATAG which may be derived 
from DbI. If these nucleotides 3' of Db3 are 
encoded by D elements, no nucleotides 
possibly derived from the respective diver
sity elements would be expected 5' of Db3. 
This is clearly the case in PBL Lla, PBL 
Cl, NlB.D9, and NlB.D12 where no Db2 
or DbI sequences can be found 5' of Db3 
(Table 3). Thus, these results strongly sug
gest that normal, nonleukemic mature T 
lymphocytes increase their junctional diver
sity by inverting the arrangement of D 
elements in productive VbI -D-D-JbI and 
Vb2-D-D-JbI rearrangements. We propose 
that this may represent a novel mechanism 
for the creation of diversity which is most 
likely unique to the TCRb gene, since only 
this gene uses more than one diversity 
element for recombination. 
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Summary 

The current study was designed to deter
mine the nucleotide sequence of two dis
tinct TCRb rearrangements which are 
observed in >90 % of all rearranged alleles, 
i. e., in 50 %-{i0 % of all non-T, non-B 
common lymphoid precursor acute lympho
cytic leukemia (LP-ALL). Cloning of the 
genomic rearrangements was performed 
with the polymerase chain reaction (PCR) 
using oligonucleotide primers complemen
tary to intronic sequences 3' of Db3, 5' of 
DbI, and to Vb2, respectively. Nucleotide 
sequences determined by the Sanger 
dideoxynucleotide method of single
stranded amplification products revealed: 
(1) The most frequent rearrangement in 



LP-ALL is an incomplete Vo2-(D)-Do3 
coding joint; (2) the second most frequent 
rearrangement is an incomplete Do2-Do3 
coding joint in the majority of cases; and (3) 
the remarkable diversity of the rearrange
ments created by insertion of N- and P
nucleotides and in some cases extensive 
trimming of the rearranging regions demon
strate the clonal specificity and potential for 
detection of residual leukemic disease. 
However, in some cases, the number of 
nucleotide differences may not be sufficient 
for the discrimination of leukemic and 
nonleukemic cells carrying V02-(D)-Do3 
rearrangements. A novel inversional rear
rangement was demonstrated in one case. 
This novel joint potentially increases the 
dewee of diversity of the junctional region 
WhICh encodes the antigen-binding domain 
of TCRo. 
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Diagnosis of Both c-ALL and Sarcoidosis in the Same Patient 

K. Schafer, H. Wandt, and W. M. Gallmeier 

Introduction 

The simultaneous manifestation of sys
temic sarcoidosis and a malignant disorder, 
especially a malignant lymphoma, is a rare 
phenomen on [1]. While some argue for a 
common pathogenesis in the simultaneous 
occurrence of the two disorders [2], others 
believe that the steroid treatment in sar
coidosis is responsible for the development 
of a malignant lymphoma in these cases [3, 
4]. But this would not account for the 
predominance of Hodgkin's disease as 
opposed to other lymphomas in the 
reported cases [5]. Brinker [6] called it a 
"sarcoidosis-lymphoma syndrome," where
by the observed number of lymphoprolifer
ative diseases appears to be about 5.5 times 
the expected number. This syndrome is 
characterized by late onset of systemic 
sarcoidosis (median age, 41 years), a 
chronic form of disease, and the sarcoidosis 
preceding the diagnosis of lymphoma by an 
average of 24 months. 

It is difficult to distinguish between the 
simultaneous manifestation of systemic sar
coidosis and a malignant disorder and the 
so-called sarcoid-like reaction, which can be 
seen in lymph nodes, draining a carcinoma, 
in the tumor itself, or even in distant tissues. 
Such a reaction, which is histologically 
identical to that occurring in systemic sar-
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coidosis, occurs in 19 % of Hodgkin's dis
ease and in 7 % of non-Hodgkin's lympho
mas [7-10]. Three criteria are discussed in 
the literature, which argue for the simulta
neous manifestation of the two diseases 
[11]. First, each diagnosis should be con
firmed separately by biopsies from unre
lated anatomical regions. Second, each dis
order should be characterized by appro
priate clinical, radiological, and biochemi
cal features. Third, the sarcoidosis should 
remit or remain stable, while the malignant 
lesion progresses; this seems to be an 
unrealistic criterion, since sarcoidosis may 
also progress. 

Furthermore, it seems useful to deter
mine the angiotensin-converting-enzyme 
(ACE) level, because the ACE level is high 
in sarcoidosis and low in malignant lympho
mas and leukemias. There was also no 
elevation of ACE in one patient with local 
noncaseating epithelioid granuloma and 
Hodgkin's disease [12]. There are some 
theories concerning the pathogenesis of the 
simultaneous occurrence of the two dis
eases, for example, a common viral origin 
[6, 13], or the high mitotic activity of 
lymphocytes in sarcoidosis [6]. 

There are case reports describing the 
occurrence of sarcoidosis in cases of Hodg
kin's disease non-Hodgkin'S lymphoma 
(NHL), acute myeloid leukemia (AML), 
and chronic myeloid leukemia (CML) [6, 
14]. But there isjust one report concerning 
the simultaneous manifestation of sarcoid
osis and acute lymphoblastic leukemia [15]. 
Therefore, our case report seems to be 
worth mentioning. It contributes to the 
differential problems of interpreting pul
monary infiltration in cases of leukemia. 



Case Report 

A 32-year-old man was well until 2 months 
before admission, when a dry cough, 
hoarseness, and a low-grade fever occurred 
for some days. These symptoms reappeared 
4 weeks later, and for 2 weeks before 
admission a permanent dry cough, low
grade fever, and night sweat persisted. In 
the chest X-ray a diffuse fine reticular 
infiltration was seen and the patient was 
referred to hospital. On clinical examina
tion, the only abnormalities were a tachy
pnea of 25/min, a palpable lymph node in 
the left supraclavicular region (lxl cm), 
and a palpable spleen 4 cm below the left rib 
margin. The only abnormal laboratory para
meters except blood count were moderately 
elevated serum glutamat-pyrovat pyruvic 
transaminase (SGPT) lactate dehydrogen
ase (LDH), y-glutamyltransferase (y-GT), 
and alkaline phosphatase (AP). The blood 
cell count showed a mild anemia with an Hb 
of 10.5 gldl. The leukocyte count was in the 
normal range, but in the differential count 
7 % lymphatic blasts were seen. 

Ten days later, when the blasts had 
increased to 48 %, a bone marrow aspirate 
resulted in sicca-punction and the biopsy 
showed a dense infiltration of lymphatic 
blasts. On cytochemical examination the 
blasts were negative for periodic acid Schiff 
(PAS), peroxidase, esterase, and acid phos
phatase. Immunocytologically the blasts 
were positive for CDlO, CDI9, CD20, 
CD24, HLA-DR, and Tdt (by flow cyto
metry). Because of the diffuse fine reticular 

PULMUNARY 
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infiltration of the middle parts of the lung, a 
bronchoscopic examination was done, 
which showed a normal appearance of the 
bronchi, but histologically there was an 
infiltration with non-caseating epitheloid
cell granulomas, giant cells of the Langhans 
type, and surrounding lymphocytes. In the 
bronchoalveolar lavage (BAL) a lympho
cytic alveolitis, with 17 % lymphatic cells 
(64 % T4 cells, 24 T8 cells), was seen. The 
ACE level was 36 UII (normal <30 U/I). A 
toxoplasmosis complement fixation test 
(KBR) 1:40 and a toxoplasmosis indivect 
fluorescent antibody (IF) with 1: 1024 were 
indicative of an acute infection. An open 
lung biopsy was done to distinguish precise
ly between a sarcoidosis, a toxoplasmosis of 
the lung, and an infiltration with lymphatic 
blasts. This examination again showed a 
picture of sarcoidosis; no trophozoites or 
lymphatic blasts were seen. 

Because of a rapid progressive thrombo
cytopenia no other invasive diagnostic 
study, such as a liver biopsy, was done. 
Summarizing all the diagnostic procedures, 
three diagnoses were made: 
1. c-ALL 
2. Systemic sarcoidosis stage III 
3. Acute toxoplasmosis [organ involve

ment other than the lung and brain (CT 
scan) was not proved]. 

We started combination chemotherapy 
according to the protocol for ALL in adults 
(BMFT), first without steroids, because of 
the toxoplasmosis infection. The antibiotic 
treatment for toxoplasmosis consisted of 
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Fig. 1. Pattern of pulmonary infiltration 
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pyrimethamine and sulfadiazine. After 2 
weeks of chemotherapy, we started steroids 
at a dose of 100 mg prednisone daily and 
after 2 weeks of this treatment no pulmo
nary infiltration was seen. Antibiotic treat
ment was terminated after 8 weeks, when 
the IgM titer of toxoplasmosis was negative 
and the IgG titer retrograde. After 8 weeks 
of induction treatment, there was a com
plete remission of the ALL in bone marrow. 
On termination of the steroid therapy the 
pulmonary infiltration reappeared in the 
same manner 4 weeks later. Four weeks 
later the end of induction therapy, a relapse 
of the ALL with a dense infiltration of bone 
marrow occurred. The blasts were cyto
chemically and immuncytologically identi
cal to the blasts of ALL origin. Two differ
ent rein duct ion regimens with high-dose 
ara-C, etoposide (VePesid), and amsacrine 
failed to produce a second remission of the 
ALL and the patient died 3 months after 
the relapse. The pulmonary infiltration 
showed the same pattern as in the beginning 
of his illness (Fig. 1). 

Summary 

We think that our patient had systemic 
sarcoidosis and ALL at the same time. He 
met three criteria, which are discussed in 
the literature as signs of the simultaneous 
manifestation of sarcoidosis and a malig
nant disorder. 

First, histological diagnosis of the two 
diseases was made from two different ana
tomical sites, above all, there was no sign of 
lymphoblastic infiltration of pulmonary tis
sue in both lung biopsies. Second, the ACE 
level was elevated. Third, the pulmonary 
infiltration showed a rapid regression when 
steroid therapy was started and reappeared 
when steroid therapy was ceased. The ALL 
was in complete remission at that time. In 
the following month the extent of the 
pulmonary infiltration was stable, although 
there was a relapse and progression of the 
ALL. 

250 

References 

1. James DG, Sharma OP (1985) Overlap syn
dromes with sarcoidosis. Postgrad Med J 61: 
769-771 

2. Brinker H, Witbeck E (1974) The incidence 
of malignant tumors in patients with respira
tory sarcoidosis. Br J Cancer 29: 247-251 

3. Romer FK (1980) Sarcoidosis and cancer - a 
critical view. In: Jones Williams W, Davies 
BH (eds) Eighth international conference on 
sarcoidosis and other granulomatous dis
eases. Alpha Omega, Cardiff, pp 201-205 

4. Romer FK (1982) Sarcoidosis and cancer. N 
Engl J Med 306: 1490 (letter) 

5. Mc Inerney PD (1986) Sarcoidosis and lym
phoma: is there an association? Postgrad 
Med J 62: 809-810 (letter) 

6. Brinker H (1986) The sarcoidosis-lymphoma 
syndrome. Br J Cancer 54: 467-473 

7. Brinker H (1986) Sarcoid reactions in malig
nant tumors. Cancer Treat Rev 13: 
147-153 

8. Heymer B (1980) Sarcoid-like granuloma
tous reactions against malignancies. In: 
Grundmann E (ed) Metastatic tumor 
growth. Fischer, Stuttgart, pp 167-172 

9. Goldfarb BL, Cohen SS (1970) Coexisting 
disseminated sarcoidosis and Hodgkin's dis
eases. JAMA 211: 1525-1528 

10. Brinker H (1972) Sarcoid reactions and 
sarcoidosis in Hodgkin's disease and other 
malignant lymphomata. Br J Cancer 26: 
120-128 

11. Brennan NJ, Towers RP, Fenelly 11, Fitzger
ald MX (1983) Sarcoidosis and lymphoma in 
the same patient. Postgrad Med J 59: 
581-585 

12. Romer FK, Emmertsen K (1980) Serum 
angiotensin-converting enzyme in malignant 
lymphomas, leukemia and multiple lympho
ma. Br J Cancer 42: 314-318 

13. Blayney DW. Rohatgi PK, Hines W et al 
(1983) Sarcoidosis and the human-T-cellleu
kemia-lymphoma virus. Ann Intern Med 99: 
409 (letter) 

14. Reich JM (1985) Acute myeloblastic leu
kemia and sarcoidosis. Cancer 55: 360-369 

15. Harousseau IL. Schaison G, Cauberrere I, 
Tricot G (1980) Leucemie algue lymphoblas
tique. Nouv Presse Med 9: 1310 



Pharmacokinetics - Preclinical Investigations 
and Therapeutic Implications 



Pharmacologically Guided Leukemia Therapy* 

W. Plunkett, V. Gandhi, H. Kantarjian, and M. 1. Keating 

Hypotheses relevant to the pharmacokine
tics and pharmacodynamics of anticancer 
drugs in human leukemias during therapy 
provide the focus for this review. The pos
tulates presented are offered as approaches 
to investigations that experience suggests 
are likely to be useful to the overall goal of 
improving the treatment of leukemia and 
extending patient survival. It is important 
to conduct these investigations because the 
answers to the questions posed by these 
postulates will aid our understanding of 
clinical activity of the therapeutic agents. It 
is possible to propose these approaches 
because of the accessibility of leukemia to 
investigators and the sensitivity of the ana
lytical procedures to be employed. 

Biochemical Modulation 

The influence of one drug, either directly or 
at a distance, on the metabolism and action 
of another drug is referred to as biochemical 
modulation. Nucleoside analogues must be 
phosphorylated to the respective triphos
phates to elicit biological activity. Deoxycy
tidine kinase (dCyd kinase) catalyzes the 
initial and generally rate-limiting step in the 
phosphorylation of several drugs used or 
under development in leukemia: arabi no
sy\cytosine (ara-C), fludarabine (F-ara-A), 

Departments of Medical Oncology and Hemato
logy, University of Texas MD Anderson Cancer 
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Texas 77030 USA 
* Supported by grant CA32839 from the Nation
al Cancer Institute, DHHS. 

2-chloro-2'-deoxyadenosine (CldAdo), 2'
deoxy-5-azacytidine, arabinosyl-5-azacyto
sine, deoxycoformycin, 2', 2'-difluoro
deoxycytidine (dFdC). Therefore, addition
al investigations of the regulation of dCyd 
kinase are required to understand its role in 
nucleoside metabolism and to optimize the 
design of clinical protocols for combination 
chemotherapy using these analogues. We 
can expect that the recent molecular clon
ing and expression of the human enzyme 
will provide reagents that will greatly 
enhance present efforts to understand the 
activity and regulation of this enzyme [1]. 

In vitro assays of dCyd kinase demon
strated that its activity is subject to inhibi
tory feedback regulation by dCTP [2]. 
dCTP is of additional significance to the 
action of ara-C and dFdC because the 
respective Y-triphosphates, ara-CTP [3] 
and dFdCTP [4], compete with dCTP in the 
inhibition of DNA polymerase and for 
incorporation into DNA. We sought to 
define the regulation of dCyd kinase in 
terms of the concentration of physiological 
ribo- and deoxynucleotides present in intact 
cells, to understand the inhibitory role of 
ara-CTP previously described in cell free 
extracts, and to identify the role of F
ara-ATP on the activity of this enzyme 
[5-7]. The regulated nature of dCyd kinase 
is not maintained in cell extracts which have 
traditionally been used to quantitate 
enzyme activity [5]. 

Because F-ara-A 5'-triphosphate (F-ara
ATP) inhibits ribonucleotide reductase [8] 
and therefore dNTP levels, we hypothe
sized that the activity of dCyd kinase could 
be modulated in cells treated with F-ara-A 
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[6,7]. Ara-C was used at saturating concen
trations as a clinically relevant alternative 
substrate for dCyd kinase because dCyd 
would raise cellular dCTP levels and inhibit 
the enzyme. The rate of ara-CTP accumu
lation was maximal in K562 cells with 10 flM 
ara-C (35 flM/h). However, cells preloaded 
with F-ara-ATP exhibited a three fold 
increase in the rate of ara-CTP accumula
tion, a modulation that resulted in cellular 
ara-CTP levels of >400 flM after 5 h. This 
stimulation was proportional to the cellular 
concentration of F-ara-ATp, achieving a 
maximal effect between 75 and 100 flM. 

To analyze whether the stimulation of 
ara-CTP accumulation is cell cycle specific, 
exponentially growing K562 cells were frac
tionated into G,-, S-, and G2+M phase
enriched subpopulations by centrifugal elu
triation. The rates of ara-CTP accumulation 
after incubation with F-ara-A were similar 
among these three phases, indicating that 
the stimulation of ara-C metabolism occurs 
in all phases of cell cycle [9]. Consistent 
with this, stimulation of ara-CTP synthesis 
was also observed when lymphocytes iso
lated from patients with chronic lymphocyt
ic leukemia were studied before and after 
fludarabine phosphate therapy [10]. A 
strong relationship was observed between 
the cellular concentration of F-ara-ATP at 
the beginning of the ara-C incubation and 
the subsequent potentiation of ara-CTP 
accumulation. These studies strongly sug
gest that a protocol designed to administer 
fludarabine phosphate prior to ara-C infu
sion will augment ara-CTP accumulation by 
leukemia cells by biochemical modulation 
of dCyd kinase. 

Biological Modulatiou 

Although ara-C is the most effective agent 
in the treatment of myelogenous leukemia, 
the scope of its activity is limited by the fact 
that it is a cell cycle-specific drug. As such, 
it kills only those cells that are synthesizing 
DNA when cellular ara-CTP concentrations 
are at toxic levels. The portion of the 
leukemic population with self-renewal 
capacity that is cycling is high on a percent
age basis [11, 12]. However, if only 1 % of 
the initial leukemic burden with progenitor 
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capacity were quiescent, this might consti
tute 106-108 cells. This kinetically insensi
tive population could escape ara-C action 
and eventually expand to cause a relapse. 
One approach to such kinetic resistance is 
to stimulate this population into cycle prior 
to ara-C therapy. 

Several recombinant human growth fac
tors now available for clinical evaluation are 
capable of stimulating leukemic cell prolif
eration in vitro. In particular, GM-CSF 
increased the S phase fraction and induced 
proliferation of clonogenic leukemia cells in 
vitro from patients with AML and CML 
blast crisis [13]. Consistent with this, GM
CSF-treated myeloblasts showed increased 
sensitivity to ara-C [14]. In vitro incubation 
with GM-CSF did not affect ara-CTP accu
mulation in myeloblasts, but decreased it in 
normal marrow mononuclear cells [15], 
suggesting a pharmacologic basic for selec
tivity. We have demonstrated that after 3 
days of clinical treatment with GM-CSF 
(125 flg/m2 per day x 7 days, preceding 
ara-C/daunorubicin chemotherapy), the ac
cumulation of myeloblasts in blood of 
patients with untreated AML was increased 
as was the ability of myeloblasts to accumu
late ara-CTP ex vivo [16]. 

Nevertheless, in vitro studies are limited 
in their ability to reproduce actual concen
trations, the pharmacokinetics of drugs and 
bilogics experienced by target cells in vivo, 
the lack of physical and chemical interac
tions among cells, and the consequences of 
the physical disruption of tissue architec
ture. These factors compromise our ability 
to determine actual effect of GM-CSF on 
ara-CTP metabolism. Therefore, we have 
designed a protocol for higher-risk patients 
specifically to determine ara-CTP pharma
cokinetics in circulating blasts before and 
after GM-CSF administration. In this treat
ment, patients receive ara-C (1 g/m2 over 2 
h) and the pharmacology of ara-CTP in 
circulating leukemia cells is studied. GM
CSF (125 flg/m2) is administered daily for 3 
days, followed by another dose of ara-C. 
The area under the accumulation and elim
ination curves of ara-CTP in circulating 
myeloblasts before and after GM-CSF 
administration is then compared. Results 
seen after the first three patients studied 
have not supported the hypothesis that 



GM-CSF would augment ara-CTP meta
bolism. Nevertheless, it will be important to 
determine whether clonogenic cells are 
sensitized to ara-C by GM-CSF treatment. 
Together, these studies should provide an 
indication of the pharmacodynamic impact 
of GM-CSF on leukemic cell growth. 

Pharmacologic Determinants of Response 

A major tenet in clinical pharmacology is 
that a knowledge of the pharmacokinetics 
of the active drug species and its pharma
codynamic actions in the target cell will be 
valuable in understanding the effects of the 
drug, in predicting clinical outcome, and for 
optimizing drug administration for popula
tions or individuals. Cancer chemothera
pists have rarely had the opportunity to 
evaluate these parameters because of the 
necessity for invasive measures to approach 
tumors responsive to therapy and, to a 
lesser extent, the lack of sensitive assays for 
appropriate drug metabolites. Ara-C is a 
notable exception in that relatively nonin
vasive procedures are required to obtain 
leukemia cells for pharmacokinetic sam
pling, and its 5'-triphosphate ara-CTP is 
readily quantitated after extraction from 
leukemia cells. Investigations of the phar
macologic determinants of response of 
acute leukemia to ara-C therapy have 
resulted in new knowledge with respect to 
correlations between these parameters and 
clinical response, evaluation of hypotheses 
designed to optimize both intermittent and 
continuous infusion dose rates, and for the 
design of combination protocols [17]. 

Difluorodeoxycytidine is a new nucleo
side antimetabolite that differs from deoxy
cytidine and ara-C by the presence of 
geminal fluorines at the 2' position of the 
carbohydrate moiety [18]. Its metabolism is 
qualitatively similar to ara-C, and its action 
is characterized by a specific inhibition of 
DNA synthesis, which is dependent upon 
the cellular accumulation of dFdC nucleo
tides. dCyd kinase is also required for 
phosphorylation of dFdC to the monophos
phate. The 5'-triphosphate dFdCTP is the 
major nucleotide derivative of dFdC; its 
cellular concentration appears to be in a 
constant ratio with the mono- and diphos-

phates. dFdCTP is incorporated into DNA, 
although its molecular pattern of inhibition 
appears to differ from that of ara-C and 
F-ara-A [4]. dFdC 5'-diphosphate inhibits 
ribonucleotide reductase and decreases cel
lular deoxynucleotide pools in a concentra
tion-dependent manner [19, 20]. The 
decrease in cellular dCTP may lead to 
self-potentiation of dFdC metabolism by 
modulation of dCyd kinase activity and of 
its competition for incorporation into 
DNA. 

Clinically, we have demonstrated other 
parallels of dFdC with ara-C. Our phase I 
trial of dFdC in patients with solid tumors 
indicated that accumulation of dFdCTP by 
mononuclear cells is saturated by dose rates 
(225-350 mg/m2 per 30 min) that achieve 
15-20 fA,M dFdC in plasma [20]. 

Saturation kinetics had previously been 
demonstrated for the formation of ara-CTP 
in circulating leukemia cells during high
dose ara-C therapy [21]. We therefore pos
tulate that understanding the relationship 
of the dFdC concentration in plasma to the 
rate of dFdCTP accumulation by leukemia 
cells will be an important factor for design
ing the dFdC dose schedule. Similarly, 
knowledge of the pharmacodynamics of 
this treatment on DNA synthesis and cellu
lar deoxynucleotides will be critical to 
understanding the action of dFdC. 

Programmed Cell Death 

It is now recognized that the death of 
numerous cell and tissue types in response 
to diverse stimuli is characterized by a 
distinct pattern called apoptosis, or pro
grammed cell death (PCD) [22]. This is 
distinguished from necrosis on both mor
phologic and biochemical grounds. The 
hallmarks of PCD include distinctive mor
phologic changes in nucleus and cytoplasm 
along with cleavage of chromatin at regu
larly spaced sites. During PCD, the selec
tive action of an endogenous endonuclease 
produces double-strand DNA cleavage at 
integer multiples of about 190 base pairs 
[23]. This endogenous degradation of chro
matin is apparently induced by a 
Ca2 + /Mg2+ -dependent endonuclease that 
cuts the DNA in exposed linker regions 

255 



between nucleosomes. This activity, de
tected as characteristic structured DNA 
banding ladders by gel analysis, is an early 
event in PCD that occurs within a few hours 
of the appropriate stimulus, preceding the 
loss of dye exclusion capabilities. 

Programmed cell death occurs in lym
phoid cells following deprivation of growth 
factors, after addition of physiologic regu
latory hormones (e.g., glucocorticoids), in 
response to attacks by cytotoxic T lympho
cytes and natural killer cells, and after 
exposure to radiation. Recent results 
demonstrate DNA fragmentation to nu
cleosomal multimers in cells treated with 
topoisomerase-active drugs [24], cisplatin 
[25], and ara-C [26]. 

Recently, remarkable clinical activity has 
been demonstrated for fludarabine phos
phate in chronic lymphocytic leukemia [27] 
and for 2-chlorodeoxyadenosine in hairy 
cell leukemia [28] and chronic lymphocytic 
leukemia [29], but it has been difficult to 
discern mechanisms by which these ostensi
bly cell cycle-active drugs act in indolent 
lymphocytic diseases. F-ara-A and CldAdo 
are nucleoside analogues that inhibit ribo
nucleotide reductase and are incorporated 
into DNA. There are, however, indications 
that these drugs may activate a PCD re
sponse in quiescent lymphoid cells. Thus, 
quiescent lymphocytes treated with 
CldAdo show an increase in ADP ribosyl a
tion accompanied by decreases in cellular 
NAD+ and ATP [30]. These activities are 
associated with DNA strand breaks 
detected by alkaline elution and by gel 
electrophoresis. Thus, promising leads have 
been developed that should be pursued in 
the lymphocytes of patients treated with 
fludarabine and CldAdo. 
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Biochemical Basis for Combination Chemotherapy* 

V Gandhi, E. Estey, M. 1. Keating, and W. Plunkett 

Multiple drug treatment of malignant dis
eases has resulted in an increased frequency 
of response to chemotherapy and prolonga
tion of disease-free survival. Combination 
drug therapy would ideally use the optimal 
schedule and doses of drugs for reinforce
ment of the therapeutic efficacy of one or 
more of the agents. Since combinations of 
chemotherapeutic drugs are necessary to 
potentially cure established cancers, it is 
rational to use drugs that interact via bio
chemical modulation to enhance the cell kill 
and thus to increase the cure rate [1]. We 
studied the combination of 9-~-D arabino
furanosylcytosine (ara-C) and 1-~-D-arabi
nofuranosyl-2-fluoroadenine (F-ara-A) to 
establish a biochemical basis for combina
tion chemotherapy. 

Ara-C is a deoxycytidine analogue effec
tive in the treatment of adult acute leuke
mias. This is a prodrug and has to be 
phosphorylated to its triphosphate to exert 
cytotoxicity. The initial and rate-limiting 
step in the synthesis of the triphosphate 
(ara-CTP) is the phosphorylation of ara-C 
to its monophosphate. This step is catalyzed 
by deoxycytidine kinase, the activity of 
which is regulated by deoxynucleotides 
(dNTP), specifically dCTP. Because dCTP 
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inhibits deoxycytidine kinase and conse
quently phosphorylation of ara-C, agents 
which can deplete or reduce deoxynucleo
tides might be expected to potentiate the 
metabolism of ara-C. 

F-ara-A, an adenosine analogue that is 
also phosphorylated by deoxycytidine ki
nase, accumulates as its cytotoxic 5'
triphosphate, F-ara-ATP. Unlike ara-C, F
ara-A potentiates its own phosphorylation 
by lowering cellular deoxynucleotide pools. 
F-ara-ATP inhibits ribonucleotide reduc
tase, and thereby blocks the de novo syn
thesis of deoxynucleotides. These actions 
support a biochemical rationale for combin
ing F-ara-A and ara-C to modulate the 
metabolism of ara-C to achieve higher 
accumulation of ara-CTP. 

Initial studies were conducted in K562 
human leukemia cells. The cells were incu
bated with 100 flM F-ara-A for 3 h, washed, 
and incubated with 10 flM ara-C. The incu
bation with F-ara-A allowed these cells to 
accumulate F-ara-ATP and to decrease 
dNTP pools. Consistent with the hypothe
sis, the rate of ara-CTP accumulation (an 
indication of deoxycytidine kinase activity) 
increased threefold in K562 cells [2]. A 
similar level of potentiation was observed in 
another leukemia cell line, L1210 (Fig. 1). 
Further investigations in K562 cells demon
strated a relationship between F-ara-ATP 
and potentiation of ara-CTP accumulation. 
The magnitude of the stimulation of ara-C 
phosphorylation was dependent on the cel
lular concentrations of F-ara-ATP up to 
75-100 flM, at which point no further 
increase in ara-CTP accumulation was seen 
(Fig. 2). 
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Fig. 1. Effect of F-ara-A incubations on ara
CfP accumulation in L1210 cells. The cells were 
incubated without (open symbols) or with 100 
f!M F-ara-A (solid symbols) for 3 h, washed in 
drug-free medium, and incubated with 10 f!M 
ara-C. Aliquots are taken every hour up to 6 h. 
perchloric acid extracted, and levels of ara-CfP 
quantitated by HPLC assays 

To understand the mechanistic basis for 
the potentiation of ara-CTP accumulation 
by F-ara-A, the rate of ara-C phosphoryla
tion by K562 cell extracts was compared in 
different settings. The rate of ara-C phos
phorylation in the reaction mixture that 
contained physiological concentrations of 
deoxynucleotides was less than the rate in 
those reactions that had lower deoxynu
cleotide levels observed in cells after F
ara-A treatment [2]. Interestingly, addition 
of 200 [tM F-ara-ATP to the kinase reaction 
also stimulated ara-C phosphorylation. 
These results indicate that there may be a 
direct effect ofF-ara-ATP on deoxycytidine 
kinase. F-ara-ATP-mediated inhibition of 
ribonucleotide reductase and lowering of 
deoxynucleotides suggest an indirect effect 
of F-ara-ATP on deoxycytidine kinase. 

These observations were extended to 
fresh human lymphocytes isolated from 
patients with chronic lymphocytic leuke-
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Fig. 2. Relationship between the cellular F-ara
ATP concentration and ara-CfP accumulation. 
K562 cells were incubated with 300 f!M F-ara-A 
for 2.5 h to accumulate F-ara-ATp, and then 
washed into drug-free medium. At 0, 1,2,3, 12, 
and 18 h later, one portion of the culture was 
removed to determine the cellular concentration 
of F-ara-ATl~ and ara-C (10 f!M) was added to a 
second portion. The cellular concentration of 
ara-CfP was determined after 3 h. That value is 
plotted against the concentration ofF-ara-ATP in 
the cells when ara-C was added 

mia. Cells were incubated with ara-C either 
after in vitro F-ara-A treatment or after a 
therapeutic infusion of fludarabine phos
phate [3]. A twofold incerase in the rate of 
ara-CTP accumulation was observed in the 
cells of 23 patients. Because of the indolent 
nature of this disease and the fact that 
leukemic lymphocytes have undetectable 
levels of deoxynucleotides, a direct effect of 
F-ara-ATP on the activity of deoxycytidine 
kinase measured as ara-CTP accumulation 
must be considered the leading hypothesis 
to explain this augmentation of ara-CTP 
metabolism. Furthermore, the modulatory 
effect of F-ara-ATP on ara-C metabolism is 
not limited to this analogue, but rather can 
be extended to other analogues phosphory
lated by deoxycytidine kinase, such as 2-
chlorodeoxyadenosine, 2'-deoxy-5-azacy
tidine, 2', 3'-dideoxycytidine, fazarabine, 
and 2', 2'-difluorodeoxycytidine [4]. 

Studies have indicated that the level and 
retention of ara-CTP in human leukemia 
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Fig. 3. First cycle of the treatment plan 

cells in vitro [5] or during therapy [6, 7] are 
directly related to clinical response. This 
prompted us to design a protocol based on 
previous clinical, biochemical, and pharma
cologic studies to test the modulation of 
ara-C metabolism by fludarabine phos
phate in patients with AML in relapse. The 
first cycle of the treatment plan (Fig. 3) 
includes two doses of 1.0 g/m2 ara-C and one 
dose of 30 mg/m2 fludarabine phosphate 
(F-ara-AMP). The subsequent four cycles 
include one dose of fludarabine phosphate 
followed by one dose of ara-C. In the first 
cycle ara-C is given twice, before and after 
fludarabine phosphate, to permit compari
son of the rate of accumulation of ara-CTP 
when ara-C is infused without prior treat
ment or after fludarabine phosphate. Thus, 
each patient served as his or her own 
"control" with respect to the effect of 
cellular F-ara-ATP on ara-CTP accumula
tion. The dose rate of ara-C, 0.5 g/m2 per 
hour (intermediate dose ara-C) [8-10], pro
duced ara-CTP accumulation rates similar 
to those observed after high-dose ara-C 
therapy (3 # g/m2 over 2 h) in the same 
patients. These observations suggested that 
dCK was saturated at plasma ara-C levels 
(>7 f,tM) [8] achieved with ara-C doses of 
0.5 g/m2 per hour. Thus, the lower dose has 
the potential of producing equivalent re
sponses, but with less toxicity. Ara-CTP 
concentrations 20 h after ara-C infusions 
are low [6, 7] and thus are unlikely to 
interfere with the metabolism of fludara
bine phosphate infused at that time. This 
directed us to schedule the fludarabine 
phosphate infusion 20 h after the start of 
the ara-C infusion. Previous clinical studies 
using fludarabine phosphate at a dose rate 
of 25-30 mg/m2 per day for patients with 
CLL resulted in >50 % response [11). Since 
this dose is well tolerated by patients, we 
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selected 30 mg/m2 per day of fludarabine 
phosphate for the present protocol. At this 
dose (25-30 mg/m2 per day), F-ara-ATP 
peaked within 4h in CLLlymphocytes [12]. 
Our previous studies using human leukemia 
cells indicated that the augmentation of 
ara-CTP accumulation is directly related to 
the cellular concentration of F-ara-ATI~ 
Therefore, ara-C infusions given 4 h after 
fludarabine phosphate infusions should 
optimize the conditions for ara-CTP modu
lation. Based on these studies, the protocol 
was designed to administer fludarabine 
phosphate 20 h after the first ara-C infu
sion; the second ara-C dose was given 4 h 
after fludarabine phosphate. 

In vivo pharmacology of ara-C in plasma 
and ara-CTP in leukemic blasts from a 
patient with relapsed acute leukemia was 
analyzed to test the hypothesis that fluda
rabine infusion would enhance the metab
olism of ara-CTI~ The initial and linear rate 
of ara-CTP accumulation (0-2 h after start 
of ara-C infusion) was 189 f,tM/h and 389 
f,tM/h during dose one and dose two of 
ara-C, respectively. The area under the 
concentration times time curve (AVC) was 
similarly increased by 1.8-fold during the 
second dose of ara-C. There was no signifi
cant difference in the rate of elimination of 
ara-CTP during these doses (1.9 h, first 
dose; 2.2 h, second dose), suggesting that 
the increase in ara-CTP AVC was due to 
potentiation of ara-C anabolism. Plasma 
pharmacology of ara-C and its deaminated 
metabolite, ara-V, remained similar during 
these doses. Consistent with our prediction, 
the concentration of ara-CTP 24 h after the 
first infusion was low (7 f,tM). As observed 
in the leukemic lymphocytes, the F-ara
ATP peaked 4 h after F-ara-A infusion to 28 
f,tM. 



These data clearly document that exper
imental strategies to potentiate ara-CTP 
accumulation have provided a basis for 
optimal combination sequence, schedule, 
and doses for the design of new protocols. 
Furthermore, protocols formulated on the 
basis of experimental, pharmacologic, and 
biochemical studies could be tested in a 
clinical setting. 
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Interaction of Cytosine Arabinoside Accumulation and Cytosine 
Arabinoside Triphosphate Formation with Various Cytotoxic 
Drugs 

G. Ehninger, B. Proksch, T. Wanner, H. Schmidt, E. Hallmen, E. Schleyer, 
K. laschonek, and W. Hiddemann 

Introduction 

Cytosine Arabinoside (ara-C) has proven to 
be one of the most active antileukemic 
agents although its optimal mode of admin
istration and dosage are still controversial 
[1]. The antileukemic activity of ara-C 
requires its cellular uptake and the intracel
lular conversion to the active compound 
ara-C-triphosphate. At plasma concentra
tions below 5 !lmol/I, transmembrane trans
port occurs by facilitated diffusion via a 
nucleoside carrier system. At higher plasma 
concentrations, which are reached during 
intermediate- to high-dose therapy, ara-C 
enters the cell by passive diffusion [2, 3]. 
The cytotoxicity of ara-CTP is mediated by 
the inhibtion of DNA polymerase and 
incorporation of ara-CTP into DNA. The 
cytotoxicity in tumor cells is well correlated 
with intracellular ara-CTP concentration 
and the amount incorporated into DNA 
[3-11]. The intracellular pool of active drug 
is decreased by an efflux of the parent 
compound and through de ami nation to the 
less toxic ara-U. Usually ara-C is used in 
combination chemotherapy. Less is known 
about the influence of various commonly 
used cytotoxic drugs on the accumulation 
and intracellular phosphorylation of ara-C. 
Our study was initiated to further explore 
this question. 

Medizinische Universitatsklinik und Kinder
klinik der Universitat, Otfried-Miiller-Str. 10, 
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Methods 

Blast cells from 16 patients with acute 
leukemia, predominantly at diagnosis, 2 
with lymphoid, 13 with myeloid differentia
tion, 1 with a B-celllymphoma in leukemic 
phase, were separated for our in vitro study. 
An assay for ara-C influx studies was devel
oped. Tritium-labeled ara-C was used. [14C] 
Sucrose was employed as a second radioac
tive compound as a marker for the extracel
lular space. After centrifugation, the 
uptake was calculated with channel count
ing, in the supernatant and cell pellet. 
Intracellular ara-CTP formation was mea
sured by use of a high-performance liquid 
(HPLC) method developed by Schleyer 
[12]. Influx of ara-C into leukemic blast 
cells was determined without and with 
preincubation with various cytotoxic drugs. 
Results were compared by Student's two
tailed t test for paired observations. The 
drug concentrations used were taken from 
the literature and represent drug levels in 
the early distribution phase. Different con
centrations were used when a compound 
was also administered in high-dose proto
cols. 

Results 

Figure 1 shows the ara-C influx at an 
extracellular concentration of 1 !lmol ara-C. 
After incubation with ara-C alone, intracel
lular concentrations of 101 ± 64 pmol/mil
lion cells were measured. Doxorubicin, 
daunomycin, and mitoxantrone lowered 
the ara-C accumulation to 90 %. Asparagi-
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Fig. 1. Influence of various cytotoxic drugs on the accumulation of ara-C at an extracellular level of 1 
!-lmoill. Data are expressed a percentages of control. Uptake of control: 101 ± pmol ara-C/106 cells (n = 

13). ASp, asparaginase; DNR, daunorubicin; DOXO, doxorubicin; MXN, mitoxantrone; ETO 1, 
etoposide 1 !-lg/ml; ETO 10, etoposide 10 !-lg/ml; AMSA, amsacrine 

nase had no influence on uptake. In con
trast, amsacrine and etoposide 1 /-tg/ml 
lowered uptake to about 50 % that of 
controls. Higher etoposide concentrations 
of 10 /-tg/ml further inhibited ara-C uptake. 
These changes were highly significant. 

% of control p value 

Figure 2 shows the ara-C influx at an 
extracellular concentration of 10 /-tmol ara
C. After incubation with ara-C alone intra
cellular concentrations in controls were 
fivefold higher than at the lower ara-C 
concentration. Intracellular ara-C concen-
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Fig. 2. Influence of various cytotoxic drugs on the accumulation of ara-C at an extracellularlevel of 10 
!-lmo. Data are expressed as percentages of control. Uptake of control: 558 ± ?96 pmol ara-c/106 cells 
(n = 16) ASp, asparaginase; DNR, daunorubicin; DOXO, doxorubicin; MXN, mitoxantrone; ETO 1, 
etoposide 1 !-lg/ml; ETO 10, etoposide 10 !-lg/ml; AMSA, amsacrine 

263 



% of control p value 

150 
140 

120 

100 

80 

60 

40 

20 

o 

<.005 

I 
41:7 

-
-
-
-

./ 

MITOX 

0.46 

T 
~/ 

f--

I--

f--

./ 

AM SA 

<.02 <.0001 <.0001 <.0001 

h 

T 
..:::::...1../ 

f--

rZJ ./ ./ 

ET01 ET010 TENI10 TENI100 
Fig. 3. Influence of various cytotoxic drugs on the formation of ara-CfP at an extracellular ara-C level 
of 10 Ilmolli. Data are expressed as percentages of control. Uptake of control: 15 ± 8 ng ara-CTP/106 

cells (n = 15). MITOX, mitoxantrone; ETO I. etoposide Illg/ml; ETO 10. etoposide 10 Ilg/ml; AMSA, 
amsacrine; TENllO, teniposide 10 flg/ml; TENI100. teniposide lOOllg/ml 

trations of 550 ± 300 pmol/million cells 
were measured. Again, doxorubicin, dau
nomycin, and mitoxantrone lowered the 
ara-C concentration to 90 %. Asparaginase 
had no influence on uptake. Amsacrine and 
etoposide 1 [.lg/mllowered uptake to about 
50 % that of controls. Higher etoposide 
concentrations of 10 [.lg/ml further inhibited 
ara-C uptake. In this set of experiments 
teniposide was also tested. Teniposide was 
more potent than etoposide at decreasing 
ara-C uptake. These changes were highly 
significant. 

Figure 3 shows the intracellular ara-CTP 
formation at an extracellular concentration 
of 10 [.lmol ara-C. At high ara-C concentra
tions, an impairment of transmembrane 
transport may not necessarily slow ara-C 
metabolism. Therefore, to find out whether 
transport was at least partially rate deter
mining, intracellular ara-CTP formation 
was measured for all compounds for which a 
decrease of uptake was observed for more 
than 10 % at any concentration (etoposide, 
teniposide, mitoxantrone, and amsacrine). 
After incubation with ara-C alone, intracel
lular ara-CTP concentrations of 15 ± 8 
ng/million cells were measured. Mitoxan
trone increased the ara-CTP formation de-
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spite slightly decreasing ara-C uptake. 
Amsacrine, which also lowered uptake, did 
not alter ara-CTP formation. This might be 
explained by the fact that mitoxantrone and 
amsacrine also inhibited catabolic pathways 
of ara-C and ara-CTP, for example of the 
deaminases. A quantity of 1 [.lg/ml etopo
side lowered ara-CTP concentrations to 
80 % that of controls whereas a higher 
concentration lowered ara-CTP levels to 
30 % . Teniposide was a more potent inhibi
tor of ara-CTP formation and at 100 [.lg/ml 
completely inhibited ara-CTP formation. 

Discussion 

We are aware that, in addition to interac
tions on uptake and activation, other phar
macodynamic determinants may playa cri
tical role. A sequence-dependent synergism 
of etoposide and ara-C described previously 
by Ohkubo et al. [13, 14] and Rivera et al. 
[15] might be explained by specific cell cycle 
activity. The sequence etoposide 6 h prior 
ara-Cw W was the most active combination. 
No activity was observed after simulta
neous administration. This might be 
explained by our data and a decrease of 



DNA synthesis by ara-C. This effects lasts 
for some hours, in which cells may remain in 
an etoposide-insensitive stage. An Austra
lian group recently published a randomized 
investigation comparing etoposide added to 
daunorubicin and continuously adminis
tered ara-C [16]. A significantly improved 
remission duration but not survival was 
seen in a subgroup of patients. On the basis 
of our data and the animal studies described 
this result might have been less than opti
mal. Some leukemic cells might have been 
in an etoposide-insensitive stage and ara-C 
uptake and ara-CTP formation would have 
been decreased. 

These data emphasize the need for thor
ough preclinical evaluations on possible 
interactions between cytotoxic agents. The 
present data may already justify the recom
mendation that the administration of eto
poside and teniposide should not imme
diately precede or accompany ara-C admin
istration in clinical trials. 
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Dose-Dependent Cellular and Systemic Pharmacokinetics of 
Cytosine Arabinoside 

R. L. Capizzi and 1. C. White 

The proper selection of dose for any desired 
therapeutic effect must consider the drug's 
systemic and cellular pharmacokinetics. 
Pharmacokinetics, the measurement of 
drug concentration over time, is essential to 
the attainment of a desired pharmacody
namic effect. Correlation of cellular phar
macokinetics with systemic pharmacokin
etics offers opportunities for optimal 
dosage and schedule selection so as to 
achieve the optimal therapeutic index. 

Clinical research into the antileukemic 
efficacy of cytosine arabinoside (ara-C) 
over the past 25 years has spanned a wide 
dosage range from 10 mg/m2 to >3000 
mg/m2. This has provided unique opportu
nities to relate dose to plasma concentra
tions which, in turn, have been related to 
cellular effects and, ultimately, the thera
peutic index. A complete remission (CR) 
rate of 25 % is reported from the use of 
ara-C administered as a single agent at 

·100-200 mg/m2 per day for 7 days (so-called 
standard dose ara-C or SDAC) in previous
ly untreated patients with acute myeloid 
leukemia (AML) [1]. In contrast, recent 
trials with high-dose ara-C (HiDAC) in 
similar patients have resulted in a CR rate in 
the 70 %-80 % range [2], an effect equiva
lent to that achieved by the combined use of 
100-200 mg/m2 ara-C administered for 7 
days in combination with three daily doses 
of an anthracycline antibiotic [3]. This paper 
will review the pharmacokinetic basis for 
this dose-related range in response rates. 

Comprehensive Cancer Center of Wake Forest Uni· 
versity, Bowman Gray School of Medicine, 300 S. 
Hawthorne Road, Winston-Salem, NC 27103, USA 
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The nucleoside ara-C enters leukemia 
cells via the nonconcentrative facilitated 
diffusion mechanism that is shared by nat
urally occurring nucleosides [4]. Once in the 
cell, ara-C is successively anabolized to the 
mono-, di-, and triphosphates. Ara-C tri
phosphate (ara-CTP) then polymerizes 
with normal nucleoside triphosphates and is 
incorporated into DNA, a process leading 
to cell death [4-7]. The two rate-limiting 
steps in this process are membrane trans
port [8] and the initial phosphorylation step 
to the nucleoside monophosphate, ara
CMP [4, 8]. Appropriate laboratory expe
riments can dissect the interrelationship 
and the relative importance of each of these 
steps. 

The average number of nucleoside car
rier molecules per cell can be quantified 
using the nucleoside analog, nitrobenzyl 
mercaptopurine riboside (NBMPR). 
NBMPR binds tightly to the nucleoside 
carrier (Kd = 1 nM [9, 10]) but is not 
translocated across the cell membrane. The 
cellular binding capacity for radiolabeled 
PH]NBMPR is closely correlated with 
NBMPR-sensitive nucleoside transport 
rates. The number of NBMPR-binding sites 
and the rate of ara-C translocation across 
the cell membrane in a variety of cell lines 
and human leukemic blasts taken directly 
from patients (leukemic blasts) is shown in 
Table 1. Whereas various human and 
murine cell lines have an abundance of 
carrier molecules per cell (range of 
59000-183000 sites/cell), leukemic blasts 
had at least an order of magnitude fewer 
sites/cell, average 4223 ± 4334, and 
markedly slower transport rates for ara-C 



Table 1. Cytosine arabinoside transport rate 
and nucleoside carrier sites. 
(From White et al. [8]) 

Ratea NBMPR 
sitesb 

Patients 
Acute leukemia 14 ± 15 4223 ± 4334 

n = 45 n = 61 

Human leukemia 
in cell culture 

ML-l 805 139000 
HL-60 49 59000 
CCRF-CEM n.d. 183000 

Mouse ascites 
tumors 

Ehrlich 272 94000 
L5178Y 105 74000 
P383 n.d. 137000 

n.d., not determined 
" pmollmin/106 cells at 50 I-1M [lH] ara-C ± SD 
b Maximal specific [3H]NBMPR-binding sites 
per cell ± SD 

14 ± 15 pmoUmin per 106 cells for the 
leukemic blasts compared to 49-805 
pmol/min per 106 cells for the cultured cell 
lines. Of note in this regard is the wide 
variability in NBMPR-binding sites and 
transport rates in leukemic blasts as 
reflected in the standard deviation for both 

parameters. Because of this wide interpa
tient variability, transport may assume vari
able importance as a determinant of ara-C's 
cellular pharmacology and on the optimal 
dosage for individual patients. 

Cellular pharmacokinetic studies indi
cate that, at extracellular drug concentra
tions that are:::::; 1 M, membrane transport 
limits the net rate of cellular metabolism to 
phosphorylated metabolites. When trans
port capacity is low compared to phospho
rylation capacity, intracellular ara-C will be 
metabolized as rapidly as it enters the cell. 
Table 2 lists the intracellular/extracellular 
concentration ratios for unchanged ara-C 
(i. e., as the nucleoside) when various cell 
types are exposed to 1 [lM ara-C. Ehrlich 
ascites cells are typical of experimental cell 
lines in that they have very high nucleoside 
transport capacity (see Table 1). In these 
cells, ara-C very rapidly equilibrates across 
the cell membrane and the intracellular to 
extracellular ratio is close to 1. However, 
for leukemic blasts taken from five patients, 
the intracellular nucleoside concentration 
averages only 18 % of the extracellular 
concentration when the cells are exposed to 
1 [lM ara-C. This is because at 1 [lM ara-C 
intracellular phosphorylation of ara-C 
takes place more rapidly than the capacity 
of the membrane carrier to trans locate the 
drug across the cell membrane. This is 
significant because at this low concentra
tion range the rate of phosphorylation is 

Table 2. Dependence of intracellular ara-C (nucleoside) concentration on the extracellular ara-C 
level. (From White et al. [8]) 

Cells 

Patient 51 
52 
52 
53 
54 
55 

Ehrlich 

Method" 

DEAE Sephadex 
HPLC 
DEAE Sephadex 
DEAE Sephadex 
DEAE Sephadex 
HPLC 
Mean ± SD 
DEAE Sephadex 

II-1M 

0.27 
0.14 
0.12 
0.37 
0.10 
0.09 

[Intracellular ara-c] 

[Extracellular ara-C] 

50M 

1.02 
0.53 
0.41 
0.76 
0.38 
0.49 

0.18 ± 0.11 
0.90 

0.60 ± 0.25 
0.94 

a Cells were incubated with (lH]ara-C for 20 min, then extracted with tricarboxylic acid. Unchanged 
[3H]ara-C (nucleoside) was separated from phosphorylated metabolites using minicolumns of 
DEAE-Sephadex A25 or anion-exchange HPLC. 
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approximately proportional to the intracel
lular concentration (effective intracellular 
Krn = approx. 1.5 !!M [8, 11]. This limitation 
of the intracellular ara-C level is reflected in 
an increase in the apparent Krn for cellular 
uptake. An extracellular ara-C concentra
tion of 4-5 !!M is needed to achieve an 
intracellular concentration of 1.5 !!M. As 
the extracellular concentration is increased 
to 50 !!M, a concentration in the range of 
those achieved during a 3-h infusion of 3 
g/m2 (Table 3), the intracellular to extracel
lular ratio is increased to 0.6 with a range of 
0.4-1.0. Intracellular/extracellular ratios 
approach unity, because leukemic blasts 
have a very high Krn for ara-C transport 
(>400 !!M [8, 12]). Given this high Krn, the 
rate of ara-C transport into human blasts is 
essentially proportional to the plasma con
centration in the standard to high dosage 
ranges, i. e., milligram to gram doses. How
ever, the phosphorylation of intracellular 
ara-C is saturated at relatively low concen
trations (Krn = 1.5 !!M [8, 11]). 
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Table 3. Plasma levels of ara-C 

100 mg/m2 

Bolus 
Continuous infusion 

200 mg/m2 
Continuous infusion 

3000 mg/m2 

ara C level Reference 
(ltmol/l) 

20.0 (peak) [18] 
0.4 [18] 

0.8 

100.0 

[31] 

[21] 

The impact of transport on cellular drug 
accumulation over a range of extracellular 
drug concentrations can be assessed by 
calculation of its "control strength" (Ct) [8]. 
Ct is a rather complex function of the Krns 
and V rnaxS for transport and intracellular 
phosphorylation, and of the extracellular 
ara-C concentration [8]. This concept was 
developed to assess the impact of transport 
on cellular accumulation of nucleosides by 
Wohlhueter and Plagemann [13]. In this 
context, control strength defines the rela
tive importance of membrane transport as a 
determinant of the net rate of cellular 
phosphorylation. A Ct of 1.0 would mean 
that the phosphorylation (or ara-CTP accu
mulation) rate was a direct function of the 
transport rate, while a Ct of zero would 
mean that the phosphorylation rate was 
independent of the transport rate. As illus
trated in Fig. 1, transport control strength 
declines with increasing extracellular con
centrations of ara-C. The solid line is based 

t 
o 
Co 
en 
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~ 
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.................... _------ \ 
.. ~~ .. -.----.. 

...... _--................ _--
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Fig. 1. Concentration dependence of transport control strength as a determinant of the rate of 
accumulation of ara-C in AML cells from patients. Solid line is based on median kinetic constants (see 
White et al. 1987). Dashed and dotted lines are derived from kinetic parameters of cells from two 
patients, which represent extremes of high and low sensitivity to transport capacity as a determinant of 
the rate of ara-C accumulation. Solid line, average AML; dashed line, patient 33; dotted line, patient 
26. (From White et al. [8]) 
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on the median kinetic constants for trans
port and phosphorylation from a group of 
10-33 patients. The two broken lines are 
derived from kinetic parameters derived 
from cells taken from two patients which 
represent the extremes of high or low 
dependence on transport as a determinant 
of the phosphorylation rate. As indicated 
by the solid line, when median kinetic 
constants derived from the total patient 
population are used, transport is the rate
limiting step for cellular accumulation at 
ara-C concentrations achieved during the 
continuous infusion of SDAC (CI-SDAC) 
(see Table 3). This pharmacologic impedi
ment can be eliminated by increasing the 
extracellular drug concentration to 1015 
11M. This latter drug concentration is 
exceeded by current usage of 3 mg/m2 (see 
Table 3). 

The broken lines reflecting the two 
extremes in observations are of interest. For 
the patient depicted by the dotted line, 
transport is a relatively less important phar
macologic parameter. Even at low ara-C 
levels, an alteration in transport would have 
only a minor effect on the phosphorylation 
rate; transport capacity would not limit 
phosphorylation at either low or high doses. 
In contrast, the leukemic blasts in the 
patient depicted by the dashed line have a 
marked limitation in transport capacity at 
lower concentrations of ara-C typically 
achieved during CI-SDAC (Table 3). How
ever, drug concentrations typical of HiDAC 
effectively eliminate this pharmacologic 
barrier. This pharmacologic characteriza
tion may typify the patient who failed to 
enter remission with an SDAC-containing 
protocol, but who could be induced into CR 
with HiDAC. These data would indicate 
that, from a purely cellular pharmacokinet
ic standpoint, an extracellular drug concen
tration of 10-15 11M would eliminate any 
transport limitation on the cellular accumu
lation of ara-C. This "optimal" concentra
tion is much less than that achieved during 
the 3-h infusion of 3 g/m2 wherein the mean 
plasma steady-state concentration (CPSS) 
is in the 50-11M range (Table 3). In an 
ongoing study of the population pharmaco
kinetics of ara-C, rather wide interpatient 
variability (four- to tenfold) in the CPSS has 
been observed at each dosage level [14]. 

This wide range of mean plasma concentra
tions associated with each dosage level may 
have substantial pharmacologic implica
tions. These data would indicate that the 
ideal therapeutic practice would include 
plasma drug monitoring with appropriate 
dosage adjustments as needed to maintain 
the CPSS in the 10- to IS-11M range. 
However, even the most meticulous plasma 
drug monitoring and adjustment will not 
assure universal therapeutic success since 
ara-C is a pro-drug whose active form is an 
intracellular metabolite, ara-CTP; 
measurements of the latter are technically 
more cumbersome. 

Cytosine arabinoside displays dose
dependent pharmacokinetic effects. The 
systemic pharmacokinetics of ara-C are 
primarily affected by systemic metabolism 
to ara-U (1-~-D-arabinofuranosyl uracil) by 
cytidine-deoxycytidine deaminase [15]. 
Ara-U is normally considered to be a 
metabolically inert, detoxification product. 
When administered as a bolus dose or 
following the termination of a continuous 
infusion as SDAC, the plasma elimination 
of ara-C has been described as a biexpo
nential process [16-20] with a ttlla and ~ of 
7-12 min and 111-157 min, [16,20] respec
tively. In contrast, when administered as 3 
g/m2 the plasma elimination has been 
described as a triexponential process (Fig. 
2) [21]. In this study, the observed steady
state plasma concentrations (CPSS) for 
ara-C varied from 60 to 166 11M, in ten 
courses in four patients; the average was 
115 ± 32 11M [21]. In a larger, multicenter 
study the mean CPSS was 54 11M with a 
range of 20-80 11M in 16 patients. Clearly, 
the CPSS values associated with a 3-h 
infusion of 3 g/m2 are larger than those 
required to optimize cellular transport and 
accumulation. 

Metabolism to ara-U occurs within min
utes of ara-C administration. Following the 
administration of 3 g/m2 of ara-C, ara-U 
reaches peak plasma concentrations in the 
range of 310 ± 106 11M and is eliminated 
with an average apparent half-life of 3.75 ± 
1.8 h (range 1.4-6.4 h) (Fig. 2). Nine hours 
after the termination of the HiDAC infu
sion, the time when a subsequent infusion 
of HiDAC would be started, the plasma 
concentration of ara-U averaged 83 ± 26 
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Fig. 2. Plasma-C and ara-U concentrations during and after a 3-h infusion of 3 g/m2 ara-C 
administered every 12 h for four doses. Points represent the mean ± SD of ten studies in four patients. 
?, ara-C; ?, ara-U. (From Capizzi et al. [21]) 

f,tM [21]. This rapid appearance of ara-U 
follwing the start of a HiDAC infusion and 
its long half-life raises several interesting 
questions relative to the effect of these high 
concentrations on the observed pharmaco
kinetics of HiDAC, especially as it departs 
from the observed pharmacokinetics of 
SDAC. It was conjectured that this dose
related effect was due to the inhibitory 
effect of ara-U on Cyd-dCyd deaminase. 
The inhibitory effect of ara-U on the activ
ity of Cyd-dCyd dearninase derived from 
human leukemia cells is shown in Fig. 3. 
Increasing concentrations of ara-U inter
fere with deamination in a competitive 
fashion (product competitive inhibition) 
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with an apparent K j of 5.6 f,tM. Limited data 
in the literature speak of dose-dependent 
pharmacokinetics for antimetabolites [22] 
and earlier investigations on ara-C metab
olism noted a dose-related decrease in 
deamination [16]. 

This metabolite-drug (i. e., ara-U-ara-C) 
interaction was explored in vivo in leukemic 
mice. Mice bearing the L5178Y murine 
leukemia as an ascites tumor received a 48-h 
continuous infusion of ara-V. Table 4 details 
the plasma steady-state concentrations and 
the concentrations of ara-U in the liver and 
kidneys, the major catabolic sites for ara-C 
Of interest is the substantial accumulation 
of ara-U in these organs in considerable 
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Fig. 3. Lineweaver-Burk plot indicating the 
inhibitory effect of ara-U on purified cytidine 
deaminase derived from human AML cells. The 
enzyme assays were performed using 0.7 units 
purified Cyd deaminase and the indicated con
centrations of ara-U. The insert (B) shows a 
replot of the slope of the lines obtained from the 
double reciprocal plot (A) versus ara-U concen
tration. (From Capizzi et al. [21]) 

excess to that found in the plasma; these 
concentrations in the liver and kidneys 
exceed the Ki of ara-U for Cyd-dCyd deam
inase. There may be some parallels in the 
tissue pharmacokinetics of ara-U and uri
dine. Dornowski and Handschumacher 
reported that, while a 250-mg/kg dose of 
uridine in mice increased the plasma con-

Table 4. Ara-U levels achieved during contin
uous infusion in mice. (From Chandrasekaran et 
al. [30]) 

Plasma SS 

723±31 f.tM 
(N=lO) 

Liver Kidney 

10-29 MM 34-86 MM 

Ki of ara-U for Cyd deaminase in liver and kidney 
was 11.2 and 18 MM, respectively 

centration of uridine to over 1 mM for a 
brief period, the concentration of uridine 
increased 5-to 10-fold over the correspond
ing plasma concentration in most tissues, 
20-fold in the spleen, and 70-fold in the 
kidney [23]. These findings suggest that, in 
normal tissues and explanted cells, pools of 
uri dine are sustained by a concentrative 
transport mechanism and constitute a pre
viously unrecognized reservoir. We ob
served a similar increase in ara-U concen
tration in these organs relative to the plas
ma concentration: up to 20-fold in the liver 
and 80-fold in the kidney. This organ accu
mulation relates to the concentration
dependent inhibitory effect of ara-U on 
Cyd-dCyd deaminase activity. This, in turn, 
retards ara-C catabolism, delaying its clea
rance from the plasma resulting in a larger 
area under the curve. At 240 min after 
ara-C administration, the plasma ara-C 
levels in the ara-U-treated group were 
approximately ll-fold (735 [lM) higher 
than in the control group (65 [lM). This, in 
turn, leads to higher concentrations of 
ara-C in the mouse leukemia cells. These 
studies have also shown that ara-U imparis 
the renal excretion of ara-C and results in a 
substantial accumulation of both ara-U and 
ara-C in plasma, ascites fluid, and L5178Y 
cells. 

In addition to altering the systemic phar
macokinetic effects of ara-C, high concen
trations of ara-U also have a significant 
effect on leukemia cytokinetics. Having 
noted the high plasma concentrations and 
long half-life of ara-U in patients treated 
with HiDAC, the repetitive infusion of 
HiDAC at 12-h intervals for 6-12 doses, as 
is commonly used in AML protocols, essen
tially provides a continuous infusion of 
ara-U. Twenty-four-hour exposure of mu
rine leukemia L5178Y cells to high concen
trations of ara-U in vitro causes an accumu
lation of cells in the S-phase of the cell cycle 
(Fig. 4) [24]. Similar effects are noted in the 
ara-U infusion studies in leukemic mice 
described above in the pharmacokinetic 
studies. These cytokinetic effects of ara-U 
have implications for ara-C pharmacology 
in that S-phase accumulation is associated 
with an increase in the specific activity of 
dCyd kinase, the rate-limiting enzyme in 
the cellular accumulation of ara-C [25-28]. 
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Fig. 4. DNA histogram analysis of L5178Y cells 
after 24-h treatment with ara-U. Cells were 
prepared and stained with propidium iodide and 
analyzed by flow cytometry as described in the 
references. (From Yang et al. [29]) 

Since the subsequent nucleotide anabolic 
enzymes are present in excess, the cellular 
pool of ara-CTP is increased which, in turn, 
is associated with an associated increase in 
ara-C incorporation in DNA [29, 30]. Con
sistent with the well-described relationship 
between ara-C incorporation into DNA and 
cytotoxicity [4-7], this interaction between 
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ara-U and ara-C is associated with 
increased cytotoxicity to leukemia cells 
both in vitro [29] and in vivo [30]. Of 
interest is the apparent lack of increased 
toxicity to normal organs of the mouse [30]. 
Using isobologram analysis, Mueller and 
Zahn also noted pharmacologic synergy 
between ara-U and ara-C on L5178Y cells 
[24]. 

In summary, the cellular pharmacokin
etics of ara-C are optimized at extracellu
lardrug concentrations in the 10- to 15-f!M 
range. At these concentrations transport 
rates are no longer rate limiting, and ara-C 
phosphorylation capacity is saturated. The 
prime determinants of the ara-C effect then 
shift to multiple intracellular events includ
ing anabolism to nucleotides, catabolism 
via deamination by Cyd-dCyd deaminase 
and dCMP deaminase, half-life of ara-CTp, 
the extent of incorporation into DNA, and 
the half-life of ara-CMP residues in DNA. 
When administered as repetitive doses of 3 
g/m2 over a 1- to 3-h period, systemic 
deamination of ara-C gives rise to high 
plasma concentrations of ara-U. This me
tabolite has a long plasma half-life and , at 
least in the mouse, is concentrated in the 
liver and kidneys. High concentrations in 
these organs retard the further catabolism 
of ara-C and thus increase the systemic 
AUC providing a longer exposure period to 
the drug. Additionally, by some as yet 
unknown mechanism, high concentrations 
of ara-U cause accumulation of cells in 
S-phase, the phase of the cell cycle wherein 
ara-C is maximally effective. These meta
bolite-drug interactions that occur when 
ara-C is given at high doses constitute a 
means for "self-potentiation" and may thus 
contribute to its overall therapeutic effica
cy. 
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Enhanced Accumulation of dFdC-Triphosphate in Tumor Cells 
with Short Retention of ARA -C Triphosphate 

V. Heinemann! and W. Plunkett2 

Introduction 

The comparative analysis of cellular accu
mulation of 2', 2'-difluorodeoxycytidine 5'
triphosphate (dFdCfP) or 1-~-D-arabino
furanosylcytosine 5'-triphosphate (ara
CfP) has demonstrated a wide variation 
depending on which cell line was studied. 
Some cell lines show a nearly equal accu
mulation of dFdCTP and ara-CTI~ while 
others accumulate dFdCTP to severalfold 
higher concentrations than ara-CfP. Both 
drugs, dFdC and ara-C, are activated by 
intracellular phosphorylation, a process in 
which deoxycytidine kinase (dCK) is rate 
limiting [1]. Intracellular accumulation and 
retention of ara-CTP and dFdCTP relate to 
cytotoxic drug activity. In contrast to ara-C, 
dFdC acts as an inhibitor of ribonucleotide 
reductase (RR) and deoxycytidylate de am
inase (dCMPD) [2,3]. Additionally, cellu
lar elimination of dFdCfP is concentration 
dependent, while ara-CfP elimination oc
curs independently of cellular ara-CfP con
centrations [1]. The present study set out to 
specify the mechanism responsible for dif
ferential accumulation of dFdCfP and ara
CTP. For this purpose the cell lines CCRF
CEM, K562, HL-60, and CHO were ana
lyzed. 
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versity of Munich, Marchioninistr. 15, 8000 
Munich 70, FRG 
2 Department of Medical Oncology and Hema
tology, University of Texas MD Anderson Cancer 
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Materials and Methods 

dFdC, dFdU, dFdCMp, and [5-!4C]dFdC 
were synthesized at the Eli Lilly Research 
Laboratories (Indianapolis). Experiments 
were performed in human leukemia cell 
lines CCRF-CEM (T-Iymphoblastic), HL-
60 (promyelocytic), K562 (erythroblastic), 
and additionally in Chinese Hamster Ovary 
(CHO) cells. Analysis of acid-soluble cell 
extracts for nucleosides and nucleoside 
phosphates was performed by high-perfor
mance liquid chromatography (HPLC) as 
previously described [1]. Cellular dNTP 
concentrations were determined after de
gradation ofNTP byperiodate oxidation [3]. 
Activity of deoxycytidine kinase was assayed 
in broken cell extracts following the method 
of Saunders and Lai [4]. Deoxycytidylate 
deaminase activity was assayed in broken cell 
extracts according to the method reported by 
Fridland and Verhoef [5]. 

Results 

Comparative Analysis of Cellular 
Accumulation of dFdCTP Versus ara-CTP 

Four cell lines, CCRF-CEM, HL-60, K562, 
and CHO, were analyzed after separate 
incubation with 10 11M dFdC and ara-C 
respectively. Accumulation of nucleotide 
analogs was nearly parallel in CEM cells, 
where a dFdCfP/ara-CTP ratio of 1.2 was 
reached. By contrast, K562, HL-60, and 
CHO cells showed increasingly greater 
ratios of dFdCTP/ara-CTP (2.25, 6.6, and 
17.3 respectively). 
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Comparative Analysis of dCK Activity in 
Cell Extracts 

As an important factor of deoxycytine
analog phosphorylation, dCK activity was 
compared in extracts of CEM" K562, HL-
60, and CHO cells. dFdC was generally 
shown to have lower Km values and higher 
V max values than ara-C. VmaxJhlC/V maxara-(' 
ratios of 2.3, 3.0, 2.6, and 2.0 were calcu
lated for CEM, K562, HL-60, and CHO 
cells" In fact, comparative analysis of these 
values did not yield a significant difference 
between cell lines. Additionally, no striking 
differences between cell lines were obtained 
when the efficacy of drug phosphorylation 
(VmaxlKm) was compared for dFdC and 
ara-C 

Effect of dFdC on Cellular dNTP 
Concentration 

Perturbation of cellular dNTP pools was 
assayed in CEM, K562, and CHO cells after 
exposure to 10 ~M dFdC Control concen
trations of dCTP in these cell lines were 30.1 
~M, 3.5 ~M, and 238 ~M respectively. 
Exposure to dFdC resulted in a decrease of 
cellular dCTP pools to 6.6 %, 23 %, and 
96 % in CEM, K562, and CHO cells respec
tively. 

Velocity of Drug Triphosphate Degrada
tion 

Elimination of dFdCTP in CEM, K562, and 
HI-60 cells was linear at low dFdCTP con
centrations «50 ~M), while biphasic elimi
nation with a concentration-dependent 
increase of tIl2~ was observed at greater 
dFdCTP concentrations. CHO cells showed 
only biphasic elimination kinetics. The time 
of inflection from tll2~ was essentially inde
pendent of dFdCTP concentration, and 
occurred at 4,6,2, and 2 h for CEM, K562, 
HL-60, and CHO celis, respectively. In 
CEM, K562, HL-60, and CHO cells, a tl12u 
of 3.3,4.8,2.0, and 3.9 h was observed. 

Cytosine arabinoside triphosphate elimi
nation, by contrast, was linear and indepen
dent of cellular ara-CTP concentrations. In 
CEM, K562, HL-60, and CHO cells ara-
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CTP half-lives (t l12) of 4.8,2.3,1.5, and 0.7 h 
were measured respectively. Apart from 
CEM cells, initital elimination of ara-CTP 
was faster than of dFdCTP. 

Comparative Analysis of dFdCM P Deami
nation by dCMPD in Cell Extracts 

Compared to ara-CMp, dFdCMP was a 
good substrate of dCMPD (data not 
shown). In CEM, K562, and HL-60 cells 
apparent Km values of 0.063, 0.046, and 
0.150 mM were calculated, with Vmax values 
of 3.8, 1.7, and 0.8 nmol/min x 106 cells 
respectively. The effectivity of dFdCMP 
deamination was estimated to be 60.4, 37.4, 
and 5.5, respectively. No significant 
dCMPD activity was measured in CHO 
cells. 

Effect of Hydroxyurea on Cellular ara-C 
Phosphorylation 

To show the effect of inhibition of ribonu
cleotide reductase on dCK activity, cells 
were preincubated for 2 h with or without 5 
mM hydroxyurea (HU). CEM and CHO 
cells were subsequently exposed to saturat
ing concentrations of ara-C (10 and 100 ~M 
respectively), and cellular ara-CTP accu
mulation was measured as a function of 
dCK activity. Pretreatment of CEM cells 
with HU induced only a minor increase of 
cellular ara-CTP accumulation from 364 to 
374 ~M (103 %). By contrast, pretreatment 
of CHO cells resulted in a five fold increase 
of cellular ara-CTP accumulation. 

Discussion 

The superiority of dFdCTP over ara-CTP 
accumulation varied significantly between 
the cell lines CEM, K562 , HL-60, and 
CHO. dFdCTP/ara-CTP ratios of 1.2,2.25, 
6.6, and 17.3 were achieved. These differ
ences may originate in different character
istics of anabolism and/or catabolism of the 
respective drug triphosphates. 

Deoxycytidine kinase plays an important 
role in the phosphorylation of dFdC and 
ara-C The V max of dFdC phosphorylation 



exceeded that of ara-C phosphorylation 
two- to threefold in cell extracts of all 
analyzed cell lines. In fact, there was no 
significant difference in the ratio of 
VmaxdFdC/V maxara-C between the cell lines. 
Neither dCK activity nor substrate proper
ties of dFdC or ara-C were clearly respon
sible for the differences in analog triphos
phate accumulation. 

In contrast to ara-C, dFdC acts as an 
inhibitor of ribonucleotide reduction and 
depletes cellular dCTP pools [3]. A 
decrease in cellular dCTP concentrations 
was expected to reduce feedback inhibition 
of dCK, resulting in enhanced dCK activity 
[6]. However, dCTP depletion was least in 
CHO cells (96 % of control) showing the 
greatest superiority of dFdCTP versus ara
CTP accumulation; dCTP depletion was 
greatest (6.6 % of control) in CEM cells 
where dFdCTP and ara-CTP accumulation 
were nearly equal. The degree of cellular 
dCTP depletion consequently does not 
qualify as a predictor of superiority of dFdC 
over ara-C phosphorylation. 

Also the velocity of drug triphosphate 
elimination contributes to the amount of 
dFdCTP or ara-CTP accumulation. Compa
rative analysis of the TI,,~ of dFdCTP 
showed only minor differences between cell 
lines. By contrast, the TI" of ara-CTP was 
longest in CEM cells (4.8 h) followed by 
K562 (2.3 h), HL-60 (1.5 h), and CHO (0.7 
h). dCMPD activity was analyzed as an 
important determinant of dFdCTP and to a 
lesser extent of ara-CTP elimination. How
ever, no correlation was found between 
dCMPD activity and the velocity of drug 
triphosphate elimination. We conclude that 
isolated analysis of phosphorylation or 
degradation of the respective drug triphos
phates alone cannot explain the observed 
differences in nucleoside analog metabol
ism. 

However, it appears that cell lines with 
the shortest tI" of ara-CTP are the ones 
which will show the greatest advantage of 
dFdCTP accumulation. The following hypo
thesis may explain this observation. A short 
t l " of ara-CTP may reflect a high turnover of 
dNTP for which dCMPD is presumably of 
less importance than deoxy-5' -nucleoti
dases. Cells with a high capacity of dCTP 
degradation need a comparatively high 

capacity to produce dCTP either through de 
novo synthesis (RR) or through the salvage 
pathway via dCK. If RR is inhibited, acti
vation of the salvage pathway and conse
quently of dCK is correspondingly high [7]. 
By contrast, cells with a low dNTP turnover 
or a long TI12ara-CTP respond to RR inhibition 
by a comparatively smaller degree of dCK 
activation. This hypothesis is supported by 
the observation that HU-mediated inhibi
tion of RR enhanced dCK activity (as 
reflected by ara-CTP accumulation) by five 
fold in CHO cells (Tl"ara-CTP) = 0.7 h), 
while ara-CTP accumulation was activated 
only to a minor extent (1.03-fold) in CEM 
cells (TI"ara-CTP = 4.8 h). In HL-60 cells a 
2.4-fold increase of ara-CTP accumulation 
was observed after HU-mediated RR inhi
bition [7]. 

We conclude that enhancement of dFdC 
phosphorylation is expected to be greater in 
cells with short cellular ara-CTP retention 
compared to cells with long ara-CTP reten
tion. In other words, cells with the unfavor
able characteristic of short ara-CTP reten
tion should be good candidates for dFdC 
treatment. 

Summary 

Several leukemia and animal tumor cell 
lines were analyzed for their respective 
ability to accumulate intracellular cytosine 
arabinoside triphosphate (ara-CTP) and 2', 
2'-difluorodeoxycytidine 5'-triphosphate 
(dFdCTP). The superiority of cellular 
dFdCTP accumulation over ara-CTP accu
mulation after incubation with 10 ftM drug 
is shown by the ratio of dFdCTP/ara-CTp, 
which was 1.2, 2.25, 6.6, and 17.3 in CEM, 
K562, H160, and CHO cells respectively. 
These differences in analog triphosphate 
accumulation could not be explained by 
different effects of dFdC-mediated inhibi
tion of ribonucleotide reductase on dNTP 
pool size. Phosphorylation of dFdC or 
ara-C by deoxycytidine kinase in cell 
extracts was not significantly different 
between the cell lines. The ratios of 
V maxdFdC/V maxara-C were nearly identical, at 
2.3, 3.0, 2.6, and 2.0 for CEM, K562, 
HL60, and CHO respectively. Cellular elim
ination of dFdCTP alone did not account 
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for the observed differences in dFdCTP 
accumulation (Tllla~ = 3.3, 4.8, 2.0, 3.9). 
But an inverse relation was noted between 
ara-CTP retention and the ratio of 
dFdCTP/ara-CTP accumulation. The intra
cellular half-lives (Till) of ara-CTP in CEM, 
K562, H160, and CHO were 4.8, 2.3, 1.5, 
and 0.7 h respectively. High dNTP turnover 
as reflected by a short Till of ara-CTP may 
necessitate a high activity of dNTP de novo 
synthesis. We hypothesize that dFdC
mediated inhibition of ribonucleotide re
ductase activates the salvage pathway and 
with it deoxycytidine kinase (dCK). 
Accordingly, activation of dCyd kinase
mediated dFdC phosphorylation may be 
greater in cells with high dNTP turnover. 
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Intracellular Pharmacokinetics of Cytosine Arabinoside in 
Leukemic and Normal Blood Cells* 
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T. Buchner, and W. Hiddemann 

Introduction 

The cytotoxic activity of ara-C has been 
shown to depend on its intracellular phos
phorylation and the accumulation of its 
active metabolite ara-C 5' triphosphate 
(ara-CTP). Especially during high-dose 
regimens a long ara-CTP retention time was 
found to be related to the likelihood of 
achieving a complete remission and possi
bly even with remission duration [1-3]. 
These findings provided the means for a 
pharmacologically directed design of ara-C 
therapy attempting to optimize dose rates 
and treatment schedules according to the 
intracellular pharmacology of ara-CTP in 
leukemia blasts [4-7]. Preliminary data 
indicate that the investigation of intracellu
lar ara-C pharmacokinetics may also enable 
the cytotoxic specificity of ara-C to be 
increased against leukemic cells since non
leukemic mononuclear cells were found to 
accumulate less ara-CTP and to eliminate it 
more rapidly than leukemic blasts. These 
findings may result from quantitative differ
ences in the deoxyribonucleotide metabo
lism between the two cell populations as 
recently suggested by Bhalla and coworkers 
and Grant et al. [8-9]. The current study 

* This paper was supported by a grant from the 
Deutsche Krebshilfe, Dr. Mildred Scheel Stif
tung fUr Krebsforschung, FRO, W 24/87/HIl. 

was initiated to expand on these investiga
tions and to search for differences in intra
cellular ara-C pharmacokinetics between 
leukemic and nonleukemic mononuclear 
blood cells. 

Patients, Material, and Methods 

Patients 

Pharmacokinetic investigations were per
formed in 32 patients with acute myeloid 
leukemia (AML) at initial diagnosis (n = 6) 
or first or second relapse (n = 26). In 
addition, two patients with acute lympho
blastic leukemia and high-grade non-Hodg
kin's lymphoma were investigated during 
consolidation or salvage therapy. 

Treatment Protocols 

Patients with newly diagnosed AML 
received the TAD-9 induction regimen 
according to the first-line trial of the Ger
man AML Cooperative Group [10]. Treat
ment consisted of ara-C 100 mg/m2 per day 
by continuous infusion over 24 h on days 1 
and 2 followed by 30-min infusions of ara-C 
100 mg/m2 q 12 h on days 3-8 together with 
daunorubicin 60 mg/m2 per day on days 3,4, 
and 5, and 6-thioguanine 200 mg/m2 per day 
orally on days 3-9. Patients with relapsed 
AML underwent the sequential HD ara
C-mitoxantrone (S-HAM) protocol [11, 12] 
comprising ara-C at either 1.0 or 3.0 g/m2 q 
12 h on days 1 and 2, and days 8 and 9 
combined with mitoxantrone 10 mg/m2 per 
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day on days 3 and 4, and days 10 and 11. The 
identical regimen was also applied to the 
two patients with acute lymphoblastic leu
kemia and high-grade non-Hodgkin's lym
phoma, respectively. 

Measurements of Ara-C and 
Ara-U Plasma Pharmacokinetics 

Plasma pharmacokinetics of ara-C and ara
V were determined in 30 patients. Blood 
samples were collected in Vacutainers con
taining 30 V heparin and 0.1 mM tetrahy
drouridine (kindly provided by Pfizer Co., 
Karlsruhe). Ara-C and Ara-V plasma levels 
were measured by reverse-phase high-pres
sure liquid chromatography (HPLC) using a 
Spherisorb ODS C18 column (125 x 4.6 
mm, Bischoff) with an isocratic eluent 
consisting of 50 mM phosphate buffer pH 
6.9 with 2 % methanol [l3]. The evaluation 
of measurements was performed using a 
computerized integration of peak areas 
(RAMONA, Nuclear Interphase, Muns
ter). 

Measurements of Intracellular Ara-CTP 
Concentrations 

Measurements of intracellular ara-CTP lev
els were carried out on peripheral blood 
cells of 22 patients. In 13 cases leukemic 
blasts comprised more than 70 % of mono
nuclear blood cells while the remaining 9 
patients revealed a normal composition of 
blood cells without evidence of circulating 
malignant cells. Heparinized blood samples 
were subjected to Ficoll-Hypaque gradient 

separation (density, 1.078 g/ml) at 1000 gfor 
20 min at room temperature. Interphase 
cells were collected, washed, and resus
pended in Hank's balanced salt solution 
(HBSS, Gibco). Ara-CTP measurements 
were performed by an ion-pair HPLC 
method using a reverse-phase C18 column 
as previously described in detail [14]. 

Pharmacokinetic Calculations 

Analysis of pharmacokinetic results was 
based on the TO PFIT program providing an 
optimized adaption of coefficients of varia
tion between the observed and calculated 
respective data [15]. 

Results 

Plasma Ara-C and Ara-U Levels 

Plasma ara-C concentration and area under 
curve (AVC) values are summarized in 
Table 1 and indicate a linear relation 
between the applied ara-C dose and the 
steady state concentration of plasma ara-C 
as well as of the respective (AUC) values. 
For the total tested dose range of 100-3000 
mg/m2 ara-C almost identical results were 
obtained for the plasma half-lives of ara-C 
following an open two-compartment model 
with tlnu of6.0-6.6 min and tlnll of21-51 min 
while the respective values for ara-V were 
calculated according to a one-compartment 
model with tin values of 3.6-4.02 h. For 
both parameters little interpatient variation 
was observed. 

Table 1. Plasma pharmacokinetic parameters of ara-C during conventional (100 mg/m2 - TAD 9) or 
high-dose (1.0 or 3.0 g/m2 - S-HAM) ara-C therapy 

Regimen n Steady state AVC Clearance flf1 ({ tll2/1 
(f!g/ml) (f!g x h/ml) (mllmin) (min) (min) 

TAD-9 
(0.1 g/m2 ara-C) 5 1.43±0.85 2735± 1368 6.0±2.8 21 ± 10.1 

S-HAM 
(1.0 g/m2 ara-C) 17 4.7 + 1.5 14.8±4.7 2352±917 6.6 ± 3.8 51 ± 30.6 

S-HAM 9 13.2 + 3.4 40.0± 10.4 2299±505 6.1±2.9 46±22.1 
(3.0 g/m2 ara-C) 
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Table 2. Intracellular ara-CTP pharmacokinetic parameters during conventional-dose (100 mg/m2 -

TAD 9) therapy in leukemic blasts 

AUC 
(ng h/l(j1 blasts) 

Steady state ara-CTP concentration 
(ng/107 blasts) 

Mean 
Range 

2.14 
1.70-2.10 

2329 
1179-4281 

51 
26-96 

Intracellular Ara-CTP Concentrations in 
Leukemic Blasts 

Measurements of the intracellular ara-CTP 
concentration were performed in peripheral 
leukemic blasts from 13 patients. Five 
patients were treated according to the TAD-
9 protocol and received 100 mg/m2 per day 
ara-C while the remaining eight patients 
were entered on the S-HAM regimen 
receiving two daily 3-h infusions of either 
1.0 (n = 5) or 3.0 g/m2 (n = 3) ara-C. 

Intracellular Ara-CTP Concentrations in 
Leukemic Blasts During 48 h Continuous 

Infusion of 100 mg/m2 per Day Ara-C 
(TAD-9 Protocol). As indicated in Table 2 
and Fig. 1, steady-state concentrations for 
ara-CTP were uniformly reached within 
8-10 h after the start of ara-C therapy and 
differed by less than fourfold between 
individual patients as did the AUC values. 
Little variation was also observed for ara
CTP half-lives with t1/2 values ranging from 
1.70 to 2.50 h. In all cases ara-CTP levels 
declined rapidly after the end of the ara-C 
infusion (Fig. 2). 

Intracellular Ara-CTP Concentrations in 
Leukemic Blasts During 3 h Infusions of 1. 0 

ARA-CTP in ng/10E7 leukemic blasts 
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Fig. 1. Concentration of ara-CTP in leukemic blasts during 48-h continuous infusion of 100 mg/m2 per 
day ara-C (TAD-9 protocol) 
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ARA-CTP in ng/10E7 leukemic blasts 
,-------------------------------------------------------------, 
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Fig. 2. Concentration of ara-CTP in leukemic blasts during 3-h infusion of 1.0 or 3.0 g/m2 ara-C 
(S-HAM protocol) 

or 3.0 g/m2 Ara-C (S-HAM Protocol). Table 
3 and Fig. 2 depict the respective detailed 
results and show a rapid increase in intra
cellular ara-CTP concentration within the 
first 15-30 min after the start of the ara-C 
infusion. Peak ara-CTP levels ranged from 
200 to 1451 ng/107 leukemic blasts with 
AUC values between 1116 and 8795 ng x 
h/107 blasts differed substantially between 
individual patients ranging from 1.60 to 
7.63 h. In addition, in seven of the eight 
patients ara-CTP levels did not drop at the 
end of the ara-C infusion but remained 
unchanged or even increased up to 1.5-fold 

within 1-2.5 h after the ara-C application 
(Fig. 2). 

Intracellular Ara-CTP Concentrations in 
Normal Mononuclear Cells During 3-h 
Infusions of 1.0 or 3.0 g/m2 Ara-C (S-HAM 
Protocol). Ara-CTP concentrations were 
measured in normal mononuclear cells 
from nine patients without circulating leu
kemic blasts undergoing S-HAM therapy as 
outlined before. Similar to the findings in 
leukemic blasts, a rapid increase in intracel
lular ara-CTP concentration was found aft
er the start of therapy. Peak ara-CTP levels 
ranged from 89 to 747 ng/lQ7 mononuclear 

Table 3. Intracellular ara-CTP pharmacokinetic parameters during high-dose (1.0 or 3.0 g/m2 -
S-HAM) ara-C therapy in leukemic blasts 

Mean 
Range 
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(If2 (h) 

2.97 
1.61-7.63 

AUC 
(ng x h/107 blasts) 

4330 
1116-8795 

Ara-CTP peak concentration 
(ng/1Q7 blasts) 

718 
200-1451 



ARA-CTP in ng/10E7 normal cells 

1000 

100 

Ara-C infusion 

10~--~--~--~--~------~--~--~--~--~~--~~ 

o 
start 

1 2 3 4 
stop 

5 6 7 8 9 10 11 12 

time in hour 
Fig. 3. Concentration of ara-CfP in normal mononuclear cells during 3-h infusion of 1.0 or 3.0 g/m2 
ara-C (S-HAM protocol) 

cells with AVC values between 599 and 
4843 ng x h/107 cells. In contrast to leu
kemic blasts, little interpatient variation 
was observed in ara-CfP retention times 
with tin ranging from 3.34 to 4.65 h. Most 
remarkably, however, intracellular ara-CfP 
levels dropped immediately after the end of 
the ara-C infusion in all analyzed cases (Fig. 
3). 

Discussion 

The present study supports the approach of 
a pharmacokinetically directed ara-C ther
apy but, in addition, reveals differences in 
ara-C pharmacokinetics between leukemic 
blasts and normal blood cells. These find
ings may translate into an optimized sched
uling of ara-C therapy with the aim of 
increasing its antileukemic activity without 
enhancing the cytotoxic effect on normal 
cells. The comparative analysis of ara-CTP 
pharmacokinetics in leukemic blasts and 
normal mononuclear cells during high-dose 
ara-C therapy indicates a substantial inter-

patient vanatIOn in ara-CfP retention 
times in leukemic blasts but not in normal 
mononuclear cells. More importantly, a 
uniform immediate decline in ara-CfP lev
els was observed in normal cells after the 
end of ara-C therapy while ara-CTP levels 
remained unchanged or even increased in 
the leukemic blasts of seven of eight 
patients during a post-treatment period of 
1-2.5 h. 

The latter finding has previously been 
reported by Plunkett and coworkers already 
and was thought to result from a sustained 
plasma ara-C concentration above 7-10 
flmoVl, which is sufficient for a complete 
saturation of the ara-C-phosphorylating 
enzyme deoxycytidine kinase [16, 17]. This 
hypothesis, however, does not explain the 
differences in ara-CfP pharmacokinetics 
between normal and leukemic cells and is 
challenged by the rapid decline in ara-C 
plasma concentration as revealed by the 
respective concomitant measurements dur
ing the present investigation. 

Hence, the observed findings most prob
ably point to a prolonged availability of 
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incompletely phosphorylated ara-C metab
olites such as mono- or diphosphates which 
could result from differences in the activity 
of the deoxycytidine kinase complex 
between leukemic and normal cells and/or 
differences of deoxycytidine triphosphate 
concentrations. This assumption is sup
ported by recent reports about the selective 
protection of normal hematopoietic cells 
from ara-C cytotoxicity by the coadminis
tration of deoxycytidine [18] and the prefer
ential outgrowth of normal hematopoietic 
precursor cells in suspension cultures after 
simultaneous exposure to ara-C and deoxy
cytidine [9]. Further studies are warranted 
to substantiate this hypothesis by the deter
mination of ara-C mono- and diphosphate 
concentrations as well as of the activity of 
the pyrimidine nucleoside monophosphate 
and diphosphate kinases. 

Independent of the underlying mecha
nism, the differences in ara-CTP between 
normal and leukemic cells may provide the 
basis for an optimized scheduling of ara-C 
therapy resulting in an increase of antileu
kemic activity without a concomitant 
enhancement of side effects and thus an 
improvement of the therapeutic index for 
ara-C. Further studies are underway to 
substantiate these findings and to elucidate 
its underlying mechanisms. 

Summary 

Pharmacokinetic analyses of intracellular 
cytosine arabinoside 5' triphosphate (ara
CTP) levels and plasma ara-C and ara-U 
concentrations were performed in 32 
patients with acute myeloid leukemia 
undergoing combination therapy including 
either standard (100 mg/m2 per day) or 
high-dose (1.0 or 3.0 g/m2) ara-C. Plasma 
ara-C concentration showed a linear depen
dency from the applied ara-C dose but did 
not correlate with intracellular ara-CTP 
levels. 

During conventional-dose ara-C therapy 
little interpatient variation was observed in 
ara-CTP retention times in leukemic blasts 
from five patients with tl(2 values ranging 
from 1.70 to 2.50 h. In all cases ara-CTP 
levels declined rapidly after the end of 
treatment. Substantial differences in ara-
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CTP retention times were revealed, howev
er, during 3-h infusions of either 1.0 or 3.0 
g/m2 ara-C in leukemic blasts from eight 
patients with tl(2 values between 1.60 and 
7.63 h. In addition, seven of the eight 
patients showed unchanged or even increas
ing ara-CTP levels for up to 2.5 h after the 
end of therapy. In contrast, ara-CTP reten
tion times were relatively uniform in normal 
mononuclear blood cells from nine patients 
with tl(2 values of 3.34-4.65 h. More impor
tantly, ara-CTP levels dropped immediately 
after the high-dose ara-C infusion in aJI 
cases. These data strongly suggest differ
ences in the intracellular pharmacokinetics 
of ara-C in leukemic and normal blood cells 
which may be used for the design of a more 
selective antileukemic ara-C application. 
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Therapy of Relapsed Acute Myeloid Leukemia Using Targeted 
Plasma Concentrations of Cytosine Arabinoside and Etoposide* 

1. Mirro, Jr., W. Crom, 1. Belt, and M. Schell 

Introdnction 

While the outcome for children with acute 
lymphocytic leukemia (ALL) has improved 
as a result of increased dose intensity, the 
same improvement has not occurred in 
acute myeloid leukemia (AML). Although 
approximately 8S % of children with AML 
achieve a complete remission (CR), the 
majority ultimately relapse and die of their 
disease [l-S]. Although bone marrow 
transplant (BMT) offers better disease con
trol, patient selection and the timing of 
transplantation remains controversial 
[6-8]. Furthermore, because of the risk of 
early death and the development of graft
versus-host disease, clinical trials have not 
clearly demonstrated that BMT is the treat
ment of choice for AML in the first CR 
[9]. 

The major therapeutic problem in AML 
is effectively eliminating the residual leu
kemic cells after patients achieve a CR [S]. 
Explanations for treatment failure include: 
(1) the primary transforming event occurs 
in a hematopoietic stem cell; (2) the clono
geneic leukemic cells fail to enter the cell 
cycle, thus precluding the cytotoxic effects 
of S-phase-specific drugs; or (3) the devel-
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Biostatistics, St. Jude Children's Research Hos
pital, PO Box 318, Memphis, 38101-0318, 
USA 
* Supported in part by USPHS grant CA-20180, 
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opment of multidrug resistance, either clas
sical or atypical in nature. Other possible 
hypotheses for treatment failure are insuffi
cient exposure of leukemic cells to the 
active drug or inadequate conversion of the 
drug to its active metabolite within the cell 
[10,11]. This study addresses the possibility 
that inadequate exposure of leukemic cells 
to the drug is responsible for treatment 
failure [12-14]. We reasoned that patients 
with rapid drug metabolism would have low 
plasma concentrations, a low systemic 
exposure, and therefore might fail therapy 
based on limited exposure of leukemic cells 
to the active agents [lS, 16]. Alternatively, 
patients that are slow drug metabolizers 
may have high plasma concentrations and 
develop toxicity [13].We therefore designed 
this protocol to increase the dose intensity 
of cytosine arabinoside (ara-C) and etopo
side (VP-16) and reduce the interpatient 
variability. 

In this protocol we targeted ara-C to a 
l-/lM steady-state plasma concentration 
(Cpss) and VP-16 to a 30 f.!M steady-state 
plasma concentration. The rationale for 
selecting an ara-C Cpss of 1 f.!M was prelim
inary data suggesting that adequate levels 
of intracellular cytosine arabinoside tri
phosphate (ara-CTP) would be achieved at 
this extracellular concentration [10, lS]. We 
chose to administer the ara-C as a contin
uous infusion of 120 h since it is S-phase 
active. The administration of ara-C by con
tinuous infusion also permitted better con
trol of the plasma concentration. 

We chose a 30f.,lM plasma concentration 
for VP-16 based on therapeutic effects in an 
earlier front-line trial [S]. In that trial VP-16 



concentrations of 12-15 flM were effective 
and nontoxic. A 96 h continuous infusion 
was selected because this drug is also S
phase active and a continuous infusion 
permitted easy control of the VP-16 plasma 
concentration [17]. 

Materials and Methods 

The protocol consisted of two cycles of 
therapy (Fig. 1). In cycle 1, ara-C was 
administered as a continuous subcutaneous 
infusion for 120 h at a starting dose of 500 
mg/m2 per 24 h. Plasma concentrations 
were measured by HPLC at 1 and 6 h, and 
the dose was adjusted within 12 h to achieve 
a Cpss of 1 flM. The maximum dose of ara-C 
permitted on this protocol to limit toxicity 
was 750 mg/m2 per 24 h. Twenty-four hours 
after the start of the ara-C in cycle 1, VP-16 
was added. The VP-16 was administered as a 
continuous intravenous infusion for 96 h. To 
rapidly achieve the preselected plasma 
steady-state concentration of 30 flM, a 
loading dose of 70 mg/m2 over 1 h was 
administered. The initial VP-16 infusion 
rate was 500 mg/m2 per 24 h and within 12 h 
the VP-16 infusion was adjusted to achieve a 
30flM plasma concentration (based on the 
levels at 1 and 6 h). Since this was a novel 
treatment approach, the maximum dose of 
VP-16 permitted was 750 mg/m2 per 24 h. 

Fig. 1. Protocol therapy 
schema: Cycle 1 consisted 
of a continuous subcuta- Cycle 1 
neous infusion of ara-C for 
120 h with the infusion rate 
adjusted to achieve a 1 [!M 
plasma concentration. Ex-
actly 24 h after starting ther- Cycle 2* 
apy,VP-16 was administered 
for 96 h by continuous 
intravenous infusion to 
acheive a plasma concentra-
tion of 30 [!M. The ara-C 
and VP-16 were adminis-
tered simultaneously for 96 
h and the infusions were 

i 

o 

All children had a bone marrow aspirate 
performed on day 10 to evaluate the res
ponse to cycle 1. 

When toxicity resolved the patients were 
reevaluated; if they had progressive disease 
they were given cycle 2 immediately (20-35 
days after cycle 1). If they had evidence of 
marrow recovery, cycle 2 was delayed and 
administered when they achieved a com
plete remission. Cycle 2 of this protocol 
consisted of a 120 h continuous infusion of 
ara-C at 1 flM plasma concentration with 
daunorubicin, 50 mg/m2 per dose, given as a 
bolus on days 1 and 2 (Fig. 1). 

All patients enrolled in this trial previous
ly received intensive therapy with VP-16, 
ara-C, and daunorubicin but at lower doses. 
This trial was approved by the St. Jude 
Children's Research Hospital Clinical Trials 
Committee and all patients or parents gave 
informed consent as appropriate. 

A diagnosis of AML was made by stan
dard French-American-British (FAB) cri
teria based on morphology and cytochemi
cal stains. Responses were evaluated by 
standard criteria. A complete response was 
defined as a cellular marrow aspirate with 
less than 5 % blasts and no identifiable 
leukemic cells, normal hematopoiesis, and 
normal performance status for> 1 month. 
All toxicity was evaluated and graded by the 
National Cancer Institute Common Toxicity 
Criteria. 

i Daunorubicin (50 mg/m2/dose) 

24 46 72 96 120 

stopped at the same time. 
Cycle 2 consisted of contin

·start cycle 2; 25 to 35 days after cycle #1 Times (hours) 

uous infusion of ara-C at a l[!M plasma concentration and two doses of daunorubicin. Cycle 2 was 
delayed until patients recovered from toxicity and achieved a CR or had progressive disease. 
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Results 

There were 10 boys and 13 girls with a 
median age of 6.8 years (range, 1.0-16 
years) enrolled on this trial. Twenty patients 
were in their first hematologic relapse, 
while three patients were in their second or 
subsequent hematologic relapse. Almost 
80 % of the children (18 of 23) were receiv
ing chemotherapy at the time they relapsed; 
one patient had undergone a bone marrow 
transplant and four were off treatment 
(Table 1). At the time of entry the median· 

Table 1. Patient characteristics 

Number of patients 
Sex M:F 
Median age (years) 

First hematologic relapse 
Relapse while 
receiving therapy 
Median leukocyte count 
(xl09/1) 
CNS positive 
Auer bodies 
FAB class 

Ml + M2 
M3 
M4+ M5 

23 
10:13 
6.8 (range. 
0.1-16 years) 
20 

18 
6.0 (range. 
1.0-301) 
3 (13 %) 
7 (30%) 

9 (39%) 
1 (4%) 
13 (57%) 

Table 3. Toxicity of targeted therapy 

Cycle 1 (n=23) 
Toxicity grade 

leukocyte count was 6.0 x 109/1 (range, 
1-301 x 109/1). Most patients (57 %) had 
FAB M4 or M5 leukemia (Table 1). 

Twenty-three patients received cycle 1 of 
therapy. The initial ara-C dose was 500 
mg/m2 per 24 h, but in most patients the 
dose was increased to a median of 550 
mg/m2 per 24 h (range, 412-750 mg/m2 per 
24 h) (Table 2). The VP-16 dose was also 
started at 500 mg/m2 per 24 h and in most 
patients the infusion rate was increased to a 
median of 600 mg/m2 per 24 h (range, 
350-750 mg/m2 per 24 h). 

Table 2. Dose of drug administered to achieve 
selected plasma concentrations 

Drug Cycle daily dose (mg/m2) 

Ara-C 1 
VP-16 1 

Ara-C 2 

Median Range 

550 
600 

600 

412-750 
350-750 

350-759 

The toxicity from cycle 1 was severe 
(Table 3). One patient died of sepsis and 
nine children developed documented infec
tions. All 23 patients had leukocyte counts 
of < 1.0 x 109/1 and platelet counts of <20 x 

Cycle 2 (n=16) 
Toxicity grade 

Toxicity/grade 0 lor 2 3 or 4 0 lor 2 3or4 

Hematopoietic 
Leukocyte count 0 0 23 0 0 16 
Platelet count 0 0 23 0 0 16 

GI 
Mucositis 0 4 19 6 7 3 
Diarrhea 13 9 1 14 2 0 

Hepatotoxicity 7 9 7 7 5 4 

Skin 6 13 4 12 2 2 

Infections' 14 0 9 9 0 7 

• One Patient died of Escherichia coli sepsis during cycle 

288 



109/1. Mucositis was also a major problem, 
with 19 of the 23 patients developing severe 
mucositis beginning on day 7 and resolving 
by approximately day 18. Hepatotoxicity 
was mild and manageable. Skin toxicity did 
occur on cycle 1 with the combination of 
ara-C and VP-16 and was generally diffuse 
erythema (Table 3). 

Despite the severe toxicity, nine patients 
achieved a complete remission with cycle 1 
alone. Two of these patients were then 
referred for bone marrow transplantation. 

Sixteen patients then received cycle 2 of 
therapy. Six of these 16 had already 
achieved a complete remission while 10 had 
residual disease. The toxicity of cycle 2 
(Table 3) was similar to cycle 1. Grade 4 
hematopoietic toxicity developed in all the 
patients, and the incidence of infection was 
similar to cycle 1. Cycle 2 resulted in 
significantly less mucositis and skin erythe
ma and possibly less hepatotoxicity. The 
median dose of ara-C administered during 
cycle 2 was 600 mg/m2 per 24 h (range, 
350-750 mg/m2 per 24 h). Of the ten 
patients with residual disease that entered 
cycle 2, three additional patients achieved a 
complete remission. One of these patients 
was subsequently referred for transplanta
tion. 

The overall response rate was 52 % (12 
complete responders out of 23 patients). 
This CR rate is encouraging particulary 
since all these patients had received all 
three had agents previously, and most (18 
children) had relapsed on therapy. The 
duration of complete response was also 
encouraging with a median CR of 4.9 
months with a range of 1.8-8.2 months. 

Discussion 

This protocol was designed to determine if 
it was feasible to target plasma concentra
tions and standardize the total systemic 
exposure for ara-C and VP-16 in children. 
Additionally, the total doses of ara-C and 
VP-16 administered to these patients were 
significantly higher than generally adminis
tered during standard induction therapy. 
Although the doses were increased approx
imately two- to threefold, total systemic 
exposure was increased to a much greater 

extent (two- to tenfold). This approach 
yielded a higher and more uniform total 
drug exposure for all patients. This higher 
total exposure resulted in severe but pre
dictable toxicity. Since all patients had 
received ara-C and VP-16 previously, the 
results in this relapse trial were encourag
ing. The results suggest that this combina
tion is worthy of an upfront trial in pre
viously untreated patients. The toxicity, 
however, suggests that the total systemic 
exposure should be decreased slightly. 

This protocol was not designed to 
demonstrate a dose response relationship. 
The small number of patients does not 
permit meaningful statistical analysis be
tween response to the initial AML induc
tion therapy which included ara-C and 
VP-16 at lower doses and this therapy which 
was used at relapse. 

Recent evidence suggests that the simul
taneous administration of ara-C and VP-16 
might decrease the therapeutic eff~cts of 
each agent [18]. We did not study the 
cellular biochemical effects of these drugs 
on leukemic blasts in this protocol. Pharma
cokinetic studies, however, did demon
strate that there was no change in Cpss of 
ara-C when VP-16 was administered. 

This novel approach to individualizing 
antileukemic therapy is being used on our 
current front-line trial. On that trial with 
the Cpss of ara-C and VP-16 adjusted, the 
cellular pharmacology of ara-CTP and VP-
16 is being studied to determine if they can 
predict initial response. This approach of 
targeting plasma steady-state concentra
tions and thereby the total systemic expo
sure is closer to defining an exact dose
intensity and should be considered for use 
in more clinical trials. 

Summary 

The plasma concentration of many antileu
kemic agents is highly variable when these 
drugs are administered at a dose per body 
surface area (mg/m2). Since efficacy may be 
related to the total systemic exposure, we 
reduced interpatient variability in systemic 
exposure by adjusting the dose of cytosine 
arabinoside (ara-C) and etoposide (VP-16) 
administered to achieve a preselected 
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steady-state plasma concentration (Cpss). 
Twenty-three children with acute myeloid 
leukemia (AML) in hematologic relapse 
were treated with ara-C at a Cpss of 1 f!M for 
120 hand VP-16 at a Cpss of 30 f!M for 96 h 
(cycle 1). After patients recovered from 
toxicity (generally 20-35 days) they 
received a second cycle of therapy with 
ara-C at a 1f!M Cpss x 120 h plus two doses 
of daunorubicin (50 mg/m2 per dose). 

Using a continuous infusion of these 
agents and a rapid high-performance liquid 
chromatography (HPLC) assay we were 
able to achieve the preselected levels within 
12 h in most patients. The median dose of 
ara-C administered to achieve a 1f!M plas
ma concentration was 550 mg/m2 per 24 h 
(range, 412-750 mg/m2 per 24 h) in cycle 1 
and 600 mg/m2 per 24 h (range, 350-750 
mg/m2 per 24 h) in cycle 2. The median dose 
of VP-16 administered to achieve the pre
selected Cpss of 30 f!M was 600 mg/m2 per 24 
h (range, 350-750 mg/m2 per 24 h). Some 
patients did not achieve the preselected 
Cpss because the protocol limited the max
imum dose of ara-C and VP-16 to 750 mg/m2 
per 24 h. All children developed severe 
hematopoietic toxicity and 40 % developed 
documented infections. Mucositis was se
vere (grade 3 or 4) in 19 children (82 %) 
during cycle 1 but occurred in only 3 of 16 
children during cycle 2. Despite the fact that 
all children received these agents previous
ly, 12 children (52 %) achieved a complete 
remission (CR); with 9 of the 12 patients 
achieving a CR doing so after only cycle l. 
These results indicate that administration 
of drugs at a preselected plasma concentra
tion is possible and might be effective in 
previously untreated patients. 
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Pharmacokinetics of High-Dose Etoposide Given in Diluted or 
Undiluted Form 

G. Ehninger, P. Waidelich, B. Proksch, B. Eichel, H. Schmidt, C. Faul, U. Schuler, 
T. R. Spitzer, and 1. Deeg 

Introdnction 

The probability of relapse after allogeneic 
bone marrow transplantation is as high as 
30 % in standard risk patients. Investiga
tors have attempted to improve these 
results by combining total body irradiation 
(TBI) and etoposide [1-3]. However, the 
use of etoposide requires time-consuming 
dilution steps resulting in large fluid 
volumes that need to be administered. It 
was noted recently that the stability of 
etoposide in saline 0.9 % and dextrose 5 % 
is much greater than previously thought [4]. 
Lazarus et al. [5,6] suggested administering 
etoposide without prior dilution. However, 
it is not clear whether administration in 
undiluted form alters bioavailability. There
fore, we conducted the present study to 
compare the pharmacokinetics of etoposide 
given as diluted or undiluted solution. 

Patients and Methods 

Fifteen patients with a high risk of relapse 
after allogeneic bone marrow transplanta
tion were included in the clinicopharmaco
logical study. Eight of them received etopo
side at a dose of 30 mg/kg without prior 
dilution; in seven etoposide at various doses 
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was diluted in sodium chloride 0.9 % for a 
final concentration of 1 mg/ml and infused 
at a rate of 500 ml/h as previously described 
[7]. The undiluted etoposide solution was 
administered by use of a perfusor (Secura 
FT; Braun, Melsungen, FRG) equipped 
with a 50-ml syringe made of polypropylene 
(Braun, Melsungen, No. 87288110), an infu
sion line made of polyvinylchloride (Braun, 
Melsungen, No. 872296/0), and a dual- or 
triple-lumen central venous catheter (Quin
ton, Seattle , United States). The equipment 
was prefilled with etoposide solution; rins
ing with other fluids was avoided. 

Sample Treatment. Heparinized blood 
samples were collected from patients before 
treatment, at 4, 8, and 12 h during infusion, 
and 4, 8, 12, and 36 h following completion 
of the infusion. Plasma was removed after 
centrifugation for 10 min and immediately 
assayed or stored at -20°C until use. 

Determination of Etoposide by HPLC. 
Particularly for high-dose pharmacokinetic 
investigations a simple and rapid high
performance liquid chromatographic 
(HPLC) assay was developed, which 
allowed the determination of etoposide in 
plasma up to 48 h after the start of infu
SIOn. 

Extraction and Analysis. In a 1.5-ml 
microcentrifuge tube, 300 III plasma was 
mixed with an equal volume of acetonitrile, 
vortexed, and frozen at - 20°C to achieve a 
better deproteinization. After thawing the 
sample was centrifuged for 5 min in a 
microcentrifuge at 12000 g. Twenty micro
liters of the supernatant was injected onto a 
HPLC system. Separation of etoposide was 
achieved isocratically using a Hypersil-Phe-



nyl column (10 [!m, 250 x 4 mm, Shandon), 
a mobile phase of water/methanol (50/50, 
v/v) containing 5 mM tetrabutylammonium 
phosphate, and a flow rate of 1 mllmin. 
Etoposide was detected at 254 nm (UV). 

Quantitation, Calibration, Recovery, and 
Precision. Determination at 254 nm has 
shown sufficient sensitivity for the measure
ment of etoposide after high-dose adminis
tration. The external standard method was 
used for quantitation by plotting the peak 
area against known concentrations of stan
dards. Pharmacokinetic data were calcu
lated by use of the TOPFIT program [8]. 
Area under curve (AUe) values were cal
culated by use of the trapezoidal rule. 

Results 

The results are summarized in Tables 1 and 
2. Plasma concentrations at the end of a 
12-h infusion of eight patients receiving 
undiluted etoposide were between 32.4 and 
108.1 [!g/ml. AUe values of 764 ± 302 [!g 
h/ml [= 41.8 ± 18.4 ([!g min/ml)/(mg/m2)] 
for etoposide were calculated. The results in 
patients receiving etoposide with prior dilu
tion are given in Table 2. AUe values of 862 
± 354 [!g h/ml [= 29.8 ± 8.2 ([!g 
min/ml)/(mg/m2)] for etoposide were calcu
lated. 

Table 1. Pharmacokinetic parameters of undiluted etoposide given as 12-h infusion 

Patient Dose Peak Half-life AUC AUC/dose Clearance VD 
(mg/kg) ([!g/m!) Terminal (h) ([!g hIm!) ([!g hlml)! (ml/min) (I) 

(mg/kg) 

1 30 48.4 2.9 525 17.5 63.8 16.0 
2 30 41.4 2.8 644 21.5 59.3 13.2 
3 30 108.1 4.0 1405 46.8 22.5 3.5 
4 30 50.2 3.7 722 24.1 55.9 18.1 
5 30 32.4 529 17.6 78.5 37.3 
6 30 46.8 2.3 543 18.1 33.8 6.5 
7 30 77.8 4.5 1116 37.2 28.9 11.2 
8 30 42.7 13.6 626 20.9 53.6 17.6 

Mean 56.0 4.8 764 25 49.5 15.4 
Std 23.2 3.6 302 10 18.0 9.6 

AUC, area under curve; VD, volume of distribution; Std, standard deviation 

Table 2. Pharmacokinetic parameters of diluted etoposide 

Patient Dose Infusion Peak Half-life AUC AUC/dose Clearance VD 
(mg/kg) time (h) ([!g/m!) terminal (h) ([!g h/ml) ([!g h/ml)! (ml/min) (I) 

(mg/kg) 

1 23 7.25 53.7 2.6 414 18.2 117.6 26.8 
2 30 4.16 174 15.4 566 18.9 20.1 5 
3 65 10.85 112 4 1344 20.7 48.6 12.6 
4 65 13 110 4.7 1064 16.4 54.8 22.3 
5 65 8.38 110.8 3.7 1141 17.6 44.5 14.1 
6 65 11.2 76.6 4.6 1080 16.6 71.5 21.5 
7 30 4.75 63.2 3.4 428 14.3 66.9 13.1 

Mean 5.5 862 17.5 60.6 16.5 
SD 4.1 354 1.9 28.0 6.9 

AUC, area under curve; VD, volume of distribution 
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Discussion 

This study confirms that etoposide can be 
administered in undiluted form via a central 
venous catheter. Systemic availability of 
etoposide was as good as in patients who 
received diluted etoposide. The AUC 
values per dose were somewhat higher in 
patients receiving undiluted etoposide. 
Since the numbers of patients were small, it 
is possible that differences were due to 
interpatient variability. Comparing both 
drug formulations in a single patient on 
consecutive days might help to clarify this 
issue. In two other pharmacokinetic studies 
[9, 10] utilizing etoposide diluted in normal 
saline at doses of 30-70 mg/kg or 400-800 
mg/m2 for three consecutive days the AUC 
values were reported to be 36.9 ([lg 
min/ml)/(mg/m2) and 39.4 ([lg min/ml)/ 
(mg/m2), respectively. Our result of 41.8 ± 
18.4 ([lg min/ml)/(mg/m2) in patients with 
undiluted etoposide is in good agreement 
with those. The administration of undiluted 
etoposide renders the therapy easier and 
less time consuming and avoids a high 
volume and saline load. Precipitations of 
etoposide were never detected if the infu
sion system was primed with etoposide 
solution and rinsing with other fluids was 
avoided. In addition to safety and practica
bility considerations, new schedules, which 
are attractive against the background of a 
schedule-dependent activity [11] of etopo
side, will be more easily studied with this 
approach. 
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Clinical Implications of Idarubicin Pharmacology* 

E. Berman, M. McBride, and B. Clarkson 

Introduction 

4-Demethoxydaunorubicin (idarubicin, 
IDR) is a new anthracycline that differs 
from its parent compound daunorubicin 
(DNR) by the deletion of a methoxy group 
at position 4 of the chromophore ring. This 
minor modification results in a compound 
that has a higher lipophilic coefficient and 
therefore more rapid cellular uptake [1]; in 
addition, IDR induces more single-strand 
breaks in tumor cells [2]. While both DNR 
and IDR are converted to alcohol metaboli
tes, daunorubicin-ol (DNR-ol) and idarubi
cin-ol (IDR-ol), respectively, DNR-ol dis
appears from the plasma by hour 192 after 
three consecutive daily intravenous boluses 
while IDR-ol has a more prolonged plasma 
half-life with steady state levels measurable 
up to 216 h after the third bolus injection 
[3]. 

The cytotoxic activities of IDR and IDR-
01 have been compared to that of DNR and 
another anthracycline epirubicin, and their 
respective metabolites in the leukemia cell 
lines K-562 and CCRF-CEM by Kuffel et al. 
[4]. IDR was three to five times more 
cytotoxic than the other parent anthracy
clines and IDR-ol was 29- to 103-fold more 
cytotoxic than the other alcohol deriva
tives. 
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In order to determine whether these 
differences had significant clinical rele
vance, multiple centers in the United States 
and Europe designed prospective random
ized trials comparing IDR and cytosine 
arabinoside (ara-C) with DNR and ara-C in 
adult patients with untreated acute myelo
genous leukemia (AML) [5-7]. Results 
from three such trials in the United States 
are given in Table 1. It is important to note 
that the maximum age in the Memorial 
Sloan Kettering Cancer Center trial was 60 
years while the other two trials had no age 
limit. In all three trials, however, patients 
on the IDR/ara-C arm had a higher inci
dence of remission. 

Analysis of the Memorial data yielded 
two important features [5]. First, more than 
twice as many patients failed to achieve 
remission on the DNR/ara-C arm (n = 25) 
compared to the IDR/ara-C arm (n = 12). 
Twenty-one of the 25 (84 % ) patients on the 
DNR/ara-C arm had persistent blasts after 2 
induction courses compared to 8 of 12 
patients on the IDR/ara-C arm (67 %) [5]. 
Second, patients on the IDR/ara-C arm had 
a probability of response approximating 
80 % regardless of the initial white blood 
cell (WBe) count; while on the DNR/ara-C 
arm the incidence of response declined as 
the WBC increased [5]. 

These findings led us to compare the 
cellular uptake and retention characteris
tics of IDR and DNR in an anthracycline
resistant lymphoblastic leukemia cell line 
CEM-VBL. This particular cell line has 
been previously demonstrated to contain 
within its plasma membrane the ~ 170-kd 
glycoprotein pump (P-glycoprotein, Pgp) 
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Table 1. Clinical trials: IDR vs. DNR 

Study Age (years) IDR/ara-C DNR/ara-C p value 

MSKCCa 
Berman et al. [5] 
SEGb 
Vogler et al. [6] 
Multicenter 
Wiernik et al. [7] 

18-60 

>18 
<60 
>111 
:S60 

48/60(80%) 

29/39(74 %) 
16/20(110%) 
34/51(67 %) 
311311(1115) 

35/60(58 %) 

26/46(57 %) 
14/22(64 %) 
27/51(53 %) 
24/37(65 %) 

.005 

.09 
NS 
NS 
<.1 

a IDR 12 mg/m2: ara-C 200 mg/m2 CI x 5 days: DNR 50 mg/m2 
b IDR 12 mg/m2: ara-C 100 mg/m2 CI x 7 days: DNR 45 mg/m2 
c IDR 13 mg/m2 : ara-C 100 mg/m2 CI x 7 days: DNR 45 mg/m2 

that is responsible for the phenomenon of 
multidrug resistance (MDR) [8, 9]. The 
results of these preliminary studies suggest 
that IDR may not efflux from these cells in 
the same manner as DNR. 

Materials and Methods 

Cell Lines 

The parent cell line CEM and its MDR
resistant subline were kept in the RPMI 
1640 (Gibco) Laboratories, Grand Island, 
New York, supplemented with 10 % 
(vol/vol) heat-inactivated fetal calf serum 
(FCS; Hyclone, Salt Lake City, Utah) and 
1 % L-glutamine (Gibco) and incubated at 
37°C with 5 % COz and 95 % humidified 
air. 

Drugs 

Verapamil has been shown to block Pgp by 
directly binding to Pgp [9]. Verapamil was 
obtained from Knoll Pharmaceuticals 
(Whippany, NJ), and was dissolved in ster
ile NaCl with 1.5 % dimethylsulfoxide 
(DMSO) before each experiment (final 
concentration, 0.008 %). The concentration 
of verapamil used in each of the experi
ments was 10 ltM. Solutions containing 
verapamil were protected from light at all 
times by tinfoil wrapping. DNR and IDR 
wwere purchased from Adria Laboratories 
(Dublin, OH), dissolved in sterile water, 
and diluted with 10 % fetal calf serum 
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(FCS) before each experiment. The final 
concentration of each anthracycline was 1 
ltg/mi. 

Flow Cytometry 

For determination of flow cytometric intra
cellular concentrations, a FACScan (Becton 
Dickinson, Mountain View, CA) equipped 
with an argon ion laser using a 488-nm line 
operating at 15 mW was used. Light was 
collected through a 585/42-nm filter in the 
DNR experiments and through a 545/20-nm 
filter in the IDR experiments. 

Cell Uptake and Retention Studies 

Cells were incubated at a concentration of 
2 x 106 cells/ml and were exposed to DNR 
1 ltg/ml alone, IDR I ltg/ml alone, or with 
combinations of the test drugs. At times 1, 
5, 30, 45, and 60 min cells were washed 
twice in ice-cold phosphate-buffered saline 
(PBS) without CN+ or Mgz+ (GIBCO) and 
resuspended in 0.5 ml ice-cold PBS with 
5 % FCS. IDR and DNR fluorescence was 
immediately measured using the FAC
Scan. 

Drug retention experiments were per
formed separately. Cells were incubated 
first with DNR I ltg/ml, IDR I ltg/ml, or the 
combination of anthracycline and test drug 
for 1 h. Samples were then washed twice in 
ice-cold medium and resuspended in 37°C 
in fresh medium containing the specific 
parameter. Either IDR or DNR fluores-



cence was measured at time 0,5, 15,30,60, 
and 120 min using the same FACScan as in 
the uptake experiments. 

Results 

Rate of Anthracycline Uptake 

Cells were incubated with either anthracy
cline alone at a concentration of 1 (lg or 
anthracycline plus verapamil 10 (lM. The 
fluorescent signals at the specific time 
points measured in the uptake experiments 
are given in Table 2. As can be seen, the rate 
of lOR intracellular uptake during the 
initial 10 min of incubation was nearly ten 
times more rapid than the rate of uptake for 
DNR (97/10 vs. 9/10). 

Effect of Verapamil on DNR and [DR 
Uptake in CEM- VEL Cells 

The difference in fluorescence at 60 min 
between cells incubated with DNR alone 
and cells incubated with DNR and vera
pamil is approximately fourfold (130: 32), 
while the difference in signal between cells 
incubated with lOR alone and lOR plus 
verapamil was approximately 1.3-fold 
(293: 233). 

Effect of Verapamil on DNR 
and [DR Retention in CEM- VEL Cells 

Cells were then incubated in either anthra
cycline alone at a concentration of 1 (lg or 
anthracycline plus verapamil10 (lM. After a 
I-h incubation, cells were washed and resus
pended in either fresh medium or medium 

containing verapamil 10 (lM. The fluores
cent signals at the specified time points are 
outlined in Table 3. Approximately 73 % of 
the lOR signal remained in the cell com
pared to 39 % of the DNR signal (47/66 vs. 
6/16). There was an approximate fivefold 
increase in DNR signal after cells were 
exposed to DNR plus verapamil and resus
pended in fresh medium containing vera
pamil compared to a 2.6-fold increase in 
lOR signal after cells were exposed to lOR 
plus verapamil and resuspended in fresh 
medium containing verapamil (121147 vs. 
30/6). 

Discussion 

When prospectively compared to DNR in 
the clinical setting, lOR has been shown to 
induce remission in a greater percentage of 
adult patients with de novo AML [5-7]. In 
at least one study, the number of patients 
who had disease refractory to two courses 
of IDR/ara-C was significantly less than the 
number of patients refractory to two 
courses of DNR/ara-C [5]. While this may 
reflect the pharmacologic properties of 
both the parent drug and its biologically 
active metabolite IDR-ol, it is also possible 
that lOR exerts a different uptake pattern 
in drug-resistant cells. 

Results of these preliminary experiments 
suggest that leukemia cells expressing the 
MDR phenotype accumulate lOR more 
rapidly than DNR. In addition, when vera
pamil is added to the medium, time-depen
dent accumulation of lOR is minimally 
increased from baseline values obtained 
when cells are incubated with lOR alone 
(Table 2). This is in marked contrast to cells 
simultaneously incubated with DNR plus 

Table 2. Uptake of IDR and DNR in CEM-VBL cells incubated with or without verapamil 

Fluorescence measured at time (min) 
Parameter 5 15 30 45 60 

0.1% M 6 7 6 6 7 

DNR 11 20 30 31 32 
DNR+V 14 22 56 90 130 

IDR 52 149 193 212 233 
IDR+V 39 182 256 287 293 
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Table 3. Retention of IDR and DNR in CEM-VBL cells incubated with or without verapamil 

Parameter 

0.1 %a --+---> M 

DNR + M --+---> M 
D NR + V --+---> V 

ID R + M --+---> M 
ID R + V --+---> V 

a Control medium is 0.1 % DMSO 

o 

5 

16 
44 

66 
93 

verapamil. In this instance, the presence of 
verapamil increases the amount of intracel
lular DNR by approximately fourfold (Ta
ble 2). 

Retention experiments also demonstrate 
that continued verapamil exposure doubles 
the intracellular IDR concentration (2.6 
above baseline, Table 3). However, DNR 
intracellular concentration is increased by 
more than fivefold when verapamil is added 
to the medium. 

In summary, IDR may not be transported 
out of MDR cells in the same manner as 
DNR. Insofar as the MDR phenomenon 
plays a role in clinical drug resistance, this 
finding may explain in part the superior 
clinical results of this anthracycline. 

Summary 

Clinical trials comparing idarubicin with 
daunorubicin in adult patients with acute 
mylelogenous leukemia suggest that idaru
bicin offers an improvement in remission 
incidence and overall survival. Additional
ly, in at least one study, more patients on the 
standard daunorubicin treatment arm 
proved resistant to two cycles of daunoru
bicin than patients on the idarubicin arm. In 
order to examine this phenomenon in vitro, 
we exposed multidrug resistant cell lines to 
both idarubicin and daunorubicin and 
measured anthracycline uptake and reten
tion. Preliminary data suggest that idarubi
cin is taken up by the drug-resistant cells at 
a faster rate. Moreover, verapamil, an agent 
that reverses the multidrug resistant pheno
type in vitro, did not significantly alter 
anthracycline uptake when co-incubated 
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Fluorescence measured at time (min) 
5 15 30 60 120 

5 5 5 5 5 

11 9 7 6 6 
43 43 40 35 30 

59 48 43 50 47 
108 115 108 125 121 

with idarubicin. This was in distinction to 
the markedly enhanced anthracycline up
take noted when both verapamil and dau
norubicin were incubated together with the 
multi drug-resistant cells. Taken together, 
these results suggest that idarubicin is more 
effective in vitro in multidrug-resistant 
cells. 
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Mitoxantrone: Pharmacokinetic and Pharmacodynamic Studies 
in Patients with Leukemia* 

P. Muus, P. Linssen, R. Knops, H. Wessels, and T. De Witte 

Introduction 

Mitoxantrone is one of the newer drugs 
with cytotoxic activity against leukemic 
cells. The drug binds to DNA and it induces 
both single- and double-strand breaks and 
DNA-protein crosslinks within the cells. In 
addition the drug binds to the cellular 
cytoskeleton. It appears that binding of the 
drug in the various cellular compartments 
occurs at a different rate, with different 
affinity and most likely also with different 
cytotoxic significance. It is not known 
which of these or other events is responsible 
for the interference with the survival of the 
cell. Mitoxantrone is widely distributed 
through the body and also accumulates in 
nonhematologic tissue [1, 2]. 

Doses of mitoxantrone ranging from 5 to 
14 mg/m2 for 2-5 days are given in the 
treatment of leukemia. The drug is given in 
infusions of short duration or per contin
uous infusion. Decisions about dose sched
ules are hampered by lack of knowledge 
about the pharmacodynamics of the drug. 
We studied accumulation of mitoxantrone 
in vivo in plasma and blasts from patients 
who were treated for poor-risk leukemia. 
We also investigated the cellular level 
required to inhibit the c1onogenic cell. 

Department of Hemato!ogy, University Hospital 
Nijmegen, Nijmegen, The Netherlands 
* Supported by Lederle Nederland B.Y. and by 
the M & A de Kock Foundation. 
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Patients 

Twenty-three patients with an unmain
tained relapse (n = 3), a maintained relapse 
(n = 3), and primary refractory (n = 3) 
acute myeloid leukemia (AML) and myelo
blastic transformation of chronic myeloid 
leukemia (CML) (n = 14) were treated with 
mitoxantrone 12 mg/m2 per day per contin
uous infusion for 5 days and ara-C 200 
mg/m2/day in a continuous infusion for 7 
days. Patients with myeloblastic transfor
mation of CML received cryopreserved 
autologous peripheral stem cells following 
the treatment course (n = 7). Mitoxantrone 
was given on days 1, 3, 4, 5, and 6 [if no 
autologous stem cells, were available (n = 

7) on days 1, 3, and 4 only] and ara-C on 
days 2-8. The median age of the AML 
patients was 55 (34-68) years; the CML 
patients had a median age of 46 (28-64) 
years. 

Materials and Methods 

In nine consecutive patients blood samples 
were drawn in heparinized tubes on ice at t 
= 0, and 0.5, 1.0, 6.0, 24, 48, 72, and 96 h 
after initiation of the mitoxantrone infu
sion. For in vitro experiments cryopre
served bone marrow blasts from leukemia 
patients and bone marrow and peripheral 
blood cells from healthy volunteers were 
used. 

Ascorbic acid was added to the samples 
to a final concentration of 57 f!M to prevent 
degradation of the mitoxantrone. Separa
tion of the erythrocytes was performed by 



dextrane sedimentation according to Brons 
et al. [3]. The latter method has the advan
tage of minimizing the efflux of mitoxan
trone from the cells. Peripheral nucleated 
cells and plasma were stored at - 20°C until 
analysis. Bone marrow cells were washed 
and subsequently separated in a density 
gradient (d: 1.085 g/ml) of Ficoll-Isopaque 
(Pharmacia, Uppsala, Sweden). The nu
cleated interphase cells were washed and 
resuspended in heat-inactivated fetal calf 
serum. Bone marrow cells were exposed to 
mitoxantrone for 2 hand 5 days. Medium 
consisted of Iscoves medium (Flow labora
tories, Truine, Ayrshire, Scotland) supple
mented with 5 % FCS, 50 IU/ml penicillin, 
and 50 flg/ml streptomycin (Flow Laborato
ries). Freshly prepared mitoxantrone solu
tions were added to final concentrations of 
10-2 to 10+2 ng/ml. After extensive washing 
the survival of the clonogenic cells was 
assessed in the semisolid clonogenic CFU
GM or CFU-L assay as previously described 
[4]. Duplicate samples were frozen for later 
measurement of the cellular concentrations 
of mitoxantrone. 

Mitoxantrone levels in plasma and cells 
were measured using a modification of the 
HPLC method of Reynolds et al. [5] and 
Choi et al. [6]. Amatrone was used as an 
internal standard. The detection limit was 
0.5 ng/500 fll extraction volume. The 
amount of mitoxantrone in cells was mea
sured per cell number. The cellular concen
tration was expressed per volume assuming 
that the volume of 560 x 106 cells is equal to 
one milliliter, for comparison of mitoxan
trone levels in cells and plasma. 

Treatment Resnlts 

In nine AML patients three complete and 
two partial responses were attained. One 
patient who had failed two remission induc
tion courses consisting of conventional dose 
ara-C and daunorubicin entered a complete 
remission which has lasted 9 months. Also 
three out of 14 patients in myeloblastic 
transformation of CML entered a second 
chronic phase. These results indicate that 
certain poor-risk patients profit from 
mitoxantrone combined with conventional 
dose ara-C. The leukocytes were <1.0 x 

109/l for a median of 23 days (11-45 days). 
The thrombocytes were <20 x 109/l for a 
median of 22 days (0-64 days). Four CML 
patients who did not receive autologous 
stem cells died in the seventh week of 
leukocytopenia. Two AML patients died in 
the second week of bone marrow hypopla
sia. Nonhematological side effects were 
acceptable. No significant clinical cardio
toxicity occurred. 

Plasma Levels of Mitoxantrone 

Mitoxantrone levels in plasma rose quickly 
and in most patients a plateau was reached 
after 6 h. The plateau concentration in 
plasma ranged between 6 and 26 ng/ml in all 
patients (n = 9). When the mitoxantrone 
infusion was interrupted (day 2), plasma 
concentrations of mitoxantrone decreased 
by 73 %-95 % over 24 h (n = 5). Plasma 
levels, albeit very low, were measurable up 
to 1 week after the last dose of mitoxan
trone in some patients, pointing to a long 
terminal half-life. 

Mitoxantrone Concentrations in Blast 
Cells from Patients 

Mitoxantrone was demonstrable in circulat
ing blast cells in the peripheral blood of 
some patients as early as 30 min after 
initiation of the infusion. The cellular con
centrations at this time point were in the 
range of plasma levels. In the course of the 
1st day the cellular concentration increased 
to 103-476 ng/ml (n = 6). After interrup
tion of the mitoxantrone infusion (day 2), 
the cellular level decreased by 22 % -78 % 
over the next 24 h in five patients and 
increased to 145 % in one. In contrast to 
plasma levels, blast cells continued to accu
mulate mitoxantrone during the subse
quent days of treatment. No plateau con
centrations were observed. Highest levels 
of 275-2458 ng/ml were measured on days 4 
or 5. After completion of the mitoxantrone 
infusion considerable levels (118-506 
ng/ml) of the drug remained present in the 
cells for at least 2 days in two patients who 
had enough leukocytes left in the peripheral 
blood to allow HPLC analysis. 
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Sensitivity of the Clonogenic Cells 
to Mitoxantrone for 2 h Vs. 5 days; 
the Extracellular Concentration 

Sensitivity of leukemic cJonogenic cells to 
mitoxantrone showed a wide interindivi
dual variation. Prolongation of exposure to 
mitoxantrone from 2 h to 5 days resulted in 
a marked increase of cytotoxicity toward 
cJonogenic cells. The concentration of 
mitoxantrone in the medium which inhib
ited 50 % of the cJonogenic survival (IDSO) 
decreased from 100 to 7 ng/ml, from 32 to 
1.6 ng/ml, and from 4.2 to 0.15 ng/ml in 
three different patients. Similar results were 
obtained for normal CFU-GM (data not 
shown). 

Sensitivity of the Clonogenic cells 
to Mitoxantrone for 2 h Vs. 5 days; 
the Intracellular Concentration 

Prolongation of the exposure time to mito
xantrone resulted in increased cellular accu
mulation. Cells had accumulated 325 ng/ml 
mitoxantrone when exposed to an extracel
lular concentration of 10 ng/ml for 2 h, 1355 
ng/ml when exposed for 5 days, and 952 and 
6082 ng/ml when exposed to 30 ng/ml for 2 h 
and 5 days respectively. No plateau was 
demonstrable for the cellular accumulation 
at either exposure time. In the CFU-GM 
assay, a cellular mitoxantrone concentra
tion corresponded with a stronger inhibi
tion of the cJonogenic cells when that 
cellular level was attained in 5 days com
pared with 2 h. The intracellular mitoxan
trone concentration at the start of the 
CFU-GM assay corresponding to 50 % inhi
bition of the cJonogenic survival was 320 
ng/ml when attained after 2 h of exposure 
and 120 ng/ml when attained after 5 days of 
exposure. 

Discussion 

Mitoxantrone in combination with ara-C 
per continuous infusion is effective in the 
treatment of certain poor-risk leukemia 
patients. Patients with myeloblastic trans
formation of CML appeared at risk of 
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prolonged myelosuppression, particularly 
when no autologous stem cells were avail
able for reinfusion. Nonhematologic toxici
ty of the schedule was acceptable. 

Patients attained plasma (steady state) 
concentrations ranging between 6 and 26 
ng/m!. These findings are in agreement with 
those reported by Kaminer at a!. [7]. When 
the same dose of mitoxantrone is given to 
patients in a 30-min infusion, peak plasma 
levels of 400-960 ng/ml have been reported 
[5]. Avoiding high peak plasma levels may 
be important to restrict nonhematological 
toxicity. 

With the present dose schedule, the 
maximum capacity for cells to accumulate 
mitoxantrone was not reached. Highest 
values in patients during the regimen 
ranged between 275 and 2458 ng/m!. In 
vitro after 5 days of exposure to 30 ng/ml 
mitoxantrone, cellular levels of 6082 ng/ml 
were found. 

After completion of the infusion, cellular 
mitoxantrone decreased at a slower pace 
than plasma levels, and mitoxantrone 
remained detectable in the cells until hypo
plasia occurred. A long terminal half-life 
has also been reported by Greidanus et a!. 
[8], who demonstrated mitoxantrone in 
leukocytes up to 14 days after completion of 
a 21-day infusion of 1.1 mg/m2 mitoxan
trone per day. 

This observation complicates the inter
pretation of in vitro dose-response curves 
comparing the percentage survival of cJono
genic cells after incubation in drug-contain
ing medium for various periods. Although 
the time of incubation in drug-containing 
medium is defined, the duration of intracel
lular exposure and as a consequence a 
possible continued cytotoxic effect can 
therefore not be accurately defined. 
Assuming that mitoxantrone remains pre
sent in the cells throughout the 10 days of 
the cJonogenic assay at a constant concen
tration, the area under the concentration x 
time curve at the cellular concentration 
which inhibited the cJonogenic survival by 
50 % would be 77 440 ng.h/ml for a total 
exposure of 2+ 240 hand 43200 ng.hlml for 
120+ 240 h. It was expected that the product 
of cellular mitoxantrone concentration and 
total exposure time would be comparable 
and that the curves are superimposable as is 



the case for doxorubicin (Adriamycin) 
[8]. 

Although these latter results need confir
mation we like to make some preliminary 
speculations about their significance. One 
explanation could be that after 5 days the 
loosely bound mitoxantrone has disap
peared from the cells. Apparently the more 
tightly bound mitoxantrone has more cyto
toxic significance. An alternative explana
tion is that the clonogenic cells studied after 
5 days of incubation represent earlier pro
genitor cells. It follows that the earlier 
progenitor cells would be more sensitive to 
mitoxantrone. 

Summary 

Twenty-three poor-risk leukemia patients 
received mitoxantrone (12 mg/m2 per day) 
for 3-5 days and cytosine arabinoside (ara
e) (200 mg/m2 per day) for 7 days both in a 
continuous infusion. Six complete and two 
partial responses were attained. The 
median duration of leukocytopenia (leuko
cytes <1.0 x 109/1) was 23 days (range, 
11-45 days). The median duration of throm
bocytopenia «20 x 109/1) was 22 days 
(range, 0-64 days). Six patients died during 
early (n = 2) or persistent hypoplasia (n = 
4). Particularly patients treated for myelo
blastic transformation of CML were at risk 
for severe myelotoxicity. Steady state plas
ma concentrations of mitoxantrone ranged 
between 6 and 26 ng/ml. Blast cells contin
ued to accumulate mitoxantrone. Highest 
cellular concentrations attained in vivo 
ranged between 275 and 2458 ng/ml. No 
cellular plateau could be demonstrated. 
Cellular levels decreased at a lower rate 
than plasma levels and mitoxantrone was 
detectable in the cells until hypoplasia 
occurred. 

In vitro studies demonstrated a shift to 
the left of the dose response curves, relating 
the extracellular mitoxantrone concentra
tion to the inhibition of the clonogenic 
survival when 2 hand 5 days of incubation 

in drug-containing medium were com
pared. Preliminary data suggest that after 5 
days of incubation of cells in the presence of 
mitoxantrone the sensitivity of the clono
genic cells may have increased. 
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Pharmacological Sanctuaries in the Treatment of Acute 
Leukemia in the Rat* 

K. Nooter, A. 1. de Vries, A. C. M. Martens, and A. Hagenbeek 

In most leukemia patients leukemic stem 
cells survive current chemotherapies. The 
high relapse rate in patients with acute 
myelocytic leukemia (AML) may, in part, 
be explained by the surviving leukemic cells 
being exposed to inappropriate drug con
centrations. We used the Brown Norway 
acute myelocytic leukemia (BNML) model, 
which has been proven to resemble AML in 
humans in many characteristics. The BNML 
model has been studied extensively for 
more than a decade and for further reading 
the reader is referred to a recent review by 
Martens et al. [1]. 

In the study presented here we compared 
the pharmacokinetics and antitumor effica
cy of daunorubicin in normal and leukemic 
rats [2]. Leukemic rats were treated with 7.5 
mg/kg daunorubicin as an intravenous (i.v.) 
bolus dose, 13 days after transplantation of 
107 leukemic cells. At various times after 
drug injection the rats were killed and the 
concentrations of daunorubicin and dauno
rubicinol were assayed by high-perfor
mance liquid chromatography (HPLC) in 
several organs [2]. 

We found that the femoral bone marrow 
accumulated less daunorubicin than did 
normal bone marrow, especially at the stage 
of a high leukemic cell burden (Fig. 1). 
However, the leukemia-infiltrated liver and 
spleen accumulated much larger amounts of 
drugs than normal liver and spleen (Figs. 2, 

Institute of Applied Radiobiology and Immuno
logyTNO, PO Box 5815,2280 HV Rijswijk, The 
Netherlands 
* This study was supported in part by the 
Netherlands Cancer Foundation. 
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3). Our explanation for the reduced anthra
cycline accumulation in the femoral bone 
marrow is the following: The inoculated 
anthracycline drug with its high affinity for 
cellular DNA is rapidly taken up by the 
large amount of easily accessible leukemic 
cells in liver and spleen and very little drug 
is left for the femoral bone marrow with its 
much slower uptake kinetics. 

A strong suggestion for a role of the 
leukemic cell load in daunorubicin distribu
tion is provided by the experiment in which 
we compared the pharmacokinetics of dau
norubicin in leukemic rats, 13 days after 
transplantation, with those of leukemic rats 
9 days after transplantation. It appeared 
that the amount of daunorubicin in the 
leukemic bone marrow is inversely propor
tional to the tumor load (data not 
shown). 

These data suggest that lowering the 
tumor load prevents the formation of phar
macological sanctuaries. Subsequently, we 
performed experiments whereby the leu
kemic cell load was reduced by low-dose 
cyclophosphamide [3]. We investigated the 
effects of low-dose cyclophosphamide pre
treatment on the daunorubicin concentra
tions in leukemic bone marrow. At day 12 
after transplantation of the leukemia, rats 
were injected with cyclophosphamide (30 
mg/kg i.p.). Two days later (d14) the leu
kemic rats received daunorubicin (7.5 
mg/kg i.v.). The cyclophosphamide pre
treatment led to a significant increase in 
daunorubicin concentration in the femoral 
bone marrow by a factor of about 7 (Fig. 1). 
The log leukemic stem cell kill (LCK) 
values, as estimated by a survival assay, 
were 1.8, 0.7, and 5.4 for the leukemic rats 
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Fig. lA, B. Bone marrow concentration/time course of daunorubicin (DAU)(A) and daunorubicinol 
(DAUNOL)(B) after daunorubicin 7.5 mg/kg in normal (BN)(D---D) and leukemic (BNML) rats 
(0---0) or after the same dose DAU combined with cyclophosphamide (CY) 30 mg/kg 2 days earlier in 
BN rats (.-.) and BNML rats (e-e). Mean and SD 

injected with cyclophosphamide (d12), 
injected with daunorubicin (d14), or cyclo
phosphamide (d12) plus daunorubicin 
(d14), respectively (Fig. 4). The simulta
neous administration of cyclophosphamide 
and daunorubicin at day 14 induced an LCK 

of 2.7, a value that is just the sum of the 
LCKs of cyclophosphamide and daunorubi
cin alone. These results indicate that low
dose cyclophosphamide pretreatment leads 
to an increased daunorubicin accumulation 
in femoral bone marrow of leukemic rats, 
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Fig. 3. Daunorubicin accumulation by spleen in normal (0---0) and leukemic rats (0---0). Solid 
symbols = after cyclophosphamide pretreatment 

and has a clear synergistic effect on dauno
rubicin therapy. 

The next question concerning the pre
vention of pharmacological sanctuaries 
with cytostatic agents was whether the 
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effect of cyclophosphamide pretreatment 
resulted from a reduction in tumor load or is 
due to a specific effect of cyclophospham
ide. To answer this question we used cyto
sme arabinoside (ara-C) instead of 



Fig. 4. Log leukemic stem 
cell kill (LCK) as estimated 
by survival for the different 
treatment groups . Light bars 
represent the LCK found 
experimentally, the dark bars 
represent the sum of the 
effects of the separate treat
ments 

CYd12 

cyclophosphamide as a tumor load reducing 
agent. Leukemic rats were treated three 
times with ara-C (200 mg/kg, q12 h, i.v.), 
starting at day 12 after transplantation of 
the leukemia , followed by daunorubicin 
treatment on day 14. Normal rats were 
treated with the same treatment schedule. 
After tumor load reduction with ara-C the 
pharmacokinetic data in leukemic rats 
showed a complete restoration of the dau
norubicin levels in the femoral bone mar
row as compared to normal rats. From 
survival assays the LCK values estimated 
were 1.9,0.3, and 4.4 for the leukemic rats 
treated with ara-C (start d12), treated with 
daunorubicin (d14), or treated with ara-C 
(start d12) plus daunorubicin (d14) , respec
tively. In conclusion , these results indicate 
that tumor load reduction by either cyclo
phosphamide or ara-C leads to an increased 
daunorubicin accumulation in femoral bone 
marrow of leukemic rats, and has a clear 
synergistic effect on daunorubicin thera
py. 

In order to study whether the pharmaco
kinetics of other cytostatic drugs, related 
and unrelated to anthracyclines, are also 
influenced by the tumor load of the animal, 
we compared the pharmacokinetics of 

CYd14 DAUd14 CYd14 CYd12 
+ + 

DAU d14 DAU d14 

another DNA intercalator, mitoxantrone, 
with those of the antifolate methotrexate 
(MTX), in normal and leukemic rats. For 
that purpose we first developed a sensitive 
HPLC assay for the determination of 
mitoxantrone in bone marrow [4]. MTX 
was also determined by HPLC [5]. The bone 
marrow pharmacokinetics of mitoxantrone 
were studied by injection of mitoxantrone 
(2.5 mg/kg, i.v. bolus) in leukemic rats 13 
days after transplantation. The rats were 
killed at various times after the injection, 
and the concentration of mitoxantrone in 
bone marrow was assayed. We found that 
the femoral bone marrow from leukemic 
rats contained about a factor 4.5 less mito
xantrone (per 109 nucleated cells) than did 
bone marrow from normal rats (Fig. 5a). 
The pharmacokinetics of MTX in bone 
marrow of both normal and leukemic (day 
13) rats were studied after an intravenous 
bolus injection of MTX (25 mg/kg). The 
results showed that for MTX the phenom
enon of decreased bone marrow drug accu
mulation was not observed (Fig. 5 b). The 
most likely explanation is that DNA-inter
calating drugs, which have a high affinity for 
cellular DNA, are rapidly taken up by the 
easily accessible leukemic cell load and 
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Fig, SA, B. Bone marrow concentration/time curves of mitoxantrone (M/TOX, 2.5 mg/kg)(A) and 
methotrexate (MTX, 25 mg/kg)(B) in normal (e-e) and leukemic (0---0) rats 

that, as a consequence, the femoral bone 
marrow, which has much slower drug uptake 
kinetics, functions as a pharmacological 
sanctuary. 

Removal of leukemic cell burden by 
chemotherapeutic pretreatment prevents 
the formation of pharmacological sanctuar
ies in the femoral bone marrow and drama
tically potentiates the efficacy of anthracy
cline drugs. Extrapolation to man indicates 
that pretreatment of full-blown leukemia at 
diagnosis with low-dose effective chemo
therapy may increase the efficacy of subse
quent anthracycline-containing remission 
induction chemotherapy. 

Summary 

The total number of leukemic cells at the 
time of therapy may affect the tissue and 
target cell distribution and antitumor effica
cy of cytotoxic drugs. We compared the 
pharmacokinetics and antitumor efficacy of 
the anthracycline drugs, daunorubicin and 
mitoxantrone in normal and leukemic rats 
and found that in the presence of a high 
leukemic cell load, the femoral bone mar
row accumulated significantly less drug 
than normal bone marrow. Apparently, the 
femoral bone marrow can function as a 
pharmacological sanctuary. 

Low dose cyclophosphamide pretreat
ment, which reduced the leukemic cell load 
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by about two log, led to a dramatic increase 
in anthracycline accumulation in the femo
ral bone marrow and to a strong potentia
tion of the anti-leukemic effect of the 
anthracycline drugs. 
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In Vitro Drug Resistance in Childhood Acute Lymphoblastic 
Leukemia in Relation to Age and Immunophenotype* 

R. Pietersl, G.J.L. Kaspersl, E.R. van Wering2, D.R. Huismans1, A.H. Loonen1, 

K. Hiihlen2.3, and A.J.P. Veermanl.2 

Introduction 

The immunophenotype is one of the prog
nostic factors in children with acute lym
phoblastic leukemia (ALL) [1-6]. B-ALL 
cases have the worst prognosis and patients 
with B-cell precursor ALL the most favo
rable prognosis. Among the patients with 
precursor B-ALL, those whose lympho
blasts have cytoplasmic fl heavy chain (Cfl; 
preB ALL) and the small group of patients 
whose cells lack the common ALL (cALL) 
antigen characteristic of the earliest stage of 
B-cell differentiation (proB ALL) show 
poorer responses by comparison with the 
cALL + /Cfl- cases ( cALL). Also patients 
with T-ALL have an unfavorable prognosis. 
Part of these findings are still controversial 
because in some studies the immunopheno
type is related to other clinical and biolog
ical features like white blood cell count 
(WBe) and organomegaly. Also, when 
effective treatments are used, the prognos
tic value of immunophenotype could be 
diminished [7-9]. 

Age is a well-established prognostic fac
tor in childhood ALL [8]. Infants younger 
than 18 months have the worst prognosis 
[10-12]. Leukemia in these infants is char-
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acterized by a high tumor load but also by a 
high incidence of the prognostically unfa
vorable proB phenotype [12]. Patients old
er than 10 years of age also have a relatively 
poor prognosis [8, 11, 13]. 

The cell biological basis for the associa
tions between age and treatment outcome 
and between immunophenotype and treat
ment outcome is not understood. It has 
been shown that immunophenotype is cor
related to karyotype but this itself does not 
elucidate the relationship with prognosis 
[14]. It is often suggested that differences in 
phenotype and karyotype reflect diffe
rences in drug resistance but no studies have 
been performed to support this hypothesis. 
Recently we adapted the MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetra
zolium bromide) assay for in vitro drug 
sensitivity testing in ALL patient samples 
[15-17]. This assay shows good correlations 
between in vitro results and clinical re
sponse to chemotherapy [18-22]. We report 
here the relation of age and immunopheno
type to in vitro drug resistance in children 
with ALL. 

Materials and Methods 

Cells 

Bone marrow or peripheral blood cells from 
84 children with untreated ALL were used. 
The data concerning the age of the children 
were derived from the central office of the 
Dutch Childhood Leukemia Study Group 
(DCLSG). In 46 cases cells had been cryo
preserved in liquid nitrogen at -170°C. 
Leukemic cells were isolated on a Ficoll 
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Isopaque gradient (Lymphoprep 1.077 
g/ml). The median percentage of malignant 
cells was 94 % (range 66 %-100 %) and was 
not different between the immunological 
SUbtypes. Cryopreservation does not alter 
drug sensitivity [16] and bone marrow and 
peripheral blood cells did not differ as to 
drug sensitivity. Immunophenotyping was 
done in the research laboratory for Pediat
ric Hemato-Onco-Immunology of the Free 
University Hospital and in the laboratory of 
the OCLSG using an indirect peroxidase 
staining method. The samples of the B
lineage ALL, of which the B-cell origin was 
confirmed by the expression of CO 19 and 
HLA-OR, were classified into four sequen
tial differentiation stages: pro8 ALL cells 
were CO 10-, cytoplasmic I-l chain - (Cl-l-) 
and surface immunoglobulin (sIg-); cALL 
cells COlO+/cl-l-/sIg-; preB ALL cells 
COlO+or- I cl-l+/sIg-; B-ALL cells COlO- I 
cl-l-/sIg+ . 

Drug Sensitivity Assay 

In vitro drug sensitivity was assessed with 
the MTTassay as described elsewhere [17]. 
.Briefly, 96-well microculture plates con
tained 100 I-ll cell suspension with 6 dupli
cate concentrations of the following drugs: 
6-thioguanine (6-TG), vincristine (VCR), 
prednisolone (Pred), daunorubicin (ONR), 
mafosfamide (Maf, an active derivative of 
cyclofosfamide), cytosine arabinoside 
(AraC), mustine HCl (Must) and L-aspa
raginase (L-Asp). Untreated control cells 
were set up in sixfold. After incubation in a 
humidified incubator in 5 % CO2 for 4 days 
at 37°C, 10 I-ll MTTsolution was added for 6 
h. MTT is reduced to a coloured formazan 
by living but not by dead cells. The forma
zan crystals were dissolved with 100 I-ll acid 
isopropanol. The optical density (00) was 
measured with a microplate reader at 540 
nm. The 00 is linearly related to cell 
number. Leukemic cell survival (LCS) was 
calculated by the equation: 

LCS = (00 treated well/mean 00 con
trol wells) x 100 % . 

The LCso is the drug concentration lethal 
to 50 % of the cells. 

Staining of the multi drug resistance p
glycoprotein with the monoclonal anti bod-
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ies C219 and JSB-l and assessment of the 
effects of the resistance modifiers cyclospo
rin A (Sandimmune; CsA; 2 I-lg/ml) and 
verapamil (Vp; 5 I-lg/ml) upon leukemic cell 
kill by VCR and ONR with the MTT assay 
were done as described elsewhere [22]. 

Statistics 

The Mann-Whitney U test (MWU) was 
used for two-tailed testing at a significance 
level of .05. 

Results 

Immuflophenotype 

Twenty patients had theT-ALL phenotype; 
7 were proB-, 37 cALL, 17 preB- and 3 
B-ALL. The relationship between immuno
phenotype and in vitro drug resistance is 
shown in Fig. 1 and Table 1. Several obser
vations can be made from these data: 
1. Large variations in sensitivity were 

detected with overlaps between the dif
ferent immunological subtypes. In gen
eral, cALL and preB ALL cells had the 
lowest median LCso values, i.e., were the 
most chemosensitive cells. This was 
especially true for Pred and L-Asp. 

2. T-ALL cells were significantly more 
resistant to Pred, ONR, AraC, Maf and 
L-Asp than cALL and preB ALL cells 
and more resistant to VCR than preB 
ALL cells. The largest absolute diffe
rences were for Pred and L-Asp: The 
median LCso values in T-ALL were re
spectively 180 and 12-25 times those in 
cALL and preB ALL. In 6/18 (33 % ) 
T-ALL cases the LCso for Pred was 
higher than the maximum concentration 
tested (250 I-lg/ml) compared to 2143 
(4 %) cALL and preB ALL cases. In 
only 1118 (6 %) T-ALL cases was the 
LCso lower than the minimum concen
tration tested (0.1 I-lg/ml) compared to 
16/43 (37 %) cALL and preB ALL 
cases. 

3. ProB ALL cells showed a significant 
resistance to 6-TG, Pred, ONR and a 
trend to resistance to L-Asp compared 
to cALL and preB ALL cells. ProB ALL 



cells were more resistant to Maf than 2/43 (4 %) and 16/43 (37 %) cALL and 
preB ALL cells. In 4/6 (67 % ) proB ALL preB ALL cases. 
cases the LC50 for Pred was higher than 4. No differences were found between 
250 flg/ml and in 0/6 proB cases lower cALL and preB ALL cases with the 
than 0.1 flg/ml compared to respectively exception of the alkylating drugs Maf 

Table 1. Immunophenotype and drug resistance in childhood ALL 

Drug Pheno- LC,o N 2-tailed p values 

Median Range 
type T ProB cALL PreB B-ALL 

6-TG T-ALL 6.3 1.6-50.0 18 .074 
ProB 10.1 2.5-17.9 7 .015 .057 
cALL 4.9 1.6-15.3 30 .074 .015 
PreB 5.0 2.1-14.9 15 .057 
B 5.4-50.0 2 

VCR T-ALL 5.7 .3-50.0 18 .047 .034 
ProB 2.1 .5-50.0 7 .050 
cALL 2.9 .3-50.0 28 .011 
PreB 2.0 .3-36.8 16 .047 .010 
B 50.0 24.4-50.0 3 .034 .050 .011 .010 

Pred T-ALL 53.4 .1-250.0 18 .005 .002 
ProB 250.0 1.0-250.0 6 .006 .004 
cALL .3 .1-250.0 28 .005 .006 
PreB .3 .1-168.2 15 .002 .004 
B 172.6 .1-250.0 3 

DNR T-ALL .193 .023-2.000 18 .025 .024 .027 
ProB .275 .074-.863 7 .026 .014 .030 
cALL .082 .002-.895 24 .025 .026 .009 
PreB .060 .002-.378 14 .024 .014 .008 
B 1.385 .444-1.470 3 .027 .030 .009 .008 

AraC T-ALL .611 .018-2.500 14 .013 .004 
ProB .144 .029-.986 7 
cALL .169 .002-2.500 26 .013 
PreB .141 .002-.478 13 .004 
B .461 .082-2.266 3 

Must T-ALL 12.4 1.7-60.0 6 
ProB 38.5 4.7-48.5 5 
cALL 38.0 1.1-115.4 18 .032 
PreB 15.1 4.6-34.7 7 .032 
B .7-214.3 2 

Maf T-ALL 18.0 3.3-100.0 14 .048 .0003 
ProB 5.9 1.6-28.0 7 .035 
cALL 5.4 .5-44.2 22 .048 .021 
PreB 2.8 .2-15.6 12 .0003 .035 .021 
B .8-38.1 2 

L-Asp T-ALL 1.20 .016-10.00 14 .024 .022 
ProB .93 .020-1.58 7 .073 .051 
cALL .05 .016-10.00 26 .024 .073 
PreB .10 .016-1.06 12 .022 .051 
B .80-10.00 2 

LC50 values in micrograms per milliter (in units per milliliter for L-Asp). Two-tailed p values 
which were <.10 are shown 
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and Must. PreB cells were more sensitive 
than cALL cells to these drugs with a 
two- to threefold difference in median 
LCso values. 

5. All three B-ALL cases were highly resis
tant to VCR and DNR compared to all 

other phenotypes. Staining for p-glyco
protein was negative. Verapamil and 
cyclosporin A did not increase the cyto
toxic effect of VCR and DNR. Two out 
of three B-ALL cases were resistant to 
Pred. One B-ALL case was also highly 
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resistant to all other drugs tested while 
one other was relatively sensitive to 
these, especially to the alkylating 
drugs. 

Age 

The age was known in 82 patients. Eight 
patients were younger than 18 months at 

diagnosis. Of these children, four had proB-, 
two cALL and two preB ALL. Eighteen 
patients (six T-ALL, two proB-, eight 
cALL and two preB ALL) were older than 
10 years at initial diagnosis. The drug re
sistance results of these cases are indicated 
in Table 2 and Fig. 2. The youngest group 
was significantly more resistant to Pred and 
DNR than the group of patients aged 18 
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months to 10 years. The oldest group 
showed a significant resistance to Pred 
compared to the group aged 18 months to 
10 years. The differences in L-Asp sensitiv
ity were not statistically significant. If only 
patients with cALL and preB ALL were 
analyzed, still the same relationship was 
found between age and in vitro drug re
sistance to Pred and DNR but the groups 
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<18 months (n = 3) and> 10 years (n = 8) 
were small. This is also reflected by the fact 
that the only two cALLlpreB ALL cases 
with an LC50 >250 Ilg/ml for Pred fell in the 
youngest and oldest age group while the 
five cases in the intermediate age group 
with an LC50 > 250 Ilg/ml for Pred were not 
of the cALL or preB phenotype. The largest 
absolute differences were observed again 
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for Pred and L-Asp: in the youngest and 
oldest group the median LCso values for 
Pred were respectively >800 and 6 times 
and for <-Asp 9 and 3 times as high as those 
in the intermediate age group. 

Discussion 

Immunophenotype 

With most treatment protocols for children 
with ALL, the immunophenotype has prog
nostic value. B-ALL cases have the worst 
and cALL the best prognosis. Compared to 
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Table 2. Age and drug resistance in childhood ALL 

Drug Age LCso N p 

Median Range 

6-TG <18 mths 5.7 2.3-16.8 7 
18-120 mths 5.4 1.6-17.9 47 
>10 yrs 5.8 1.6-50.0 16 

VCR <18 mths 4.6 .5-19.0 6 
18-120 mths 2.8 .3-50.0 48 
>10 yrs 2.6 .6-50.0 16 

Pred <18 mths 250.0 7.5-250.0 6 .004 
18-120 mths .3 .1-250.0 46 
>10 yrs 1.8 .1-250.0 16 .023 

DNR <18 mths .289 .116- .436 6 .022 
18-120 mths .084 .002-1.438 43 
>10 yrs .210 .005-2.000 15 

AraC <18 mths .144 .043-.986 5 
18-120 mths .312 .002-2.500 42 
>10 yrs .1111 .016-2.500 14 

Must <18 mths 26.8 4.7- 48.5 4 
111-120 mths 35.2 1.1-115.4 24 
>10 yrs 14.0 1.7- 86.5 8 

Maf <18 mths 3.9 1.6-28.0 5 
18-120 mths 5.3 .2-100.0 37 
>10 yrs 9.8 2.6-100.0 13 

<-Asp <111 mtsh 1.14 .020- 1.47 5 
18-120 mths .17 .016-10.00 40 
>10 yrs .47 .016-10.00 14 

LCso values in micrograms per milliliter (in units per milliliter for L-Asp). Two-tailed p values of 
the comparison of the youngest or oldest group with the intermediate age group which were <.10 
are shown 

cALL cases, T-, preB-, and proB ALL cases 
have a poorer outcome [1-9]. It is hypothe
sized that differences in cellular drug sensi
tivity may account for these differences in 
clinical responsiveness to chemotherapy. 
The present study reports on differences in 
in vitro drug resistance between the immu
nophenotypic subgroups of childhood 
ALL. 

In general, cALL and preB ALL cells 
showed a higher chemosensitivity than cells 
of the other phenotypes. We did not find 
that preB ALL cells were more resistant to 
any of the drugs tested than cALL cells. 
PreB ALL cases were even more sensitive 
to the alkylating agents Maf and Must 
compared to cALL. This could suggest that 
sensitivity to alkylating drugs increases 
with B-cell maturation. We could not test 
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this hypothesis further because of the low 
number of B-ALL samples. One B-ALL 
sample was highly sensitive but the other 
highly resistant to Maf and Must. Single 
agent cyclofosfamide has been curative in 
some patients with advanced B-cell malig
nancies [23]. 

From the comparison oftheT-, proB- and 
B-ALL cases with the cALL and preB ALL 
cases the following differences are evi
dent: 
- T-ALL cases showed a resistance to 

Pred, DNR, AraC, Maf and L-Asp. 
T-ALL cells were more VCR resistant 
than preB ALL cells. 

- ProB ALL cases were resistant to 6-TG, 
Pred, DNR and L-Asp. ProB ALL cells 
were more Maf resistant than preB ALL 
cells. 
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The number of B-ALL cases studied 
was too small to draw general conclu
sions. All three samples were resistant 
to VCR and DNR and two out of three 
also to Pred. For most other drugs only 
two samples could be evaluated, one 
showing a general resistance while cells 
from the other were relatively chemo-

senSItIve especially to the alkylating 
agents. The VCR and DNR resistance in 
B-ALL was not due to the multidrug 
resistance (MDR) phenotype because: 

a) VCR and DNR resistance was asso
ciated with resistance to drugs not 
involved in MDR; 

b) p-glycoprotein could not be detected; 
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c) resistance modifiers did not increase the 
VCR- and DNR-induced cell kill. 

Age 

The youngest « 18 months) and oldest 
children (> 10 years) have a poor prognosis 
compared to patients aged 18 months to 10 
years [8,10-13]. The youngest patients with 
ALL have an increased incidence of the 
earliest stage of precursor B-ALL, the 
cALL~, cfl~ proB ALL [12]. This was also 
true in the present study in which 4/8 
children aged <18 months had proB ALL 
while this phenotype was found in only 3/74 
children aged > 18 months. Cells from 
children <18 months were resistant to Pred 
and DNR. Although four out of five child
ren <18 months had a relatively high LCso 
of >0.9 D/ml for L-Asp, the difference with 
the intermediate age group was not signifi
cant, which might be due to the small 
number of young patients. The oldest group 
of children (>10 years) also showed a 
resistance to Pred. Because the differences 
remained significant when only cALL and 
preB ALL cases were evaluated, the rela
tionship between drug resistance and age 
might be partly independent from the 
immunophenotype. However, in the youn
gest group the member of patients was too 
small to draw a final conclusion. 

Prednisone Resistance 

The most important differences in drug 
resistance, both with respect to phenotype 
and age, were found for Pred. Three groups 
can be distinguished: a group of patients 
whose cells are extremely sensitive to Pred 
with the LCso value <0.1 flg/ml, the mini
mum concentration tested; on the other 
hand a group of patients whose cells are 
extremely resistant to Pred with the LCso 
value> 250 flg/ml, the maximum concentra
tion tested. The third category of patients 
shows an intermediate sensitivity to Pred 
with LCso values between these two cutoff 
points. Of the patients with T-ALL, proB 
ALL and BALL, 41 % are categorized as 
extremely Pred resistant and only 7 % as 
extremely sensitive. Among cALL and 
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preB ALL cases these percentages were 
respectively 5 % and 37 %. Of patients <18 
months, 67 % were extremely resistant and 
0% extremely sensitive. In patients >10 
years, these percentages were respectively 
25 % and 6 % and in the intermediate age 
group respectively 15 % and 47 %. Else
where we showed that ALL children with 
cells extremely sensitive to Pred have the 
best and children with cells extremely resis
tant to Pred have the worst prognosis. Also, 
six of ten relapsed ALL cases were 
extremely resistant and none of ten 
extremely sensitive to Pred, differing signif
icantly from untreated ALL cases [22]. 

The finding that T- and B-ALL are 
relatively resistant to Pred correlates well 
with the fact that the number of glucocor
ticoid receptors differs among the pheno
types with a higher density in cALL and 
preB ALL than in T-ALL and B-ALL 
[24-26]. A low number of receptors usually 
implicates a Pred resistance but high num
bers do not guarantee a response to this 
drug [27-31]. Therefore, studies to Pred 
resistance should incorporate a drug sensi
tivity assay, e.g., the MTT assay because 
this measures cell lysis which is the endpoint 
of all mechanisms of resistance instead of 
only the presence of receptors. 

Conclusion 

The prognostic value of age and immuno
phenotype might at least partly be 
explained by differences in drug sensitivity. 
This has to be confirmed in larger studies. It 
might then be possible to design more 
specific treatment protocols for the diffe
rent risk groups. 

Summary 

Immunophenotype and age have prognos
tic value in childhood acute lymphoblastic 
leukemia (ALL) but it is not known why. In 
84 children with ALL at initial diagnosis we 
studied the correlation between in vitro 
resistance to eight drugs, determined with 
the MTTassay, and immunophenotype and 
age. B-lineage ALL samples (CD19+, 
HLA-DR+) were classified into four diffe-



rentiation stages: proB (CD10-, cytoplas
mic Jl- [CJl-] and surface immunoglobulin 
[ sIg-] ; cALL (CD 10+ /CJl-/sIg-); preB 
(CDlO+or-/cJl+/sIg-); B-ALL (CDlO-/cJl-/
sIg+). cALL cases are known to have the 
best prognosis; proB-, preB- and T-ALL 
cases show a worse and B-ALL the poorest 
prognosis. Patients aged <18 months and 
> 10 years have a poor prognosis compared 
to patients in the intermediate age group. 
Our results showed that cALL and preB 
ALL cells were the most drug sensitive cells 
compared to the other phenotypes. No 
differences were found between cALL and 
preB ALL cases with the exception that 
preB cells were more sensitive to mustine 
and mafosfamide (Maf). Compared to 
cALL and preB ALL cases, T-ALL cases 
were significantly resistant to prednisolone 
(Pred), daunorubicin (DNR) , L-asparagi
nase (L-Asp), cytosine arabinoside (AraC) 
and Maf; proB ALL cases to Pred, DNR, 
L~Asp and 6-thioguanine. The three B
ALL cases were resistant to VCR and DNR, 
which was not due to the multidrug resis
tance phenotype. Two out of three B-ALL 
cases were resistant to Pred. Compared to 
cells from patients aged 18 months to 10 
years, cells from children <18 months were 
more resistant to Pred and DNR; cells from 
children > 10 years were more resistant to 
Pred. We conclude that drug resistance 
patterns differed between different risk 
groups as defined by immunophenotype 
and age, which might at least partly explain 
the reported differences in responsiveness 
to chemotherapy. 
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Drug Resistance in Children with Relapsed Acute Lymphoblastic 
Leukemia* 

R. Pietersl , T. Hong02 , A.H. Loonen I, D.R. HuismansI, H.I Broxterman3 , 

K. Hahlen4, and A.IP. Veerman l 

Introduction 

Nowadays the use of combination chemo
therapy in children with acute lymphoblas
tic leukemia (ALL) results in a complete 
remission rate of more than 95 % . With the 
best currently available treatment, about 
two-thirds of these children will remain in 
continuous complete remission and can 
therefore be considered cured. Patients 
suffering from a relapse, however, have a 
cure rate which is much lower. One of the 
main causes of this poor prognosis is prob
ably a resistance of the leukemic cells to a 
number of drugs used for treatment. At 
present the knowledge of drug resistance in 
childhood ALL is very limited. It is un
known for instance for which drugs resist
ance occurs and which mechanisms are of 
clinical importance. Currently, much atten
tion is given to the multidrug resistance 
(MDR) phenomenon: a resistance to vincra 
alkaloids and anthracyclines, mediated by 
the drug efflux pump p-glycoprotein (-gp), 
which can at least be partially overcome by 
so-called resistance modifiers. Recently, we 
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and others adapted and improved assays to 
detect drug resistance of leukemic cells 
obtained from patients showing good corre
lations between in vitro results and clinical 
response to chemotherapy [1-8]. Because 
of the development of these short-term 
assays it has recently become possible to 
study drug resistance of patients with ALL. 
In the present study we assessed the resist
ance profiles of children with relapsed ALL 
and the clinical relevance of the MDR 
model in these patients. 

Materials and Methods 

Leukemic cells were obtained from bone 
marrow and peripheral blood samples 
taken for routine diagnostic procedures. 
Preparation of mononuclear cell suspen
sions and drug solutions have been 
described earlier [8]. In most cases, cells 
were used after cryopreservation. Patients 
with B-cell ALL characterized by the 
expression of surface immunoglobulins 
were excluded from the study. The percent
age of malignant cells was 90.4 % ± 8.9 % 
(range, 65 %-100 %) and was not different 
between samples from untreated and 
relapsed ALL patients. Drug sensitivity 
was determined with the 4-day MTT assay 
as described earlier [8]. Briefly, 96-well 
microculture plates contained 100 [ll cell 
suspension with 6 duplicate concentrations 
of the following drugs: 6-thioguanine (6-
TG, 1.56-50 [lg/ml); vincristine (VCR, 
0.05-50 [lg/ml); prednisolone (Pred, 
0.08-250 [lg/ml); daunorubicin (DNR, 
0.002-2.0 [lg/ml); mafosfamide (Maf, 

321 



0.10-100 !!g/ml) , cytosine arabinoside 
(Ara-C, 0.0024-2.5 !!g/ml), mustine HCI 
(Must, 0.16-500 !!g/ml); L-asparaginase 
(L-Asp, 0.003-10 IU/ml). Untreated con
trol cells were set up in sextuplicate. After 
incubation in a humidified incubator in 5 % 
CO2 for 4 days at 37°C, 10 !!l MIT solution 
was added for 6 h. MIT is reduced to a 
colored formazan by living but not by dead 
cells. The formazan crystals were dissolved 
with 100 !!l acid isopropanol. The optical 
density (OD) was measured with a micro
plate reader at 540 nm. The OD is linearly 
related to cell number. Leukemic cell survi
val (LCS) was calculated by the equation: 

LCS = (OD treated well/mean OD con
trol wells) x 100%. 

The LC50 is the drug concentration lethal to 
50 % of the cells. 

The effects of the resistance modifiers 
cyclosporine A (CsA; 2 !!g/ml), verapamil 
(Vp; 5 !!g/ml) and lidocaine (40 !!g/ml) upon 
leukemic cell kill by VCR and DNR were 
tested using the MIT assay. Accumulation 
studies were carried out with a radiochem
ical method as described elsewhere [9]. 
p-Glycoprotein staining of cytospun leu
kemic cells was done with the monoclonal 
antibodies C219 and JSB-1 using the Histo
stain-SP kit as described previously [10]. 

The Wilcoxon matched-paris signed
ranks test and the Mann-Whitney U test 
were used for two-tailed testing at a level of 
significance of 0.05. 

Results and Discussion 

Patient characteristics of the relapsed 
patients are shown in Thble 1. Drug sensi
tivity profiles were evaluable in 41 
untreated and 11 relapsed ALL patients. 
The LC50 values for DNR, VCR, Pred and 
L-Asp are shown in Fig. 1. Relapsed 
patients were significantly more resistant to 
6-TG, Pred, DNR, Ara-C, Must, and Maf 
but not to VCR and L-Asp than untreated 
patients (Table 2). This suggests that L-Asp 
and VCR are not involved very often in 
drug resistance in children with relapsed 
ALL. 

Since for some drugs the LC50 values of 
untreated patients show a nonparametric 
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Table 1. Characteristics of relapsed ALL 
patients 

Patient Comments 
No. 

Rl Second BM relapse of T-ALL 
R2 First BM relapse of T-ALL 
R3a Third BM testis and lymph node re

lapse of cALL 
R3b Fourth BM relapse 2 years after third 

relapse 
R4 Third BM relapse of cALL 
R5 First BM relapse of cALL 
R6 Second BM relapse of cALL 
R7 First BM relapse of T-ALL 
R8 Third BM and CNS relapse of cALL 
R9 First BM relapse of mixed lineage 

ALLlANLL 
RlO Second BM relapse of cALL 
Rll First BM relapse of cALL 
R12 Sixth BM relapse of cALL 
R13 Fourth BM and CNS relapse of cALL 
R14 First CNS relapse of T-ALL 
R15 First BM and CNS relapse of cALL 
R16 Third BM relapse of T-ALL 
R17 Second BM relapse of T-ALL 

BM, bone marrow; CNS, central nervous sys
tem; CR, complete remission 

distribution (see, e.g., the Pred data in Fig. 
1) the mean and standard deviations are less 
adequate parameters to describe these 
data. This problem can be circumvented by 
using percentiles. For example, a sample in 
the 90th percentile (P90) means that this 
sample is more resistant than 90 % of all 
samples tested. Using the P90 of untreated 
patients as the cutoff point of resistance, 
the resistance profiles of individual relapsed 
patients are presented in Table 3. Some 
patients (R3b, R7, R9) are resistant to 
almost all drugs tested while others (R1, 
R2, R8, RlO, R12, R15, R16, R17) are 
resistant to only one to three drugs. This 
suggests that for some patients combina
tions of effective antileukemic drugs might 
be composed while this is not possible for 
those with a general resistance. On the 
other hand, the large overlaps in the ranges 
of LC50 values of untreated and relapsed 
patients might illustrate the fact that resist
ance of leukemic cells to anticancer drugs is 
only one of the factors contributing to the 
poor prognosis in relapsed leukemia. Inter-
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Fig.la-d. LC,o values of cells from untreated and relapsed ALL patients, given in micrograms per 
milliliter for DNR, VCR, and Pred and in international units per milliliter for L-Asp 

Table 2. LC50 values of cells from newly diagnosed. initial patients (n = 41) and relapsed patients (n = 

11) given in micrograms per milliliter with the exception of values for L-Asp, which is given in 
international units per milliliter. In some cases the LCso is higher than the highest concentration of a 
drug tested or lower than the lowest concentration tested 

Median Range Range 
Drug initial relapse initial relapse P 

6-TG 4.4 11.9 1.6-14.9 4.7-16.1 .0004 
AraC .131 .460 .016-1.188 .114-2.500 .002 
Asp .177 .500 .003-10.000 .033-8.590 .091 
DNR .115 .363 .002-.895 .075-.910 .030 
Maf 4.4 24.0 .5-50.0 13.1-54.4 .002 
Must 22.2 90.3 1.1-87.0 16.2-198.4 .002 
Pred .3 250.0 .1-250.0 .2-250.0 .002 
VCR 2.80 3.30 .30-50.0 .75-41.0 .358 
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Table 3. Resistance profile of individual ALL patients 

Patient No. 6-TG AraC L-Asp DNR VCR Pred Maf Must 

Rl s R s s s s R R 
R2 R R s s R s s 
R3b R R R R R R R 
R7 R R s R R R R 
R8 R s s s s R R 
R9 R R s R s R R R 
RlO s s R s 
R12 s s s R s 
R15 R s s (R) s 
R16 s s s R (R) s 
R17 s R R R 

R, LC,o value >P90 of untreated ALL patients; s, LC", value <P90 of untreated ALL patients; 
-, not evaluable 

patient pharmacokinetic variabilities are 
clearly related to the probability of oncolyt
ic effects [11]. 

We studied several aspects of the MDR 
model: 
1. Cross-resistance to vinca alkaloids and 

anthracyclines. As shown above the 
group of relapsed patients was signifi
cantly more resistant to DNR but not to 
VCR than the group of untreated ALL 
patients. Looking at individual cases 
(Table 3), a resistance to both VCR and 
DNR was found in two patients (R3b 
and R7) while in two others (R9, R16) 
cells were resistant to DNR but not to 
VCR. In all four cases, however, this was 
associated with resistance to other drugs 
which are not involved in the MDR 
model. 

2. p-Glycoprotein expression. p-Glycopro
tein staining was performed on cells 
from 28 untreated and 14 relapsed ALL 
samples (Rl-3b, R7, R9-17). Cells from 
the positive control cell line 8226/Dox4, 
stained simultaneously, were clearly p-gp 
positive. All 42 cases, including the 4 
patients who showed an in vitro resist
ance to DNR and VCR, were p-gp 
negative. This is in accordance with three 
recent studies that made clear that p-gp 
is infrequently found in childhood initial 
and relapsed ALL [12-14]. 

3. Resistance modifiers. Results of testing 
resistance modifiers were evaluable in 12 
untreated and 8 relapsed samples. CsA 
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alone decreased LCS to 88 % ± 38 % 
(mean ± SD), Vp tD 96 % ± 12 % and 
lidocaine to 96 % ± 13 %. Figure 2 
shows the ALL cell kill by combinations 
of resistance modifiers and cytostatic 
drugs corrected for the effect of the 
resistance modifiers alone. Addition of 
modifiers did not lead to a significantly 
increased cell kill by VCR and DNR. 

Verapamil did not enhance DNR accu
mulation in ALL cells (mean 96.4 %, range 
83 %-108 %; n = 10) while VCR accumula
tion was increased to a mean of 125 % 
(range 81 %-168%). Cells from case R3b 
which were highly resistant to VCR (LCso = 

41.0 [lg/ml) and DNR (LCso = 0.91 [lg/ml) 
did not accumulate less VCR or DNR than 
cells from nine other cases. Also, in this 
case, DNR and VCR accumulation and 
cytotoxicity were not influenced by resist
ance modifiers. 

Altogether, these finding indicate that 
DNR and VCR resistance in children with 
relapsed ALL is not due to the mechanism 
of classic MDR but to other still unknown 
mechanisms. This is in accordance with the 
finding that decreased uptake and retention 
of vincra alkaloids and anthracyclines are 
not the only factors accounting for resist
ance to these classes of drugs [14, 15]. 
Diversion to some cellular compartment 
might playa role. Changes in topoisomer
ases or disturbed intracellular drug distribu
tions are other possible explanations. 
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Conclusions 

We conclude that children with relapsed 
ALL show varying types of drug resistance. 
Notwithstanding the fact that large interin
dividual differences exist in degree of resist
ance and number of drugs to which a 
resistance is detected, significant diffe
rences between relapsed and untreated 
patients were found in sensitivity to DNR, 
6-TG, Pred , Ara-C and alkylating drugs but 
not in sensitivity to VCR and L-Asp. DNR 
and VCR resistance in childhood relapsed 
ALL is not due to p-gp-mediated MDR 
which is not an important mechanism of 
drug resistance in these patients. Future 
studies on clinical drug resistance in ALL 
should not only focus on p-gp expression 
but should incorporate data of in vitro drug 
sensitivity testing because this measures the 
end result of all mechanisms of drug resist
ance. 

Summary 

Different aspects of drug resistance were 
studied in 17 children with relapsed acute 
lymphoblastic leukemia (ALL). The in 
vitro sensitivity profile was determined 
using the MIT assay. Cells from relapsed 
children were significantly more resistant to 
6-thioguanine , prednisolone, cytosine ara
binoside, daunorubicin (NR), mustine-HCl 
and mafosfamide but not to L-asparaginase 
and vincristine (VCR) than cells from 41 
children with ALL at initial diagnosis . 
Some relapsed patients showed a general 
drug resistance while others were resistant 
to only one to three drugs. Resistance to 
anthracyclines and vinca alkaloids in child
hood relapsed ALL appeared not to be due 
to p-glycoprotein-mediated multidrug re
sistance. 
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Sensitivity of Childhood Acute Lymphoblastic Leukemia Cells to 
Prednisolone and Dexamethasone Assessed by the MIT Assay* 

G.J.L. Kaspersl, R. Pieters l, C.H. Van Zantwijkl, F.c. De Waall.2, E.R. Van Wering2, 
and A.J.P. Veermanl.2 

Introduction 

Glucocorticoids like predniso(1o )ne and 
dexamethasone are well known for their 
antileukemic activity, especially in acute 
lymphoblastic leukemia (ALL). Several 
groups have investigated the sensitivity of 
malignant lymphoid cells to glucocorticoids 
(GCs) and possibilities to predict this sen
sitivity. Special attention was given to the 
correlation between GC receptor numbers 
and sensitivity to these drugs, with conflict
ing results [1-4]. The clinical response to an 
initial prednisone (PRD) monotherapy was 
shown to have prognostic value in child
hood ALL, firstly in small patient-groups 
[3,5], later in the large BFM-ALL 83 study 
[6]. Differences in GC sensitivity might be 
important to consider in the design of an 
optimal treatment for each individual. In 
vitro sensitivity testing is an attractive 
method to investigate these differences. 

It is generally assumed that the treatment 
results are not influenced by the specific GC 
used, PRD or dexamethasone (DXM) , pro
vided PRD is given in about sevenfold 
higher dosages. This assumption is not 
based on studies which compared the anti
leukemic potency of these GCs, but rather 
their anti-inflammatory effects. Moreover, 
the factor seven was not found in several of 
these studies [7, 8]. To the best of our 

1 Department of Pediatrics, Free University Hos
pital, De Boelelaan 1117, 1081 HV Amsterdam, 
The Netherlands 
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knowledge only two studies have compared 
the antileukemic effects of PRD and DXM 
[9, 10]. Even though "equivalent" dosages 
were used, treatment results were not iden
tical with PRD and DXM. 

We recently started a nationwide, pro
spective study in which the GC sensitivity in 
childhood ALL at initial diagnosis is inves
tigated. In vitro sensitivity is determined 
with the short-term MIT assay. The results 
of this efficient and reliable assay have 
clinical relevance [11-15]. We report and 
discuss the results of the first 75 patients of 
this study regarding the in vitro sensitivity 
to PRD and DXM, with special attention 
given to the interindividual differences in 
GC sensitivity and the comparison of the 
antileukemic potency of these GCs. 

Materials and Methods 

Bone marrow (BM) or peripheral blood 
(PB) samples from 75 children with ALL at 
initial diagnosis were obtained from the 
laboratory of the Dutch Childhood Leu
kemia Study Group (DCLSG) for in vitro 
drug sensitivity testing. At the DCLSG 
laboratory immunophenotyping was done 
as described [16]. The MTT assay was 
successful in 60 out of the 75 (80 % ) 
patients, and in 57 cases PRD and/or DXM 
were successfully tested, cases and results 
which will be the subject of further discus
sion. There were 39 BM samples, with 92 % 
± 5 % (mean ± SD) leukemic cells after 
isolation, and 19 PB samples with 90 % ± 
6 % leukemic cells. The sample source, BM 
or PB, does not significantly influence test 
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results [17]. Sex was equally distributed 
(52 % male), and most children were 
between 2 and 6 years old at diagnosis. The 
median white blood cell count was 24.9 
(range, 2.5-729) x 109/1. Of 55 cases with 
known immunophenotypes there were 43 
with precursor B-ALL, 1 with B-ALL, and 
11 with T-ALL. 

The MTT assay was done as described 
[13]. Briefly, 80 I-li cell suspension (2 x 106 

cells/ml) was added to wells of 96-well 
microculture plates, already containing 20 
I-li drug solution. Prednisolone disodium 
phosphate, dissolved in saline, and dexame
thasone disodium phosphate, obtained in 
soluble form, were provided by our hospital 
pharmacy. Both GCs were tested in six 
concentrations in duplicate, PRD from 0.06 
to 187.5 (later 0.05-1500) I-lg/ml, DXM 
from 0.0003 to 0.8 (later 0.0002-6) I-lg/m1. 
These concentrations refer to those of pure 
prednisolone and pure dexamethasone. The 
plates were incubated for 4 days at 37°C. 
Then MTT was added and the plates were 
incubated for another 6 h. The formed 
formazan crystals were dissolved with iso
propanolol and the optical density (OD) of 
each well was determined using a spectro
photometer (Titertek Multiskan MCC 
340). The OD is linearly related to the cell 
number [13]. The LCso , the drug concentra
tion lethal to 50 % of the cells as compared 
to the control cell survival, was calculated 
from the dose-response curve and was used 
as a measure of in vitro drug sensitivity. 

Wilcoxon's ranking test for unpaired data 
was used for two-tailed testing at a level of 
significance of p <.05. Correlation was 
expressed by the Spearman's rank correla
tion coefficient Rs. 

Results 

Dose-response curves were obtained in 
most cases. In the first samples tested a 
50 % cell kill was frequently not reached. 
Therefore, the highest concentrations of 
both PRD and DXM were increased as 
described. There were marked differences 
in sensitivity to both PRD and DXM (Table 
1). The LCsll values for PRD (n = 56) ranged 
from <0.05 to > 1500 I-lg/ml, those for DXM 
(n = 48) form <0.0002 to >6 I-lg/ml (Fig. 1). 
The median LCsll values were 1.38 I-lg/ml 
and 0.061 I-lg/ml for PRD and DXM respec
tively. In two precursor-B cases a growth 
stimulation was noted with both PRD and 
DXM. GC sensitivity was not correlated 
with sex or FAB classification (data not 
shown). The influence of age and immuno
phenotype on GC sensitivity is described 
elsewhere [14]. There was a significant (p 
<.01) correlation (K = 0.89) between 
sensitivity to PRD and DXM (Fig. 2). The 
antileukemic potency of PRD compared to 
that of DXM, expressed as the ratio of their 
respective LCso values, also showed large 
differences (Fig. 3). In each case DXM was 
more potent than PRD and in 27/30 cases 
DXM was more than tenfold as active. 

The ratios ranged in 30 cases from 4 to 
more than 5000, with a median of 38 (Table 
1). In the remaining 17 cases in which both 
PRD and DXM were tested successfully, no 
ratio could be calculated because one or 
both LCso values were outside the concen
tration range (if both, always at the same 
end of the range). 

Table 1. In vitro sensitivity to prednisolone (PRD) and dexamethasone (DXM) in childhood ALL at 
initial diagnosis assessed by the MTT assay 

PRD 
DXM 
PRD/DXM ratio 

LC50 values (flg/ml) and individual LC50 ratios 
Range Median Number of samples 

<0.05->1500 
<0.0002->6 
3.6-5208.8 

1.38 
0.0608 
37.7 

56 
48 
30 

* For the remaining samples the ration could not be calculated, because one on both LCso values 
were outside the concentration ranges tested. 
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Fig. 1. LCoo values of prednisolone 
(PRD, n = 56) and dexamethasone 0.1 
(DXM, n = 48) for 57 cases of 
childhood ALL at first diagnosis. 
Arrows indicate LCoo values outside 0.01 
the concentration ranges tested 
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Fig. 2. Cross-sensitivity between PRD and 
DXM in 47 childhood ALL cases. Arrows 
indicate LCoo values outside the concentration 
ranges tested 

Discussion 

In connexion with a nationwide, prospec
tive study about clinical and in vitro GC 
sensitivity in childhood ALL at initial diag
nosis, we assessed in vitro sensitivity to 
PRD and to DXM in 75 cases. The short
term, colorimetric MIT assay was used for 
this purpose. The results show large diffe
rences in sensitivity to both PRD and DXM 
(Fig. 1, Table 1), in agreement with the 
clinical experience [3, 5, 6]. We previously 
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showed that high-risk groups as defined by 
immunophenotype (ProB- and T-ALL) and 
age (children younger than 1.5 years or 
older than 10 years) are relatively resistant 
to PRD [14]. Furthermore, in vitro PRD 
resistance at diagnosis correlated with a 
relatively poor prognosis [15]. Good corre
lations have been reported between in vitro 
and in vivo GC sensitivity [1, 4, 18], 
although others could not confirm this 
[2]. 

Our results with respect to the in vitro 
antileukemic activity of DXM compared to 
that of PRD show marked interindividual 
differences (Fig. 3). However, DXM was 
always more potent than PRD, in 27/30 
cases even more than tenfold more potent. 
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Fig. 3. The individual ratios of the LCso values 
for prednisolone and dexamethasone in 30 child
hood ALL cases. The range is 3.6-5029 
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The median antileukemic potency of DXM 
was 38 times as high as that of PRD. It is 
generally assumed that PRD and DXM are 
GCs with identical antileukemic activities, 
if PRD is given at sevenfold higher dosages. 
This assumption is mainly based on studies 
investigating the anti-inflammatory effects 
of these GCs. 

Although several times DXM was shown 
to be four to ten times as potent as PRD [19, 
20], others found quite different ratios, 
e.g., with DXM being 39 [7] and even 67 [8] 
times as potent as PRD. Two clinical studies 
have specifically investigated the antileu
kemic activities of PRD and DXM in so
called equivalent doses, 40 mg/m2 and 6 
mg/m2 every day respectively [9, 10]. Jones 
et al. [9] reported a significant reduction in 
CNS relapses, but not in BM relapses and 
deaths, when DXM was substituted for 
PRD in the treatment of childhood ALL. 
The Dutch ALL-VI study in which DXM 
was used was preceded by a pilot study in 
which PRD was used, the only difference 
between both protocols. The DXM-related 
toxicity was more pronounced than that of 
PRD. The treatment results with DXM 
seem to be better than with PRD, but 
longer follow-up is necessary for an appro
priate comparison [10]. 

We conclude that it is possible to deter
mine the in vitro sensitivity to PRD and 
DXM in childhood ALL, using the MTT 
assay. This sensitivity varies markedly, var
iance which has been reported to have 
clinical significance. The in vitro antileu
kemic activity of DXM is a median of 38 
times as high as that of PRD, which con
trasts to the generally assumed factor of 7. It 
would be interesting to compare the anti
leukemic potencies of PRD and DXM in 
childhood ALL, e.g., randomized as an 
initial monotherapy for 1 week. Our results 
suggest that in order to achieve optimal 
treatment with these drugs of each child 
with ALL, differences in GC sensitivity 
must be taken into account. In vitro drug 
sensitivity results could be very helpful in 
treatment modifications. 
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Correlation of In Vitro Drug Resistance Assessed by the MTT 
Assay with Long-Term Clinical Outcome in Childhood Acute 
Lymphoblastic Leukemia* 

R. Pieters', D.R. Huismans', A.H. Loonen', K. Hahlen2.3, 
A. van der Does-van den Berg\ E.R. van Wering\ and A.1.P. Veermanl.3 

Introduction 

Clinical forms and mechanisms of drug 
resistance in childhood acute lymphoblastic 
leukemia (ALL) are poorly characterized. 
No studies have been reported on the 
relationship between initial chemosensitivi
ty and final clinical outcome in ALL 
patients, most probably because of the lack 
of suitable in vitro assays. We recently 
reviewed the use of different assays in 
leukemic patients [1]: Clonogenic assays 
are not suitable for testing samples from 
patients with ALL. The short-term dye 
exclusion or differential staining cytotoxici
ty (DiSC) assay showed favorable clinical 
correlations and can be used in ALL 
patients but is too laborious for large-scale 
patient studies. We and others adapted the 
efficient MTTassay to study chemosensitiv
ity in samples of leukemic patients and 
showed that the results of MTT and DiSC 
assays are comparable [1]. The MIT assay 
was found to predict initial response to 
chemotherapy in AML patients and to 
detect acquired drug resistance in ALL and 
AML patients. In this report we used the 
MTT assay to study the relation between 
drug sensitivity at initial diagnosis and the 
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long-term clinical outcome in children with 
ALL. 

Materials and Methods 

Bone marrow or peripheral blood cells from 
42 children with ALL at initial diagnosis 
who obtained complete remission were 
used. Standard risk patients were treated 
according to protocols of the Dutch Child
hood Leukemia Study Group (DCLSG). 
High-risk patients, i.e., those with white 
blood cell counts (WBC) >50 X 109/1, 
mediastinal enlargement and/or initial cen
tral nervous system leukemic involvement, 
were treated according to different insti
tutional protocols. All patients were treated 
with prednisone, vincristine, L-asparagi
nas, 6-mercaptopurine, methotrexate, and 
in most cases with anthracyclines. 

Isolation and immunophenotyping of 
leukemic cells were done as described 
before [2]. Mature B-ALL samples with 
immunoglobulins on their cell surface were 
excluded. Most samples were tested after 
cryopreservation in liquid nitrogen, which 
does not alter drug sensitivity [3]. The 
median percentage malignant cells was 
95 % (range 66 % -100 % ). In vitro drug 
sensitivity was assessed with the MTTassay 
as described elsewhere [2]. Briefly, 96-well 
microculture plates contained 100 fA,1 cell 
suspension with six duplicate concentra
tions of the following drugs: 6-thioguanine 
(6-TG, 1.6-50 fA,g/ml); vincristine (VCR, 
0.05-50 fA,g/ml); prednisolone (Pred; 
0.1-250 fA,g/ml); daunorubicin (DNR, 
0.002-2 fA,g/ml); I-asparaginase (L-Asp; 



0.016-10 IU/ml). Because of the instability 
of 6-mercaptopurine (6-MP) in vitro the 
results of 6-TG instead of 6-MP were ana
lyzed [2]. Untreated control cells were set 
up in sixfold. After incubation in a humid
ified incubator in 5 % CO2 for 4 days at 
37°C, 10 f,ll MTTsolution was added for 6 h. 
MTT is reduced to a colored formazan by 
living but not by dead cells. The formazan 
crystals were dissolved with 100 f,ll acid 
isopropanol. The optical density (aD) was 
measured with a microplate reader at 540 
nm. The aD is linearly related to cell 
number. Leukemic cell survival (LCS) was 
calculated by the equation: 

LCS = (aD treated well/mean aD con
trol wells) x 100 %. 

The LCso is the drug concentration lethal 
to 50 % of the cells. 

The chi2-test and the Mann-Whitney U 
test were performed at a two-sided signifi
cance level of 0.05. The Kaplan Meier 
method was used to estimate curves, which 
were compared with the logrank test at a 
one-sided significance level of 0.05: The 
null hypothesis is that the clinical outcome 
is equally good in the in vitro sensitive 
group and the in vitro resistant group; the 
alternative hypothesis is that the clinical 
outcome is poorer in the resistant group. 

Results 

The median and range of LCso values are 
shown in Table 1. The results of the MTT 
assay were correlated with the clinical out
come. The median follow-up time was 49 
months (range, 3-178 months). 

Vincristine and L-asparaginase. Irrespec
tive of the chosen cutoff point of sensitivity 

versus resistance, VCR-resistant and L
Asp-resistant cases did not have a lower 
probability of continuous complete remis
sion (CCR) than respectively VCR-sensi
tive and L-Asp-sensitive cases (Fig. 1 a, 
b). 

6-Thioguanine. If 5 f,lg/ml was taken as 
the cutoff point between 6-TG sensitivity 
and resistance, patients with 6-TG resi
stance had a significantly lower probability 
of CCR (p <.01) than patients sensitive to 
6-TG (Fig. lc). Organomegaly, age, and 
immunophenotype did not differ between 
both groups but the proportion of boys and 
the white blood cell count (WBe) were 
higher in the 6-TG-resistant group. After 
stratification for sex and WBC, the prog
nostic value of 6-TG resistance was still 
significant (p<.04). 

We studied whether leukemic cells from 
boys and girls differed in drug resistance. 
No significant differences were found if all 
phenotypes were analyzed but among 
patients with precursor B-ALL boys (n = 

21) were significantly more resistant to 
6-TG (p = .037) than girls (n = 13) but not 
to VCR, DNR, Pred, and L-Asp. 

Prednisone. In some cases the LCso 
values were higher than the maximum con
centration tested (250 Ilg/ml) while in oth
ers the LCso values were lower than the 
minimum concentration tested (O.lllg/ml). 
The four patients with LCso > 250 Ilg/ml 
had a lower probability of CCR (p <.01) 
than the 28 patients with LCso values <250 
f,lg/ml. Significant differences were also 
found if the cutoff point was lowered to 150 
f,lg/ml (p <.01; fig. Id). WBC, age, sex, 
immunophenotype and organomegaly were 
equally distributed between Pred sensitive 
and resistant groups. The tendency for a 

Table 1. In vitro drug sensitivity data represented by Leso values (micrograms per milliliter; for 
L-asparaginase in units per milliliter) of cells from children with ALL who obtained a complete 
remission 

Drug 

Vincristine 
Prednisone 
Daunorubicin 
L-Asparaginase 
6-Thioguanine 

Leoo Median 

3.91 
0.4 
0.131 
0.213 
4.9 

Leoo Range 

0.3-50.0 
0.1-250.0 
0.002-0.895 
0.016-10.000 
1.6-17.9 

N 

38 
32 
32 
29 
36 
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Fig.la-e. Relation between in vitro resistance to vincristine (a), L-asparaginase (b), 6-thioguanine 
(c), prednisone (d), and daunorubicin (e) and probability of continuous complete remission (CCR) in 
children with ALL. Patients are divived into drug-sensitive and drug-resistant groups based on the 
indicated LCso values as cutoff points. 

poorer prognosis going from the most sen
sitive group (LCso <0.1 "",g/ml) via the 
intermediate group (LCso 0.1-150 or 
0.1-250 "",g/ml) to the most resistant group 
(LCso > 150 or 250 "",g/ml) was significant (p 
<.05; Fig. Id). 

Daunorubicin. If patients treated with 
anthracyclnes were divided into a DNR
sensitive and -resistant group by the cutoff 
point of 0.150 "",g/ml, the probability of 
CCR (Fig. 1 e) was significantly lower in the 
DNR-resistant group (p <.02). Sex, orga-
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nomegaly, immunophenotype, age, and 
WBC were comparable between both 
groups. 

Discussion 

Although clonogenic assays have long been 
considered to be the gold standard for in 
vitro chemosensitivity testing, short-term 
assays have been proven to be at least as 
valuable for the clinical situation of leu-
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kemic patients [1, 3-5]. The present study 
uses the short-term MIT assay and is the 
first that correlates chemosensitivity with 
long-term clinical outcome in ALL pa
tients. In vitro sensitivity to Pred appeared 
to be of prognostic value in childhood ALL. 
The prognosis worsened with a decreasing 
sensitivity of the cells to Pred. Patients 
whose cells were extremely resistant to Pred 
with the LC50 close to or higher than the 
maximum concentration tested had the 
poorest prognosis. This is in agreement with 
the findings of Riehm et al. [6], who showed 
that children with a poor response to 1 week 
monotherapy with prednisone have a poor
er final clinical outcome than those with a 
good response to prednisone. Thus, cellular 
resistance to Pred seems to be a very 
important factor in the failure of response 
to chemotherapy in childhood ALL. 

Patients whose cells were relatively re
sistant to 6-TG had a poorer prognosis than 
patients whose cells were 6-TG sensitive, 
suggesting that also cellular resistance to 
thiopurines has clinical implications in 
childhood ALL. Among the precursor B
ALL cases, cells from boys were more 
resistant to 6-TG than cells from girls, which 
is in concordance with the fact that cells 
from boys were found to form less 6-
MP-derived cytotoxic nucleotides than cells 
from girls [7]. This suggests that a relative 
resistance to thiopurines might be part of 
the reason why in some studies boys have a 
poorer prognosis than girls. 

Also DNR resistance appeared to be of 
prognostic value in childhood ALL. 
Although large interindividual variations in 
VCR- and L-Asp sensitivity were found, no 
correlation could be detected between in 
vitro sensitivity to these drugs and clinical 
outcome. This should not be interpreted as 
an indication that both drugs are of limited 
value in the treatment of childhood ALL. It 
might be that clinical resistance to these 
drugs is relatively uncommon. Elsewhere 
we showed that VCR and L-Asp were the 
only two drugs for which children with 
relapsed ALL were not more resistant than 
children with newly diagnosed ALL [3]. 

Many prognostic factors have been 
recognized in childhood ALL such as sex, 
age, and immunophenotype but the basis 
for this prognostic value is not understood. 
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Studying the prognostic value of in vitro 
drug sensitivity assays might lead to the 
recognition of a causal prognostic factor 
directly accounting for reported differences 
in prognosis. The present study gives evi
dence that cellular drug resistance is indeed 
a prognostic factor in childhood ALL. The 
patients in this study have been treated 
according to different protocols and have a 
relatively low overall 5 years CCR percen
tage (±50 % ), which can be explained by 
the high proportion of patients with a high 
WBC. A prospective study with larger 
numbers of patients treated according to 
one protocol is underway but will take 
many years. Also, we have to realize that 
oncolytic effects depend on two factors: In 
the first place the amount of effective drug 
that reaches the cells which is determined 
by pharmacokinetic parameters [8] and in 
the second place the cellular resistance to 
anticancer drugs. Both factors have to be 
taken into account to analyze the clinical 
response to chemotherapy. 

We conclude that the highly efficient 
short-term MIT assay can be used to pre
dict long-term response to chemotherapy in 
children with ALL: In vitro resistance to 
Pred, 6-TG and DNR was correlated to a 
poorer prognosis and may therefore 
account for the poor clinical outcome in 
part of the children with ALL. In vitro 
resistance to VCR and L-Asp was not 
related to clinical outcome. 

Summary 

The in vitro sensitivity to chemotherapeutic 
drugs at initial diagnosis was correlated 
with the long-term clinical outcome in 
children with acute lymphoblastic leukemia 
(ALL). The short-term MTTassay was used 
to assess sensitivity to prednisolone (Pred), 
vincristine (VCR), L-asparaginase (L
Asp), daunorubicin (DNR) , and 6-thio
guanine (6-TG) in 42 children with ALL. 
VCR- and L-Asp-resistant patients did not 
have a poorer outcome in terms of proba
bility of continuous complete remission 
(CCR) than their sensitive counterparts. In 
vitro resistance to 6-TG, Pred, and DNR 
were correlated to a lower probability of 
CCR. 
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Prognostic Significance of Exposure to Intermediate-Dose 
Methotrexate in Children with Standard Risk ALL: 
The COALL 82/85 Experience 

Jurgens HI, G. Janka2, M. Ibrahim l , C. Tonert2, K. Winkler2, and U. GobeP 

Methotrexate is being widely used in doses 
ranging from 500 to 2000 mg administered 
as prolonged infusion over 12-36 h fol
lowed by leucovorin rescue to consolidate 
remission of acute lymphoblastic leukemia 

I Pediatric Hospital, Department of Hematology 
and Oncology, Heinrich Heine University, Di.is
seldorf, FRG, present address: 
Pediatric Hospital, University of Mi.inster, 
Albert-Schweizer-StraBe 33 
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[PRED 60 mg/m2 /i] 
._------------

VCA l l l l 1.8 mg/~ 

DNA l I I I 36 mg/m 2 

ASP 
45000 U/m2 UU 
MTX ith t t 
mHDMTX/ CF 
500 mg/m2 I 
AAA-C 

[1-4]. There is evidence that prolonged 
duration of exposure to methotrexate has a 
positive impact on the length of remission 
of ALL. Patients with a rapid systemic 
clearance of methotrexate have a higher 
risk of relapse [5-7]. 

In the COALL 82 and 85 studies induc
tion with vincristine, prednisone, and dau
norubicin was followed by consolidation 
with asparaginase, intermediate-dose me
thotrexate, and cytosine arabinoside (Fig. 
1). Intermediate-dose methotrexate was 
administered as 24-h infusion of 500 mg/m2, 
followed by three oral doses of 15 mg/m2 
leucovorin. This regimen was given to stan
dard risk patients, defined as patients 1-10 
years of age with c-ALL and peripheral 
white blood cell count below 25 OOO/!!l. The 
induction/consolidation regimen was com
plemented by CNS prophylaxis with intra
thecal methotrexate and cranial irradiation 
in patients with a peripheral leukocyte 
count above 5000/!!l. Maintenance therapy 

t t t t t t 
l l CNS-RX 

18 Gy 

un uu uu .... 
Lv.: 90 mg/m 2 

[ 6MP 75 mg/m 2/d I [6MP 75mg/m 2/d I 

2 3 4 5 6 

WBC .5 25/nl. c-ALL. ( 10 years 
COALL 82: 4x(4xAAA-C) 

7 8 9 10 11 12 13 14 15 

weeks 

Fig. 1. COALL 82 and COALL 85 treatment regimen for standard risk ALL patients: children 
between 1 and 10 years of age, c-ALL, UBC < 25000/ltl 
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Fig. 2. Kaplan-Meier event-free survival of standard risk patients treated according to the COALL 80 
protocol compared to patients treated according to the COALL 82 and 85 protocols. In COALL 80, 
cyclophosphamide 1200 mg/m2 and reinduction 

consisting of daily 6-mercaptopurine and 
weekly methotrexate was then adminis
tered for a total length of 24 months 
treatment from initial diagnosis [8]. 

Since disease-free survival of standard 
risk ALL patients treated according to the 
COALL 82/85 protocols had fallen behind 
results obtained for standard risk patients 
with the previous COALL 80 protocol (Fig. 
2) [9], where cyclophosphamide was given 
instead of intermediate-dose methotrexate, 
an investigation was prompted to deter
mine factors that might have influenced this 
outcome. 

Patients and Methods 

The records of 76 standard-risk ALL 
patients, ages ranging from 1 to 10 years, 
median 4,1 years, female to male ratio 
1: 1.1, diagnosed between January 1982 and 
December 1987 were available for review. 
To determine intraindividual differences in 
the handling of methotrexate and leucovo
rin administration, the following paramet
ers were recorded: 
- Serum methotrexate level at 24 h follow

ing the beginning of infusion, calculated 
as the mean of three courses 

- Cumulative administered leucovorin 
dose per square meter body surface area 
(BSA), calculated as the mean of three 
courses 

- Length of exposure to methotrexate 
defined as time from beginning of the 
methotrexate infusion to the first admin
istered dose of leucovorin rescue (time to 
rescue), calculated as the mean of three 
courses 

Results 

As of 1 September 1990, 26/76 patients had 
relapsed. Fourteen patients presented with 
bone marrow relapse, six with CNS relapse, 
one with ovary relapse, two with combined 
bone marrow and CNS relapse, and three 
with combined bone marrow and testicular 
relapse. 

According to the 24-h serum methotrex
ate level, 25 patients had levels below 
5.0 fA,mol/l and 20 patients levels above 
5.0 fA,molll. Kaplan-Meier life table analysis 
showed no significant difference between 
these two groups (Fig. 3). 

With respect to the mean cumulative 
leucovorin dose per course, patients were 
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Fig. 3. Kaplan-Meier event-free survival according to the 24 h serum methotrexate level (mean of 
three courses) in COALL 82 and 85 

grouped into three categories: below 
50 mg/m2, 22 patients, between 50 and 
60 mg/m2, 22 patients, and above 60 mg/m2, 
32 patients. According to Kaplan-Meier 
analysis there were no significant difference 
between these groups; however, there was a 
trend for patients with higher doses to have 
more relapses (Fig. 4). 
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o 
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0,8 

0,6 

I 0,4 

According to time to rescue, 31 patients 
had received the first dose of leucovorin less 
than 43 h from the beginning of the metho
trexate infusion, median 40 h. Forty-five 
patients had received their first dose of 
leucovorin later than 43 h since the begin
ning of the methotrexate infusion, median 
48 h. Kaplan-Meier life table analyses 

0.72:!;0.10 

0.67:!;0.10 

0.51:!;0.10 

a 
p 
s 
e 0,2 

- ( 50 mg/m 2 BSA 

GGR 16/22 

50 - 60 mg/m 2BSA 

GGR 15/22 
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GGR 19/32 
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Fig. 4. Kaplan-Meier event-free survival according to the mean cumulative leucovorin dose/m2 BSA 
(mean of three courses) in COALL 82 and 85 
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Fig.S. Kaplan·Meier event-free survival according to time to rescue (interval between beginning of 
methotrexate infusion and first oral dose of leucovorin; mean of three courses) in COALL 82 
and 85 

showed a significant difference in favor of 
patients with prolonged exposure to metho
trexate (76 % event-free survival) com
pared to patients with shorter duration of 
exposure (42 % surviving event-free (Fig. 
5). 

The increased number of relapses in 
patients with shorter exposure to metho
trexate was mainly due to an increased rate 
of bone marrow relapses (10/17 versus 
4/9). 

Discussion 

Although this investigation is not the result 
of a prospective randomized study, the 
results give evidence that the efficacy of 
intermediate-dose methotrexate correlates 
with the rescue regimen and that early 
rescue might jeopardize the effect of 
methotrexate on leukemic blasts and thus 
influence the quality of remission. These 
findings are in accordance with other pub
lished evidence [7, 10, 11]. Given a hidely 
accepted critical 48 h time threshold of folic 
acid deprivation to prevent severe toxicity 
[12], the optimal length of methotrexate 
infusion beyond 24 h has to be determined 
as well as the optimal rescue regimen 

starting as late as possible and still avoiding 
severe toxicity. 

According to these results, a methotrex
ate dose of 500 mg/m2 should not be 
followed by leucovorin less than 48 h after 
the beginning of the methotrexate infusion. 
Further investigations to optimize the use 
of methotrexate with leucovorin factor res
cue in ALL are strongly advocated. 

Summary 

Delayed plasma elimination of methotrex
ate (MTX) following intermediate-dose 
methotrexate (IDMTX) has been asso
ciated with improved disease-free survival 
(DFS) (Evans et al. 1986). IDMTX is 
widely used in combination chemotherapy 
for ALL to consolidate or maintain remis
sion. Regimens differ in dose, length of 
infusion, hydration, and leucovorin rescue 
regimen. In view of the influence of delayed 
serum elimination, the effect of delayed 
rescue and hence prolonged exposure to 
MTX was retrospectively analyzed in 
patients treated according to the COALL 
82 and 85 protocols, receiving three courses 
IDMTX 500 mg/m2 as 24 h continuous 
infusion as consolidation following induc-
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tion treatment. Standard risk patients only 
were reviewed since their treatment regi
men was not complemented by reinduction. 
Of 76 standard risk ALL patients (c-ALL, 
WBC <25000/1..l1, age range 1-10 years, 
median 3;10 years), 31 patients had 
received the first oral or i.v. dose of leuco
vorin between 38 and 42 h following the 
beginning of the MTX infusion and 45 
patients between 46 and 48 h. Of 26 
relapses, 17 occurred in the group of 31 
patients with shorter MTX exposure and 9 
in the group of 46 patients with prolonged 
exposure. According to Kaplan-Meier life 
table analysis, the difference between 81 % 
EFS and 45 % EFS is significant. Both 
groups are comparable according to age and 
sex distribution, there is, no difference in 
MTX serum levels at 24 and 48 hand 
hydration. It is concluded that in ALL 
delaying the leucovorin rescue following 
IDMTX is essential to ensure optimal effi
cacy of this regimen. 
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Protein Binding of Teniposide In Vitro and in Children with 
Acute Lymphoblastic Leukemia* 

J. D. Borsil, W P. Petros2, 1. H. Rodman2, W. E. Evans2, R. KOOS2, and D. Schuler I 

Background and Objectives 

Teniposide (VM-26) 

Teniposide (VM-26) is an epipodophyllo
toxin anticancer drug, widely used as a 
single agent or in combination for the 
treatment of children with different malig
nancies (acute lymphoblastic leukemia, 
lymphomas, neuroblastoma). It is a phase
specific cytotoxic agent inducing premitotic 
block in the cell cycle by stabilizing the 
DNA-topoisomerase II complex. The dose
limiting toxicity of the drug is myelosup
pression. 

Pharmacokinetics and Clinical Effects 

Several studies have demonstrated a rela
tionship between the systemic pharmacoki
netics and the clinical effects (response and 
toxicity) of VM-26. A significant correla
tion was found between the teniposide area 
under the curve (AVC) and decrease of 
circulating leukemic blasts (Sinkule 1984; 
Rodman JH, 1987), between state concen
trations, systemic clearance, and oncoloytic 
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response or toxicity (mucositis) (Rodman 
JH, 1987). This study also revealed a more 
than tenfold variability of systemic clear
ance, suggesting a similar variability of 
systemic exposure to the drug. 

Plasma Protein Binding 

A number of investigations have indicated 
that substantial interindividual variability 
in protein binding exists for many drugs. 
Pathologic conditions, including cancer, 
kidney or liver disease, or concomitant drug 
therapy have been shown to be major 
sources of this variability. The potential 
importance of these findings is derived from 
the fact that only free (unbound) drug can 
diffuse across biological membranes and 
interact with receptor sites. As only free 
drug is considered pharmacologically ac
tive, changes in protein binding may have 
direct clinical significance. For highly pro
tein bound drugs (>90 % bound), a small 
decrease of the protein-bound fraction 
results in a large increase in the active, free 
drug concentration. 

Plasma Protein Binding 
of Epipodophyllotoxins 

Etoposide (VP-16) is about 94 %, tenipo
side (VM-26) is approximately 99 %, bound 
to plasma proteins. Recent work by Stewart 
et a1. (Stewart CF, 1989) has described 
altered protein binding of teniposide in 
adult cancer patients with abnormal liver 
function tests. In this study, patients with 
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low serum total and/or high total bilirubin 
levels were found to have an increased 
etoposide free fraction. In addition, higher 
systemic clearance of the drug was observed 
in patients with low total protein concentra
tions. The plasma protein binding of teni
poside has not been characterized in child
ren or adults with cancer. 

Primary Objectives of the Study 

1. To characterize the protein binding of 
teniposide in vitro in human plasma 

2. To examine the effect of other antican
cer drugs on the protein binding of 
teniposide in vitro 

3. To evaluate the protein binding of teni
poside in vivo in children with acute 
lymphoblastic leukemia (ALL) 

4. To analyze the effect of low serum total 
protein and/or high serum bilirubin lev
els on the protein binding of teniposide 
in selected samples from heavily pre
treated children with relapsed ALL 

5. To evaluate the effect of low serum total 
protein concentration on the clinical 
manifestation of bone marrow toxicity in 
patients receiving teniposide or etopo
side therapy. 

Patients, Materials, and Methods 

Samples from 17 patients were analyzed. 
Nine patients were in first complete remis
sion (CR) and eight children in second or 
third CR at the time of the study. All 
patients were treated with essentially sim
ilar induction therapy consisting of predni
sone, vincristine, daunomycin, teniposide, 
cytosine arabinoside, and L-asparaginase. 
Teniposide (200 mg/m2) was administered 
i.v. on days 22, 25, and 29 to newly diag
nosed patients, and on days 30, 31, and 32 
to relapsed patients. Relapsed patients also 
received 3 x 200 mg/m2 teniposide in 
weekly intervals prior to the start of the 
reinduction therapy. 

Maintenance therapy for patients in first 
remission consisted of daily 6-mercaptopu
rine and weekly methotrexate interrupted 
every 6 weeks for treatment with either 
high-dose methotrexate or teniposide (200 
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mg/m2 i.v. days 1 and 3) with cytosine 
arabinoside (300 mg/m2 i.v. days 1 and 3). 
Teniposide protein-binding studies were 
performed on samples taken during the first 
2-6 months of maintenance therapy. 

Maintenance therapy of relapsed patients 
(daily 6-mercaptopurine, weekly metho
trexate, and biweekly PEG-asparaginase) 
was interrupted every 7 weeks for pulse 
therapy with 200 mg/m2 i.v. teniposide with 
or without cytosine arabinoside. In these 
patients, teniposide protein-binding studies 
were performed in samples taken during the 
first 2-9 months of maintenance therapy. 

Samples were taken pre-infusion, 1.5, 3.5, 
8, and 24 h following the start of VM-26 
infusion to determine total teniposide con
centrations for calculation of systemic phar
macokinetic parameters of the drug. 

Protein binding of teniposide was studied 
in selected serum samples from the above 
two groups of patients, with a comparable 
total teniposide level in the range of 16-53 
ltg/mi. 

The effect of total protein concentrations 
on the development of bone marrow toxic
ity was studied in 32 children, following 111 
treatments with VM-26 or VP-16. 

In Vitro Studies 

Sample Preparation 

Pooled human plasma samples were spiked 
to achieve teniposide concentrations in the 
range of 10-350 ltg/m!. Cytosine arabino
side (ara-C), mAMSA, or flavone acetic 
acid were added to the samples in concen
trations shown in Figs. 3-4. After repeated 
centrifugation, the samples were left at 
room temperature for 2 h before analysis. 

Binding Studies 

Protein binding of teniposide was studied 
by equilibrium dialysis and/or ultrafiltra
tion. The equilibrium dialysis apparatus 
consisted of 2 x 0.5 ml plexiglass cells 
(Mecca Inc., Aurora NY) separated by 
Spectra/Por 2, MWCO 12000-14000 
(Spectrum Medical, Los Angeles, CA) 
membrane. Plasma samples were dialyzed 
against Sorenson's phosphate buffer (pH 
7.4) at 3rC for 6 h. Ultrafiltration was 



performed with the Amicon Centrifree TM 
micropartition system (Amicon Division of 
Grace Co. Danvers, MA). The dialysis and 
ultrafiltration equipment are illustrated in 
Fig. l. 

High-Performance Liquid Chromatogra
phy. Teniposide concentrations in plasma 
and buffer aliquots were determined with 
reverse-phase HPLC + electrochemical 
detection (applied potential, 0.75 V; range 
5 nA (buffer) or 500 nA (plasma)). A 
Micro-Bondapack 25 cm phenyl column 
(Waters) and a mobile phase of water-

Reservoir 
cap 

reservoir 

ACN-acetic acid (70: 30: 2) were used in the 
system. 

Calculations. Free fraction (iu) is ex
pressed as a percentage of total drug con
centration. Measured free concentrations 
were corrected to colume shift, if they 
occurred during equilibrium dialysis, using 
the method of Huang (Huang J, 1988). 
Statistical calculations (Student's t test to 
compare group means, or nonparametric 
tests) were performed with standard 
methods. 

Radial gradient 

Membrane support 
base 

a 

U~rafiltrate 

cup 

b 

..-..~ 
Cap 

Semipermeable 
membrane 

Fig.la,b. a Amicon Centrifree system. b Equilibrium dialysis chamber 

Sampling 
ports 

Acrylic 
plastic 
body 
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Fig. 2. Free teniposide concentrations and free fractions at different total teniposide levels 

Results and Conclusions 

Figure 2 shows free teniposide concentra
tions and free fractions at different total 
teniposide levels. The protein binding of 
teniposide does not depend on the concen
tration of the drug and does not become 
saturated in the clinically relevant concen-
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tration range. Teniposide free fractions at 
different mAMSA and ara-C concentra
tions are shown in Fig. 3. mAMSA and 
ara-C do not displace teniposide from plas
ma proteins. Teniposide free fractions at 
different flavone acetic acid (FAA) levels 
are shown in Fig. 4. FAA seems to influence 
the protein binding of VM-26 in a concen-
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Fig. 3. Lack of displacement of teniposide from plasma proteins by mAMSA or ara-C 

tration-dependent manner. Figure 5 shows 
Serum total protein and bilirubin levels of 
patients studied in first of subsequent re
missions. Patients in the second group had 
lower serum total protein and higher biliru
bin levels. The percentage unbound plasma 
teniposide levels in the two patient groups 
are shown in Fig. 6. The protein binding of 
VM-26 in patients seems to be character
ized by four- to fivefold variability. Patients 
on relapse therapy with relatively lower 
serum total protein and higher serum bili-

rubin levels have a significantly higher 
percentage of unbound teniposide. Figure 7 
illustrates the relationship between white 
cell nadir and total protein concentration in 
serum following VM-26 and VP-16 treat
ments. All treatments given to patients with 
a total protein concentration <55 gil were 
accompanied by bone marrow depression, 
whereas only 12 of 89 treatments caused a 
nadir below. 1.0 gil in patients with a serum 
total protein concentration between 55 and 
85 gil. 
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Fig. 6. Percentage unbound plasma teniposide 
in patients with ALL in first (total XII) or 
subsequent remission (R-13) 
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Summary 

Teniposide is extensively (98 % -99 % ) 
bound to plasma proteins, and its binding is 
not saturable in the clinically relevant con-

centration range. Coadministration of oth
er drugs may influence the protein binding 
of teniposide. Reduction or increase of 
protein binding may have therapeutic con
sequences. There is a considerable interpa-
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Fig. 7. Relationship between white cell nadir and total protein concentration in serum following 
vm-26 or VP-16 treatment 

tient variability in the protein binding of 
VM-26. The influence of this variability on 
the pharmacokinetics and clinical effect 
(toxicity) on the drug has to be further 
studied. Hypoproteinemia and/or hyperbil
irubinemia can substantially reduce the 
protein binding of VM-26. In a group of 32 
patients, hypoproteinemia proved to be a 
significant predictor of myelotoxicity fol
lowing the administration of epipodophyl
lotoxins. 
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Effect of Carboxymethylglucan-ara-C on Experimental Leukemia 

L. Novotny, E. BalazovaI,V Kery2, 1. Sedlak!, and V Ujhazy' 

The substance l-~-D-arabinofuranosylcy
tosine (ara-C) is one of the most effective 
drugs in the treatment of acute myeloblastic 
leukemia [1, 2]. However, its rapid deami
nation in vivo to almost inactive arabi nosy
luracil (i.e., 3) with its quick elimination 
from an organism [3, 4] is the main disad
vantage for its practical use. This is the 
reason for the ongoing search for an ara-C 
derivative which cannot be deaminated and 
which possesses better pharmacokinetic 
parameters. Various pharmacokinetic and 
pharmacodynamic parameters of different 
compounds may be altered by various 
macromolecular carriers [5]. In our work 
we present the results of an ara-C and 
carboxymethylated glucan (CMG) conju
gate preparation and an evaluation of its 
antileukemic activity. 

The polysaccharide chosen for our work 
was ~-D-glucan isolated from cell walls of 
the nonpathogenic yeast Saccharomyces 
cerevisiae, which is not degraded by any 
mammal enzyme and is less immunogenic 
than other types of microbial cell wall 
polysaccharide [6]. The yeast (3-glucan pos
sesses a pronounced chemical stability 
probably due to its compact crystalline 
structure, which is represented by (1-3)
(3-D-glucan and (1-6)-(3-D-glucan chains 
with a relative molecular weight of about 
1000000 [7]. The carboxymethylation of 
the glucan molecule occurs predominantly 

at C-6 of the glucose ring and makes the 
glucan soluble in water. 

Coupling of ara-C to the carboxymethyl 
group of the CMG was performed using a 
general method for the formation of pep
tide bonds by isobutylchloroformiate con
densation [8]. The presence of nitrogen in 
the synthesized CMG-ara-C conjugate 
which was indicated by the elementary 
analysis evidenced the binding of ara-C to 
the CMG. The same evidence of CMG
ara-C formation was obtained by UV and 
IR spectroscopy. It follows from the UVand 
IR spectroscopy results that ara-C was 
bonded to CMG carboxyl groups via its 
chromophoric part of the molecule (Fig. 1). 

011 

~ o 
HOH,C 0r~ 

CMG - araC Nil 

I 
C::O 

1 Cancer Research Institute, Slovak Academy of 
Sciences, Spitalska 21, 81232 Bratislava, Cze-
choslovakia n > 100 
2 Research Institute of Rheumatic Diseases, n 

Piestany, Czechoslovakia Fig. 1. Structure of CMG-ara-C 
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Fig. 2.a, b Hydrolysis of CMG-ara-C (I mg/ml) in PBS, pH 7.4 ( - ), sodium acetate 0.1 mol/I, pH 4.0 
(----), and sodium carbonate 0.1 mol/\, pH 9.0 (-.-.-) at 37°C. 
b Hydrolysis of CMG-ara-C (1 mg/ml) in PBS, pH 7.4 (-), and catalyzed by 0.1 mg/ml (----) and 0.01 
mg/ml (-.-.-) trypsin at 37T 

The bond between the amino group of 
ara-C and CMG should prevent deamina
tion of ara-C in vivo. 

The stability study showed that the 
hydrolysis of CMG-ara-C is not a simple 
process (Fig. 2 a). The slow hydrolysis of the 
ara-C and CMG connecting bond is the 
reason for the prolonged release of ara-C 
into the blood stream in vivo. The conse
quence of these processes is an increase in 
therapeutic effectivity of this conjugate. 
The presence of trypsin under physiological 
conditions [in phosphate-buffered saline 
(PBS) 1 greatly enhanced the rate of hydro
lysis (Fig. 2b). Chymotrypsin hydrolyzed 
CMG-ara-C only slowly. From these facts it 
follows that trypsin or trypsin-like pro
teases could participate in in vivo hydrolysis 
of CMG-ara-c. Carboxymethylated glu-

can-ara-C was compared in all experiments 
with free ara-C and exerted higher activity 
in both suspension culture and in soft agar 
assay with LI210 cells (Table 1). CMG
ara-C had a better effect than free ara-C in 
vivo against P388 leukemia (Table 2) and 
especially against LI210 leukemia (Table 
3). CMG-ara-C had absolutely no effect on 
the survival of leukemia L1210 resistant to 
ara-C-bearing mice (data not shown). From 
our data it seems clear, especially in the case 
of P388 leukemia experiments, that the 
repeated administration of CMG-ara-C 
increased the toxicity. This was probably 
due to the amount of polysaccharide 
administered and the percentage life span 
increase was then lowered. When the dose 
of CMG-ara-C was increased to 100 mg 
bound ara-C per kilogram body weight, the 

Table 1. L1210 cell growth inhibition in suspension culture and in soft agar assay 

Compound 

ara-C 
CMG-ara-C 
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Suspension culture 
(ICs()' [.tmol/I) 

0.08 
0.03 

Soft agar assay 
(ICso , [.tmol/I) 

0.23 
0.12 



Table 2. The effectivity of ara-C and CMG-ara-Ca (50 mg free ara-C or 50 mg ara-C bound to CMG per 
kilogram body w.) on the survival of leukemia P388 bearing miceb• 

Treatment MST±SD (days) % ILS Significance' 

None 22.5 ± 1.6 
CMG 500 mg/kg 22.8 ± 1.6 1 
Days I, 4, 7 
Ara-C, day 1 29.3 ± 7.2 30 
CMG-ara-c, day 1 54.8 ± 8.0 144 0.001 
Ara-C, days 1, 4 39.2 ± 12.8 16 
CMG-ara-C, days I, 4 44.3 ± 17.4 97 n.s. 
Ara-C, days 1,4, 7 25.1 ± 2.5 12 
CMG-ara-C 36.3 ± 5.9 61 0.001 
Days 1,4, 7 

a Ten milligrams CMG bound to 1 mg ara-C 
b Number of mice per group was five to seven 
C Significance of the CMG-ara-C treatment results compared with the same treatment using free 

ara-C 

Table 3. Effectivity of ara-C and CMG-ara-C" (50 mg free ara-C or 50 mg ara-C bound to CMG per 
kilogram body wt.) on the survival of leukemia LI210 bearing mice. 

Treatment 

None 
CMG 500 mg/kg 
Days 1,4, 7 
ara-C, day 1 
CMG-ara-c, day 1 
Ara-C, days 1, 4 
CMG-ara-C 
Days 1, 4 
Ara-C 
Days 1. 4, 7 
CMG-ara-C 
Days 1,4,7 

MST ± SD 
(days) 

8.8 ± 0.9 
8.0 ± 0.8 

9.5 ± 0.8 
16.6 ± 3.4 
11.0 ± 1.3 
38.0 ± 12.8 

12.3 ± 0.5 

23.0 ± 9.3 

" 10 mg CMG bound to 1 mg ara-C 

% ILS 

-9 

40 

No of 
survivors 

0/8 
0/8 

0/8 
3/8 
0/8 
417 

0/8 

3/8 

Significance' 

0.005 

0.05 

0.01 

b Long-term survivors (more than 90 days) were not used in data evaluation 
C Significance of the CMG-ara-C treatment results compared with the same treatment using free 

ara-C 

toxic effect was evident (data not shown). 
Administration of the CMG alone pro
duced no significant increase in life span 
(Tables 2, 3), and therefore it may be 
concluded that the increase in CMG-ara-C 
effectivity cannot be caused by the stimula
tion of the immune system in the experi
mental animals. 

Inhibition of DNA synthesis was mea
sured after the administration of both free 

and CMG-bound ara-C in the experiment 
with U210-bearing mice (Fig. 3). The results 
clearly show that the duration of DNA 
synthesis inhibition following ara-C admin
istration is approximately 5 h. Inhibition of 
DNA synthesis caused by CMG-ara-C had a 
duration of more than 24 h after adminis
tration. This fact explains the positive results 
of CMG-ara-C used in the in vivo treatment 
of the experimental leukemia. 
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Fig. 3. Inhibition of DNA synthesis in leukemia 
L1210 cells in vivo by ara-C (0) and CMG-ara-C 
(e) after single-dose administration of 50 mg 
ara-C or equivalent per kilogram body wt 

The FACS analysis of the leukemia L1210 
cell treated with phenylisothiocyanate
marked CMG was performed to better 
understand the possible mechanism of the 
CMG-ara-C antileukemic activity. It was 
shown that there is a 15 times higher 
concentration of CMG on the surface of the 
leukemia cell after the incubation at 37°C 
compared with incubation at 4°C in vitro 
(Fig. 4). It may be hypothesized on the 
basis of this experiment that the antileu
kemia effect of CMG-ara-C is based both 
on the slow hydrolysis of the bond between 
CMG and ara-C and on the concentration 
gradient of the administered polysaccha
ride on the cell surface. 
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Plasma Pharmacology of Fludarabine and Cellular Bioavailability 
of Fludarabine Triphosphate* 

A. Kemena, M. Keating, and W. Plunkett 

Introduction 

Fludarabine phosphate (F-ara-AMP) 
shows excellent response rates at low doses 
(18-30 mg/m2 per day) in indolent lym
phoid malignancies without major nonhe
matologic toxicity [1-5]. In high-dose 
regimens, however, it caused severe neuro
toxic side effects [6-8]. This comparatively 
narrow therapeutic window requires pre
cise pharmacokinetic studies for optimal 
dose scheduling. Further, as chronic lym
phocytic leukemia (CLL) is the most fre
quent in this group of malignancies, elderly 
patients are an important target popUlation 
for treatment with fludarabine phosphate 
and might especially benefit from an oral 
formulation. Therefore studies of its bio
availability are needed. Finally, fludarabine 
phosphate is currently investigated as a 
biochemical modulator of cytosine arabino
side [9, 10]. As these nucleoside analogues 
exert close schedule dependent interaction, 
a careful pharmacokinetic analysis is essen
tial. At low fludarabine phosphate doses 
comprehensive pharmacokinetic studies 
were limited by the sensitivity of assays 
based on UV detection [11-14]. We there
fore developed a sensitive method based on 
the chemical condensation of F-ara-A with 
chloroacetaldehyde to a fluorescent deriva-

* This study is supported by a grant from the 
German Research Association (DFG) and by 
grant CA 32839 from the National Cancer Insti
tute DHHS 

tive. Combined with a solid-phase extrac
tion prior to derivatization, the quantita
tion limit was 2 pmol/ml plasma. In a 
clinical study designed to evaluate the oral 
bioavailability of fludarabine phosphate, we 
determined plasma F-ara-A levels over a 
period of 72 h in patients with relapsed 
CLL. Simultaneously the corresponding 
concentrations of the active metabolite flu
darabine triphosphate (F-ara-ATP) were 
measured in circulating leukemic cells. 

Materials and Methods 

The chemical structure analysis of the fluo
rescent derivative of F-ara-A was carried 
out by Berlex Biosciences, Alameda, CA 
(United States). 

Plasma samples were prepared from 
heparinized blood which contained 1 !J,M 
erythro-9-(2-hydroxy-3-nonyl)adenine to 
inhibit adenosine deaminase. Protein re
moval and sample concentration was 
accomplished by solid-phase extraction 
(SEP-PAK CIS cartridge). The derivatiza
tion of F-ara-A was carried out in citrate 
buffer, pH 4.0 (final concentration 0.2 M), 
in the presence of 5.2 M chloroacetalde
hyde. After incubation for 24 h at 50°C the 
reaction products were separated by re
verse-phase high-performance liquid chro
matography (HPLC) (!J,Bondapak CIS) 
under isocratic conditions. The mobile 
phase consisted of 2 % methanol and 5 % 
N,N-dimethylformamide in water. The 
fluorescent F-ara-A derivative (retention 
time about 10 min) was detected at an 
excitation wavelength of 296 nm and an 
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emISSIon wavelength of 410 nm. The 
methodology is described in detail else
where [15]. 

Intracellular nucleotide concentrations 
were determined by anion exchange HPLC 
in perchloric acid extracts of blood mono
nuclear cells [9]. 

Pharmacokinetic analyses were per
formed using the EST RIP computer pro
gram [16]. 

Results 

Optimization and Validation of the Test 
System 

Published reaction conditions for the syn
thesis of etheno-adenine compounds 
[17 -21] did not generate a fluorescent sig
nal with the relatively inert fluorinated 
arabinosyladenine. Therefore modifica
tions were required to yield 66.5 % ± 1.8 % 
fluorescing product in the optimized system 
using [8-3H]F-ara-A. Spectroscopic analy
sis of the fluorescent derivative confirmed 
its identity with arabinosyl-1,N6-etheno
isoguanine. The reaction was shown to be 
specific for F-ara-A and its respective 
nucleotides, which could be derivatized 
with a comparable yield. Among the phys
iological nucleosides of adenine and cyto
sine which are known to form fluorescent 
etheno-derivatives [22], only adenosine and 
deoxyadenosine were detected at consider
ably lower relative sensitivities. 

Table 1 shows the results of the validation 
of the fluorescence assay for F-ara-A quan
titation in plasma. Processing (5 ml plasma 
per sample) consisted of solid-phase extrac
tion, derivatization, and separation of the 
reaction products by HPLC. 

Table 1. Validation of the fluorescence assay for 
F-ara-A quantitation in plasma 

Limit of quantitation 
Linearity 

Precision 
Stability 
Recovery 

Protein binding 
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2 pmoVml plasma 
2 pmol - 2 nmoVml 
plasma 
3.0 % relative SD 
0.5 % decay/h 
100 % (range 0.05-2 
nmoVml) 
<0.03% 
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Fig. 1. Pharmacokinetics of F-ara-A in plasma 
after a 30-min i.v. infusion (closed circles, one 
patient) or oral application (open circles, one 
patient) of 60 mg fludarabine phosphate. Plasma 
(0.5-4 ml) was processed at each time point 
according to the procedure described in "Me
thods" 

Quantitation of F-ara-A 
and Its Triphosphate in Patient Samples 

Patients with refractory chronic lymphocyt
ic leukemia received 60 mg fludarabine 
phosphate either as a 30-min i.v. infusion or 
as an aqueous solution orally. The pharma
cokinetics of F-ara-A in plasma up to 72 h 
after treatment are shown in Fig. 1. F-ara-A 
was detected in plasma at 2 min following 
oral administration. After a 1.5- to 2-h 
accumulation phase, F-ara-A concentra
tions were comparable to those obtained by 
i.v. infusion. The triexponential elimination 
phases essentially paralleled after both 
routes of administration with similar termi
nal half-lives (31 and 32 h, n = 5 for each 
treatment group). F-ara-A plasma levels 
measured at 72 h were about 20-40 times 
above the quantitation limit of the fluores
cence assay. Comparing the mean AVC 
values of five patients per treatment group, 
an oral bioavailability of about 80 % was 
determined. 

Levels of F-ara-ATP in circulating leu
kemia cells (Fig. 2) showed similar accumu
lation and elimination kinetics after both 
routes of administration [tIll = 36 h (i.v.) and 
32 h (oral)]. After oral ingestion of the 
drug, however, maximum F-ara-ATP con-
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Fig. 2. Pharmacokinetics of F-ara-ATP in circu
lating leukemia cells after a 30-min i.v. infusion 
(closed circles, one patient) or oral application 
(open circle, one patient) of 60 mg fludarabine 
phosphate. Circulating mononuclear cells were 
processed at each time point according to the 
procedure described in "Methods" 

centrations were generally lower, resulting 
in about 40 % lower area under curve 
(AUe) values. 

Discussion 

Conventional UV-based methods for the 
quantitation of F-ara-A reach their limit of 
detection at 3-24 h after treatment with 
low-dose regimes of fludarabine phosphate 
[11-14]. We therefore developed an assay 
that employs fluorescence detection after 
HPLC. With a limit of quantitation of 2 
pmol F-ara-A/ml plasma, it enables elimi
nation kinetics to be monitored over a 72-h 
period after treatment with a fludarabine 
phosphate dose of 60 mg/m2 per day given 
either by short-term i.v. infusion or orally. 
Measuring accumulation kinetics during 
absorption from the gastrointestinal tract, 
F-ara-A was detected 2 min following drug 
intake. 

Our preliminary pharmacokinetic data 
from a study designed to evaluate the oral 
bioavailability of fludarabine phosphate 
suggest a triexponential elimination profile 
of F-ara-A with a terminal half-life of about 
32 h. In previous reports, in which the less 
sensitive UV detection method was em
ployed, biphasic or triphasic elimination 
kinetics with a terminal half-life of about 10 

h were found after doses ranging from 18 to 
80 mg/m2 per day [11,13, 14]. 

The oral bioavailability of the drug in 
plasma seems to be around 80 %. The 
cellular "bioavailability" measured as nu
cleoside triphosphate was about 40 % less 
after oral administration. 

The derivatization reaction to a fluores
cent compound may also be applied to the 
F-ara-A mono- and triphosphates and to 
arabinosyl-isoguanine, thereby providing 
several potential applications. 
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Pharmacology of High-Dose 1,2,4-Triglycidylurazol in 
Preparative Regimens for Bone Marrow Transplantation: 
Preclinical Evaluation and First Clinical Results 

ID. W Beelen, 2R. B. Schi1cher, IR. Ehrlich, IK. Quabeck, 30. Schmidt, 4D. Szy, 
sH. Grosse-Wilde, and 10. W Schaefer 

The racematic compound a/~-1 ,2,4-triglyci
dylurazol (TGU; NSC 332488) a triepoxide 
with alkylating properties, has a broad 
spectrum of anticancer activity in animal 
models including the LI2lO and the P388 
murine leukemias as well as the L5222 rat 
leukemia (reviewed in [1]). In a cyclophos
phamide-resistant P388 leukemia subline, 
TGU exerted high antileukemic activity, 
which suggested that the compound might 
have non-cross-resistance with this group of 
alkylating agents. The pharmacokinetic 
profile of TGU is characterized by a rapid 
plasma clearance in animal models and 
humans. Clinical phase 1111 trials in patients 
with solid tumors demonstrated that TGU 
has dose-dependent and dose-limiting 
myelotoxicity [2-7]. These pharmacologic 
properties of TGU imply that it might be 
useful in settings of high-dose therapy with 
bone marrow rescue. To elucidate its poten
tial role in bone marrow transplantation 
(BMT), we performed dose escalation and 
pharmacokinetic studies using TG U in a 
beagle dog model. With regard to potential 
synergistic toxicities, combinations ofTGU 
and total body irradiation (TBI) or high
dose busulfan (HD-BU) were used in ani
mals receiving allogeneic bone marrow res
cue. In an ongoing phase 1111 trial TGU is 
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currently being investigated in patients with 
refractory advanced hematologic ma
lignancies prior to allogeneic marrow trans
plantation. 

Materials and Methods 

Preclinical Studies 

Details of the studies in beagle dogs have 
been previously reported [8]. Generally, 
protective isolation and supportive therapy 
used in animal experiments resembled the 
situation of clinical marrow transplanta
tion. Total body irradiation was performed 
in two daily fractions of 2 Gy over 3 days 
(total dose, 12 Gy) using a cobalt-60 source 
(dose rate, 6 cGy/min). Oral busulfan was 
given at a dose of 4 mg/kg body wt. per day 
in four divided doses over 4 days as a watery 
suspension of pulverized tablets. Adequate 
busulfan ingestion and absorption were 
controlled by measuring busulfan plasma 
levels twice daily during the treatment 
period. In animals receiving combinations 
of TGU with either TBI or HD-BU, the 
study drug was started 1 day after termina
tion of the respective pretreatment (Table 
1). 

Human Studies 

Patient characteristics and details of the 
preparative regimens prior to marrow trans
plantation are given in Table 2. Protective 
isolation and gnotobiotic care of patients as 
well as supportive therapy were performed 
as has been previously published [9]. 

359 



Table 1. Dose schedules of 1,2,4-triglycidyurazol (TGU) alone and combinations of TGU with total 
body irradiation (TBI) or high-dose busulfan (HD-BU) followed by allogeneic bone marrow 
rescue 

Total TGU dose Dose/fraction Number of fractions Number of animals 
(mg/kg) (mg/kg) 

40 40 1 4 
50 25 2 4 
60 60 1 1 
60 30 2 7 
75 25 3 4 

20+TBI 20 4 
40+TBI 40 6 

40+HD-BU 40 8 

TBI, total body irradiation delivered by a cobalt-60 source in two daily fractions of 2 Gy (dose 
rate, 6 cGy/min) over 3 days; HD-BU, 1 mg/kg body wt. oral busulfan every 6 hover 4 days 

Table 2. Patient characteristics, preparative regimens, and outcome of patients treated with TGU in 
combination with total body irradiation or high-dose busulfan prior to allogeneic marrow transplan
tation 

UPN Age/sex Diagnosis TGU dose Additional Outcome 
mg/kg (mg/m') therapy (days after BMT) 

318 32/M ALL fourth 30 (1200) 4 x 2.5 Gy Relapse (62), died (139) 
relapse TBI 

341 26/F NHL stage IV 30 (1200) HD-BU Cytomegalovirus 
second relapse pneumonia, died (18) 

395 37/F CML blastic 35 (1400) 4 x 2.5 GY Relapse (163), died (217) 
phase TBI 

403 33/M AML second 35 (1400) 4 x 2.5 Gy Relapse (38), died (164) 
relapse TBI 

408 39/M NHL stage IV 40 (1600) HD-BU Meningitis, pneumonia, 
second relapse died (132) 

UPN, unique patient number; ALL, acute lymphoblastic leukemia; NHL, non-Hodgkin's lym
phoma; CML, chronic myeloid leukemia; AML, acute myeloid leukemia; TBI, total body irradia
tion delivered by a cobalt-60 source in four daily fractions of 2.5 Gy (dose rate, 3 cGy/min); HD
BU, 1 mg/kg body wt. oral busulfan every 6 hover 4 days 

Study Drug 

Supplies of TGU were kindly made availa
ble by Asta Pharma AG, Frankfurt, Federal 
Republic of Germany, as a lyophilized 
powder with 20 mg D-mannitol/100 mg 
drug. It was reconstituted in 0.9 % saline to 
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yield a final concentration of 10 mg/ml 
TGU solution. The required dose was given 
as a bolus injection over 1 min. In animal 
studies, the compound was injected into the 
right internal jugular vein. In patients a 
central venous catheter was used for injec
tion of TGU. 



Toxicologic Evaluation 

For estimation of acute toxic effects on 
hematopoiesis, kidney, and liver functions, 
white blood cell (WBC) and platelet 
counts, and blood urea nitrogen (BUN), 
creatinine, transaminases (GOT, GPT) as 
well as alkaline phosphatase (AP) plasma 
levels were obtained on all week days 
during the observation period. Evaluation 
of gastrointestinal (GI) toxicity was based 
on the degree of oral mucositis and on 
frequencies of nausea and vomiting and/or 
diarrhea. Cardiovascular toxicity was mon
itored by ECG tracings and measurements 
of left-ventricular shortening fraction using 
cardias ultrasound in all patients. Adverse 
effects of the study drug were classified 
according to a graded toxicity scale [10]. In 
animals which died during experiments, 
complete autopsies with histologic exami
nations were performed. 

Pharmacokinetic Analysis 

Blood samples were collected in EDTA
containing tubes from a heparin lock placed 
in a peripheral vein attimesO, 1,2,5,10,15, 
30,45, and 60 min, 1.5,2,4,6, 12, and 24 h. 
Specimens were chilled at -1°C imme
diately after collection, centrifuged at 1270 
g for 10 min, and the plasma stored at 
-18°C until analysis. TGU was measured in 
plasma and organ extracts using high-pres
sure liquid chromatography (HPLC) as has 
been described previously [8, 11]. Predose 
samples did not contain interferences at the 
retention volume of TGU, and the lower 
limit of detection was 10 ng/ml probe 
volume. 

Plasma concentration time data were 
analyzed using the AUTOAN computer 
program, supplied by Dr. J.G. Wagner (Up
john Center for Clinical Pharmacology, 
Ann Arbor, MI, United States). The pro
gram used curve-stripping techniques to 
choose the most appropriate pharmacoki
netic model. 

Statistical Analysis 

To detect differences in the pharmacokinet
ic profile of TGU in animals receiving the 

compound alone and those which were 
treated with combinations of TGU and 
either TBI or HD-BU, pharmacokinetic 
paramaters [area under curve (AUC), clea
rance, volume of distribution, and half-life 
time (t50) values] in the different treatment 
groups were compared by Wilcoxon's rank 
sum test. These parameters were additiona
ly compared in animals with and without 
lethal GI toxicity. Data base management, 
and descriptive and comparative statistics 
were performed on an IBM PS/2 Model 80 
computer using SAS software (SAS Insti
tute Inc, Cary, NC, United States). 

Results 

Preclinical Studies 

The major adverse effects of TGU observed 
in beagle dogs were GI and hematologic 
toxicity. Gastrointestinal toxicity mani
fested as moderate to severe enteritis asso
ciated with serous or bloody diarrhea. The 
LD50 for this adverse effect was estimated to 
be in the range of 60 mg/kg TGU when 
given in two dose fractions of 30 mg/kg per 
day over 2 days. A single dose of 60 mg/kg 
led to a lethal generalized capillary leakage 
syndrome at 6 h after administration of 
TGU in one animal. The maximum tole
rated single dose of TGU was 40 mg/kg and 
dose fractions of 25 mg/kg per day allowed 
dose escalations to a maximum cumulative 
dose of 50 mg/kg without lethal GI toxicity. 
Histopathological changes of the gut walls 
included areactive necrosis and denudation 
of the epithelium with concomitant throm
bosis of submucosal veins and atrophy of 
lymphatic follicles. In addition, TGU led to 
dose-dependent toxic effects on liver func
tion (Table 3). Other nonhematologic com
plications attributable to drug-related toxic 
effects were not observed. 

Hematologic toxicity in animals surviv
ing GI-toxic effects was severe and life
threatening. No clear-cut dose-response 
relationship existed between TG U dose and 
duration of leuko- or thrombocytopenia 
(Table 4). Although prolonged pancytope
nia occurred in a dose range between 40 and 
60 mg/kg TGU, all surviving dogs had 
complete hematopoietic recovery. 
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The maximum tolerated singleTGU dose 
in combination with TBI and allogeneic dog 
leukocyte antigen (DLA) identical marrow 
rescue was reduced by 50 % to 20 mg/kg. 
Again, a steep dose-response relationship 
was seen betweenTGU dose and GI toxicity 
with an estimated LD50 in the range of 30 
mg/kg. Thus, the combination of TGU and 
TBI unequivocally showed cumulative toxic 
effects on the GI tract and liver function 
(Table 3). 

In contrast, the combination of a single 
dose of 40 mg/kg TGU with high-dose 
busulfan and allogeneic marrow rescue was 
not associated with increased GI or liver 
toxicitiy (Table 3). Two of eight dogs died 
during marrow aplasia without significant 
laboratory or histopathological signs of 
toxicity. Two dogs receiving DLA-noniden
tical unrelated marrow transplants rejected 
their grafts. In three of four dogs with 
DLA-identical related marrow donors, sus
tained engraftment could be demonstrated 
by sex chromosome analysis. Since DLA 
identical marrow engraftment cannot be 
attained by HD-BU alone in this model, it is 
justified to assume that the immunosup
pressive properties of TGU allowed 
engraftment. 

Plasma pharmacokinetic parameters are 
shown in Table 5. The best fit to the data was 
a one-compartment open-system model 
with an exponential decay (Fig. 1). Preced
ing TBI or HD-BU had no significant 
influence on these parameters in animals 
treated with 40 mg/kg TGU. Animals with 
lethal GI toxicity, however, showed 
markedly increased peak plasma levels and 
AUe values as well as reduced plasma 
clearance values in comparison to those 
which survived GI toxic effects (Table 6). 
This may reflect interindividual differences 
in drug metabolism contributing to the 
severity of this adverse effect. Significant 
TGU concentrations could be extracted 
from organs up to 7 days after administra
tion of the drug, indicating extensive drug 
binding to tissues (data not shown; [8]). 

Human Studies 

The application of TGU was associated 
with moderate to severe nausea and vomit-



Table 4. Hematologic toxicity of TGU 

TGU dose (mg/kg) 40 50 60 75 

Number of animals 4 4 7 4 

WBC nadir (x 1O~/1) 
Median 0.1 0.15 0 0.1 
Range 0-0.2 0.1-0.4 0-0.1 0.1-0.1 

WBC nadir (day) 
Median 4 5 4 3 
Range 4-7 4-5 3-6 3-6 

WBC recovery (day) 
Median 25 28 28 n.e. 
Range 16-35 22-30 25-33 n.e. 

Platelet nadir (x 109/1) 
Median 4 9 18 n.e. 
Range 4-7 5-12 10-35 n.e. 

Platelet nadir (day) 
Median 11 16 7 n.e. 
Range 1-13 1-28 4-18 n.e. 

Platelet recovery (day) 
Median 23 30 23 n.e. 
Range 19-34 26-31 20-29 n.e. 

n.e., not evaluable. All animals died from therapy-related toxicity prior to hematopoietic recove-
ry 

Table 5. Plasma pharmacokinetic parameters for animals treated with different dose levels of 
TGU 

TGU dose No. of Peak plasma AUC Clearance Volume of tso (min) 
(mg/kg) frac- concentration ([tg1O-2/mlh) (ml/min) distribution (I) 

tions ([tg/m!) 

20 4 0.96(0.22)" 4.33(0.38) 109432 (8443) 137.7(88.7) 2.7(0) 
25 12 3.15(0.99) 10.41(1.86) 88846(12939) 165.7(86.5) 2.9(0.1) 
30 14 11.57(2.08) 38.37(7.04) 31773(5844) 154.4(40.9) 3.1(0.3) 
40 18 8.00(1.31) 39.57(9.90) 51078(7795) 123.2(29.2) 3.1(0.1) 

40 4 7.65(1.42)1' 35.63(14.19) 58106(22707) 148.3(87.8) 2.9(0.1) 
40+TBI 6 7.80(2.59) 44.20(22.76) 59168(14661) 161.8(58.9) 2.8(0.1) 
40+HD-BU 8 8.37(1.54) 36.92(9.93) 39475(7405) 72.1(6.4) 3.5(0.3) 

a Values of parameters represent the mean (± standard error) of pharmacokinetics performed for 
each individual dose fraction. The number of fractions on which these calculations were based is 
indicated 

b No significant differences were found between peak plasma concentrations, area under curve, 
clearance, volume of distribution, and half-life time values in animals receiving 40 mg/kg TGU 
alone or in combination with either TBl or HD-BU 
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Fig. I. Plasma levels of 1,2,4-triglycidylurazol (TCU) in beagle dogs 

Table 6. Comparison of plasma pharmacokinetic parameters in animals with or without lethal toxic 
enteritis 

TGU dose Outcome Peak plasma AUC Clearance Volume of tlh (min) 
(mg/kg) concentration (!lglO-2/mlh) (ml/min) distribution 

(!lg/ml) (I) 

30(2)" Alive (3)h 5.60' (1.02) 22.54( 6.25) 46343 (8574) 248.8(77.9) 3.5(0.8) 
30(2) Dead (4) 16,06* (2.62) 50.25** (9.66) 20846+ (5641) 84,4+ (22.6) 2.8++ (0) 
40(1)+TBI Alive (2) 3.95(0.95) 9.04(1.81) 99854 (10745) 399,4(42.9) 2.8 (0) 
40(1)+TBI Dead (4) 11.91(4,47) 80.20(39.41) 26688 (13021) 107.1 (52,4) 2.8(0.1) 

* p = 0.006; ** p = 0.06; + P = 0.02; ++ P = 0.04 
a Values represent the number of fractions of the indicated TGU dose applied to each animal 
b Values represent the number of animals in which pharmacokinetics were studied 
C Values represent means (± standard errors) of plasma pharmacokinetic parameters performed 

for each individual dose fraction in animals with or without lethal toxic enteritis. P values were 
derived from comparisons of these parameters by Wilcoxon's two-sample rank sum test 

ing in all patients. Immediately after the 
second TGU dose, two patients developed 
supraventricular arrhythmias necessitating 
antiarrhythmic therapy. In one of these 
patients mycotic myocarditis was found at 
autopsy. The degree of oral mucositis and 
frequencies of diarrhea in the early post
transplant period appeared comparable to 
that of patients receiving our "standard" 
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preparative regimen of TBI (2.5 Gy/day 
over four consecutive days using a cobalt-60 
source) in combination with cyclophos
phamide (60 mg/kg per day over 2 days). 
Two patients developed two- and fivefold 
elevations of GOT plasma levels above 
baseline values (Table 7). Other adverse 
effects or toxic death attributable to the 
study drug were not observed. 



Table 7. Nonhematologic toxicity (ECOG grades) in patients treated with combinations ofTGU and 
total body irradiation or high-dose busulfan 

Organ system / UPN 318 341 

Gastrointestinal 

Nausea/vomiting 4 4 
Stomatitis 4 4 
Diarrhea 1 2 

Liver 

SGOT/SGPT 0 0 
Bilirubin 0 0 

Cardiovascular 

Arrhythmia 4 4 
LV function 0 0 
Blood pressure 0 0 

Three patients had massive leukemic 
marrow infiltrates prior to HLA-identical 
sibling marrow transplantation. Clearance 
of marrow involvement and allogeneic 
engraftment could be demonstrated by 
histologic and/or cytogenetic analysis in 
these patients . Unfortunately, leukemic 
relapse occurred at 38, 62, and 163 days 
after BMT. Two patients received an HLA
mismatched marrow transplant for treat
ment of intermediate or high-grade non
Hodgkin's lymphoma with marrow involve
ment. Both patients were treated in relapse 
after preceding unsuccessful autologous or 
allogeneic BMT. Marrow engraftment 
could be attained in these patients, who 
subsequently died due to infectious compli
cations at 18 and 132 days after BMT. 

Discussion 

Our results obtained in a beagle dog model 
demonstrate that TGU has dose-dependent 
and dose-limiting gastrointestinal toxic 
effects with an estimated LD50 in the range 
of 60 mg/kg (corresponding to 2500 mg/m2) 
given in two consecutive daily fractions of 
30 mg/kg. This toxic effect was additionally 
characterized by a steep dose-response rela
tionship. Animals with lethal toxicity had 
increased peak plasma levels and AUC 

395 403 408 

3 3 2 
4 1 4 
2 1 2 

0 3 1 
0 0 0 

0 0 0 
0 0 0 
0 0 0 

values in comparison to those without sug
gesting that interindividual differences in 
pharmacokinetics of the compound con
tributed to the severity of this adverse 
effect. 

Myelosuppression as estimated by nadir 
values for WBC and platelets as well as time 
to reconstitution of peripheral blood counts 
was severe and life-threatening at all exam
ined dose levels. Hematologic toxicity, 
however, was not clearly dose dependent, 
which is in contrast to one clinical trial, in 
which TGU showed dose-dependent mye
losuppression in a dose range between 480 
and 1250 mg/m2 given in five fractions over 
5 days [12]. Despite limitations in convert
ing dosages between different species, TG U 
doses used in the animal studies were 2.5- to 
3.5-fold higher than in the cited report, 
which may in part explain the lacking 
dose-toxicity relationship in this model. 

Concerning combinations of TGU with 
the most frequently used modalities of 
myeloablation prior to BMT, i.e., TEl or 
HD-BU, cumulative gastrointestinal toxici
ty was restricted to the combination with 
TBI, and necessitated dose reductions of 
TGU by 50 % to mitigate this adverse 
effect. The increase in gastrointestinal tox
icity was not conditioned by changes in 
TGU pharmacokinetics as a consequence of 
preceding TBl. 
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The immunosuppressive properties of 
TGU in this model were impressive, since 
complete and sustained allogeneic DLA
identical marrow engraftment was attained 
in three of four recipient animals, which 
were pretreated by HD-BU, a compound 
with negligible immunosuppressive efficacy 
in settings of allogeneic BMT. Autopsy 
findings in animals which dies from gas
trointestinal toxicity demonstrated com
plete atrophy of lymphatic follicles in lymph 
nodes, spleen, and gut walls, further sup
porting the substantial toxicity of TGU on 
the lymphatic system. 

Our clinical results using TGU in a dose 
range between 30 mg/kg (1200 mg(m2) and 
40 mg/kg (1600 mg/m2) in combination with 
TBI or HD-BU suggest that the compound 
can be administered with tolerable adverse 
effects in regimens preparatory for allo
geneic BMT even in heavily pretreated 
patients. The severity of acute gastrointes
tinal toxicity appeared not to be increased 
in comparison to that of our "standard" TBI 
and cyclophosphamide regimen. Of con
cern is the observation that two patients 
developed cardiac arrhythmias in associa
tion with TGU application. Since both 
patients had been preexposed to cardio
toxic dosages of anthracyclines and oxazo
phosphorines, it remains uncertain whether 
this acute adverse effect can be related to 
arrhythmogenic or cardiotoxic properties of 
TGU. In addition, one of these patients 
showed acute infectious myocarditis at 
autopsy as a potentially contributing cause 
for arrhythmia. The clinical results in terms 
of eradicating the underlying disease are so 
far disappointing. It has to be emphasized, 
however, that marrow engraftment could 
even be attained in patients who had an 
increased risk of graft rejection. This further 
supports that TGU has potent immunosup
pressive properties in regimens preparatory 
for BMT. 

The pharmacokinetic profile of TGU in 
beagle dogs was characterized by a rapid 
plasma clearance with tso values in the range 
of 2.7 and 3.5 min. Short plasma and 
systemic clearance rates of cytotoxic agents 
used in preparative regimes for BMT are of 
special importance to avoid cytotoxic 
effects on the transplanted marrow cells. In 
this regard, it appears of concern that 
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significant concentrations of TGU could be 
extracted from organs up to 7 days after 
administration of the compound, which 
indicates extensive drug binding to tissues. 
Kinetics of hematopoietic reconstitution, 
however, were apparently not delayed in the 
animal and human studies. Persistent bind
ing of TG U to tissues thus appeared to have 
minor importance with regard to marrow 
graft function. 

We conclude that the pharmacologic, 
myelotoxic, and immunosuppressive prop
erties warrant further clinical studies to 
define the potential role or TGU in the 
framework of BMT. 
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2,2' -DiOuorodeoxycytidine: 
A New Antimetabolite with Inhibitory Activity Against 
Ribonucleotide Reduction and dCMP Deaminase 

V. Heinemann1, Y-Z Xu2 , A. Sen, and W. Plunkett2 

Introdnction 

2' ,2' -Difluorodeoxycytidine (dFdC) is a 
new deoxycytidine analog (Fig. 1) in which 
both hydrogens of the 2'-carbon are 
replaced by fluorine atoms [1]. The prodrug 
dFdC is intracellularly phosphorylated by 
deoxycytidine kinase (dCK) and accumu
lates to the active 5'-triphosphate dFdCTP 
[2]. Cytotoxic activity of dFdC is related to 
intracellular accumulation and retention of 
dFdCTP [2, 3). 

In several leukemia cell lines elimination 
of high dFdCTP concentrations was shown 

2'-Oifluorodeoxycytidine 2'-Oeoxycytidine 

(dFdC) (dCyd) 

Fig. 1. Molecular structures of dFdC and dCyd 
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2 Department. of Medical Oncology, University 
of Texas, MD Anderson Cancer Center, 1515 
Holcombe Boulevard, Houston, TX, USA 

368 

to be biphasic with a short initial half-life 
followed by a second phase of considerably 
slower degradation [3-5]. Slow cellular 
elimination of dFdCTP is of interest since it 
relates to enhanced cytotoxicity of the drug. 
The present study investigates to what 
extent these elimination characteristics are 
defined by cellular dFdC metabolites or 
their interaction with cellular enzymes such 
as deoxycytidylate deaminase (dCMPD) 
and ribonucleotide reductase (RR). A 
mechanistic model is proposed which desc
ribes dFdC-mediated modulation of 
dCMPD and RR as determinants of 
dFdCTP elimination. 

Materials and Methods 

dFdU, dFdCMp, and [5-14V]dFdC were syn
thesized at the Eli Lilly Research Labora
tories (Indianapolis, IN). 3,4,5,6-Tetrahy
drouridine (THU) was provided by Dr. Ven 
Narayanan, Drug Synthesis and Chemistry 
Branch, National Cancer Institute. 3,4,5,6-
Tetrahydrodeoxyuridine was obtained from 
Behring Diagnostics (La Jolla, CA). 
dFdCTP was synthesized from dFdCMP by 
Dr. Alina Sen. 

All experiments were performed in tripli
cate using the human T-Iymphoblast cell 
line CCRF-CEM. Analysis of acid-soluble 
cell extracts and culture medium for nucleo
sides and nucleoside phosphates was per
formed by high-performance liquid chro
matography (HPLC) as previously de
scribes [2]. Cellular dNTP concentrations 
were determined after degradation of NTP 
by periodate oxidation [6). Deoxycytidy-



late deaminase activity was assayed in bro
ken cell extracts according to the method 
reported by Fridland and Verhoef [7]. 

Incorporation of [5-3H]Cyd into DNA 
was measured as described by Jackson 
[8]. 

Results 

Cellular dFdCTP Elimination. The effect of 
cellular dFdCTP concentration on the rate 
of dFdCTP elimination was analyzed after a 
2-h exposure of CEM cells to 0.1 and 10 I-tM 
dFdC (cellular dFdCTP was 30 I-tM and 460 
I-tM respectively). When drug washout was 
performed at a cellular dFdCTP concentra
tion of 30 I-tM, dFdCTP elimination was 
linear with a t lf2a of 3.3. h. However, at a 
dFdCTP concentration of 460 I-tM, dFdCTP 
elimination was biphasic with the inflection 
occurring at 4 h after washout. TIf2a 
remained unaffected by the cellular 
dFdCTP concentration, while the terminal 
half-life (tlf2~) was prolonged as cellular 
dFdCTP increased. 
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Modulation of dNTP Mediated by dFdC. 
After a 2-h incubation with 0.1 I-tM dFdC, 
cellular concentrations of dFdCDP and 
dFdCTP amounted to 1.34 ± 0.1 I-tM and 
43.9 ± 5.4 I-tM respectively. At this time 
cellular pools of dCTP, dTTP, dATp, and 
dGTP were reduced to 21 %, 64 %, 54 %, 
and 52 %, respectively (Fig. 2). The ratio 
dTTP/dCTP in control cells was 2.4, while 
after a 2-h exposure to 0.1 I-tM and 10 I-tM 
dFdC this ratio increased to 6.7 and 8.1, 
respectively. Eight hours after washout of 
0.1 I-tM dFdC, the dTTP/dCTP ratio had 
nearly normalized to a value of 3.2, while 
after washout of 10 I-tM dFdC this ratio 
remained elevated at 11.8. 

Inhibition of dFdCDP Reduction Me
diated by dFdC. The effect of dFdC and 
hydroxyurea (HU) on ribonucleotide re
ductase (RR) was analyzed by pulse treat
ment of cells with PH]Cyd at the end of a 
2-h drug exposure (Table 1). The incorpora
tion of [3H]Cyd into dCTP and DNA was 
assayed as an estimate of RR activity. In 
fact, O.lI-tM dFdC reduced incorporation of 
[3H]Cyd into dCTP and DNA by 96.6 % 
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Fig. 2. Perturbation of dNTP pools in CEM cells induced by dFdC. CEM cells were exposed for 2 h to 
dFdC (0.01-10 [!M), and dCTP (e), dTTP (.), dATP (0), and dGTP (D) were determined as a 
percentage of control. dNTP concentrations in control cells: dCTP 28 ± 2 [!M, dTTP 64 ± 6.5 [!M, 
dATP 76 ± 8 [!M, and dGTP 51 ± 6.S [!M 
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Table 1. At the end of a 2-h exposure of CEM cells to indicated concentrations of dFdC or 
hydroxyurea, cells were pulsed with ['H]Cyd for 10 min. The radioactivity incorporated into the dCTP 
pool and into DNA was measured as an estimate of ribonucleotide reductase activity. Control 
incorporation was: dCTp, 11240 dpm/5 x 107 cells; DNA, 15940 dpm/5 x 107 cells 

Control 
dFdC, 0.01 ~M 
dFdC, 0.1 ~M 
dFdC, 10 ~M 
Hydroxyurea, 5 mM 

and 96.8 % respectively. A further decrease 
of (3H]Cyd incorporation was noted after 
exposure to 10 flM dFdC. By comparison, 
after exposure to HU no radioactivity was 
determined in the dCTP pool and incorpo
ration of (3H]Cyd into DNA was reduced by 
91.1 %. 

Modulation of dFdCMP Deamination by 
dCTp, dTTp, and dFdCTP. In broken cell 
extracts dCTP was found to be a necessary 
activator of dFdCMP deamination. dTTP 
inhibited dCMPD depending on the ratio of 
dTTPJdCTP. A 50 % inhibition of dFdCMP 
deamination was reached at a fourfold 
excess of dTTP over dCTp, while complete 
inhibition of dCMPD was achieved at a 
dTTPJdCTP ratio of 20. Also dFdCTP was 
inhibitory to dCMPD. In the presence of 
5 flM dCTP, deamination of dCMP was in
hibited with an ICso of 0.46 mM dFdCTP. 

dCMPD as a Determinant of dFdCTP 
Elimination. The relation between dCMPD 
activity and cellular dFdCTP elimination 
was investigated by use of the dCMPD 
inhibitor dTHU. After washout of 0.1 flM 
dFdC (2 h), linear elimination of dFdCTP 
was expected. Coincubation of cells with 
100 flM dTHU induced a nearly complete 
inhibition of dCMPD [6] and transformed 
linear dFdCTP elimination into biphasic 
kinetics with an apparent tIn~ of 19 h. The 
inflection from linear elimination kinetics 
occurred at 4-5 h after drug washout, an 
effect not observed with THU, an inhibitor 
of CydJdCyd deaminase. 
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[5-'H]Cyd incorporation 

dCTP 

100 ± 5 
42.3 ± 7.1 
3.4 ± 3.6 
0.7 ± 0.9 

o 

Discussion 

DNA 

100 ± 1 
39.0 ± 2 
3.2 ± 0.6 
4.7 ± 1.2 
8.9 ± 0.1 

Cellular dFdCTP elimination is unique in 
that it is characterized as a concentration
dependent process. Low dFdCTP concen
trations (30 flM) at drug washout allowed 
linear elimination kinetics. However, bi
phasic dFdCTP elimination was observed at 
a dFdCTP concentration of 460 flM. While 
tina was not concentration dependent, tln~ 
increased as a function of cellular dFdCTP 
concentration. Comparable kinetics of drug 
triphosphate elimination have not been 
observed with ara-CTp, ara-ATp, or F
ara-ATP [2, 9]. 

To better understand the mechanism 
behind the biphasic elimination kinetics, 
the extracellular products of dFdCTP cata
bolism were studied. Since activity of cytid
ine deaminase is insignificant in CEM cells, 
extracellular accumulation of dFdU essen
tially occurred as a function of dCMPD 
activity. In fact, it was observed that dFdU 
excretion into the extracellular medium was 
inhibited at high intracellular dFdCTP con
centrations (data not shown). We therefore 
hypothesized that a relative inhibition of 
dCMPD activity may occur at high cellular 
concentrations of dFdCTP. 

Several mechanisms of dFdC-mediated 
inhibition of dCMPD can be proposed: 
1. Experiments performed in crude cell 

extracts indicated that dFdCTP inhibits 
dCMPD with an ICso of 0.46 mM; 

2. dFdCMP deamination by dCMPD is 
subject to allosteric regulation by dCTP 
as an activator, and dTTP as an inhibi
tor. 



dCMPD inhibition was dependent on the 
ratio of dTIP/dCTp, and complete inhibi
tion was achieved at a 20-fold excess of 
dTIP over dCTP. 

The importance of these considerations 
became evident in view of dFdC-mediated 
perturbations of cellular dNTP (Fig. 2). In 
fact, dFdC inhibits ribonucleotide reduc
tion (RR) comparable to the effect of 
hydroxyurea [10]. dFdC-mediated RR inhi
bition resulted in a greater depletion of 
dCTP than of dTTP and accordingly 
increased the ratio of dTTP/dCTP. The 
degree of dTTP/dCTP elevation as well as 
the velocity of recovery from an elevated 
dTTP/dCTP ratio were dependent on the 
cellular concentration of dFdCTP or its 
metabolites (data not shown). 

Consequently, dFdCTP may inhibit its 
own catabolism by a concentration-depen
dent modulation of dCMPD activity. In 
accordance with this hypothesis, dTHU
mediated inhibition of dCMPD changed 
linear elimination of dFdCTP into biphasic 
kinetics similar to those seen at high 
dFdCTP concentrations. We conclude that 
inhibition of dCMPD and RR is part of the 
self-potentiative activity of dFdC which is 
responsible for delayed cellular elimination 
and increased cytotoxicity of dFdCTP. 

Summary 

Cellular pharmacodynamics of 2,2'-di
fluorodeoxycytidine (dFdC) are character
ized by the ability of dFdC metabolites to 
inhibit dCMP deaminase (dCMPD) and 
ribonucleotide reductase. Elimination of 
dFdCTP from CCRF-CEM cells is regu
lated by the activity of dCMPD, an enzyme 
which effectively deaminates dFdCMP to 
the nontoxic product dFdUMP. As cellular 
dFdCTP concentrations increased ;::::100 [lM 
(after 2 h exposure to dFdC ;::::0.3 [lM), 
dFdCTP elimination was transformed from 
monophasic to biphasic kinetics and thus to 
a slower catabolism. In fact, high concen
trations of dFdCTP (ICso = 0.46 mM) were 
inhibitory to dCMPD in cell extracts. Inhi
bition of dCMPD was also induced by a 
depletion of the allosteric activator dCTP 
or an excess of the allosteric inhibitor dTTP, 
resulting 10 an elevated ratio of 

dTTP/dCTP. Perturbation of dNTP pools, 
specifically an elevation of the dTTP/dCTP 
ratio, was induced by dFdCDP-mediated 
inhibition of RR. Exposure of CEM cells to 
dFdC predominantly depleted the dCTP 
pool, while the pool sizes of dTTp, dATP, 
and dGTP were less affected. A 2-h expo
sure to 0.1 [lM or 10 [lM dFdC increased the 
dTTP/dCTP ratio by 6.7- and S.l-fold re
spectively. In CEM cell extracts dCMPD 
activity was reduced by 50 % at a fourfold 
excess of dTIP over dCTP. Additionally, 
inhibition of ribonucleotide reductase ac
tivates the dNTP salvage pathway and with 
it phosphorylation of dFdC to dFdCTP. We 
conclude that dFdC-mediated modulation 
of dCMPD and RR contribute to an 
increased accumulation and prolonged 
elimination of cellular dFdCTP. 
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Screening of 19 Monoclonal Antibodies for their 
Potential as Ricin A-Chain Immunotoxins Against Myeloid 
Leukemia Cell Lines* 

A. Engert1.2, A. Brown l , V. DiehF, and P. Thorpe l 

Introduction 

Second-generation ricin A-chain immuno
toxins have better stability, higher purity, 
and home to the liver much less rapidly than 
their predecessors [1, 2]. They have been 
demonstrated in vitro and in vivo to have 
potent antitumor activity against B-cell 
lymphomas, T-cell lymphomas, and Hodg
kin's disease tumors [3-S] and are currently 
undergoing clinical evaluation in man [6]. 
Few attempts have been made hitherto to 
evaluate immunotoxins for the treatment of 
AML [7]. In the present study we screened 
19 monoclonal antibodies (MoAbs) for 
their potential as ricin A-chain immunotox
ins against four myeloid cell lines. 

Material, Methods, and Results 

The characteristics of the 19 MoAbs are 
listed in Table 1. Most of the antibodies 
tested bind to myeloid antigens (CD 13, 
CDwI7, CD33, CD34) whereas the remain
der recognize activation antigens (CD2S, 
CD30, CD71) which are present on both 
myeloid and nonmyeloid cell types. The 
four myeloid cell lines used as targets were 
KS62, U937, HL60, and KGl. 

FACS analysis performed by standard 
techniques indicated that CD13, CDlS, 
CD33, and CD71 antibodies strongly 

1 Drug Targeting Laboratory, ICRF, Lincoln's 
Inn Fields, London, WC2A 3PX, UK 
2 First Medical Clinic, University of Cologne. 1. 
Stelzmannstr. 9, 5000 Cologne 41, FRG 
* Supported in part by DFG grant En 179 111. 

stained U937, HL60, and KGl cells where
as the CD36 antibody and the El, E2, and 
E3 antibodies against unclustered determi
nants stained these cells weakly (Table 2). 
The KS62 cell line showed variable and 
generally weaker staining with all the anti
bodies except the CD71 (anti-transferrin 
receptor) antibodies. 

The potential of the MoAbs to form ricin 
A-chain immunotoxins was screened by an 
indirect cytotoxicity assay in which the 
target cells are incubated first with the test 
antibody and then with an affinity-purified 
goat Fab'prime immunotoxin directed 
against mouse immunoglobulin. The doub
le-layer immunotoxin enters the target cell 
as would the direct-linked immunotoxin 
and the assay therefore reliably predicts the 
potency of any given MoAb as ricin A-chain 
immunotoxin [8]. As shown in Table 3, only 
the CD71 MoAbs, MEM7S and 120-2A3, 
formed effective immunotoxins against the 
myeloid target cell lines. Indirect immuno
toxins prepared from all the other antibod
ies in the panel were completely ineffective 
against U937, HL60, and KGl cells. Addi
tionally, they were mostly ineffective 
against KS62 cells with only 1 G 10 (CD IS), 
TSA7 (CDI7), and SFI (CD36) showing 
weak toxicity. 

Discussion 

The major finding to emerge from the 
present study was that human myeloid 
leukemia cell lines are poorly susceptible to 
killing by ricin A-chain immunotoxins. 
Only CD71 MoAbs which recognize the 
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Table 1. Monoclonal antibodies evaluated in the present study 

Antibody Reactivity Isotype Source 

Myeloid antigens My7 CD13 IgG2b Coulter Imm. 
WM15 CD 13 IgGl Sera Lab. 
1GlO CD15 IgM Bernstein 
T5A7 CDw17 IgM Bernstein 
My9 CD33 IgG2b Coulter Imm. 
WM53 CD33 IgGl Sera Lab 
p67-7 CD33 IgGl Bernstein 
12.8 CD34 IgM Bernstein 
E1 Unclustered n.k. Bernstein 
E2 Unclustered n.k. Bernstein 
E3 Unclustered n.k. Bernstein 

Activation antigens B-BlO CD25 IgGl Wijdenes 
HRS-3 CD30 IgGl Pfreundschuh 
MEM-75 CD71 IgGl Horejsi 
120-2A3 CD71 IgGl Villela 

Various RFB4 CD22 IgGl Chen 
5F1 CD36 IgM Bernstein 
IB3 Unclustered IgG2a Bernstein 
TDR31.1 MHC classII IgGl Bodmer 

n.k., not known 

Table 2. FACS analyses on myeloid cell lines 

Antibody Specificity Intensity of staining 
K562 U937 HL60 KGl 

My7 CD 13 ++ ++ ++ 
WM15 CD 13 ++ +++ ++ 
1GlO CD15 + ++ ++ ++ 
T5A7 CD17 + ++ ++ 
RFB4 CD22 + 
B-BlO CD25 ++ 
HRS-3 CD30 ++ + + 
My9 CD33 + ++ ++ ++ 
WM53 CD33 + ++ +++ +++ 
p67-7 CD33 + +++ +++ +++ 
12.8 CD34 + ++ 
5F1 CD36 + + + + 
IB3 Unclustered + + + 
E1 Unclustered + +++ +++ 
E2 Unclustered ++ + ++ 
E3 Unclustered + + + 
TDR3l.1 MHC class II + + ++ 
MEM75 CD71 +++ +++ +++ + 
120-2A3 CD71 +++ +++ +++ ++ 

-, MFI <20 U; +, MFI 21-70 U; ++, MFI 71-120 U; +++, MFI >120 U 

374 



Table 3. Potency of ricin A-chain immunotoxins as predicted by an indirect cytotoxicity assay on 
myeloid cell lines 

Antibody 

My7 
WM15 
1GlO 
T5A7 
RFB4 
B-BlO 
HRS-3 
My9 
WM53 
P 67-7 
12.8 
5F1 
IB3 
E1 
E2 
E3 
TDR31.1 
MEM-75 
120-2A3 

Specificity 

CD 13 
CD 13 
CD15 
CD17 
CD22 
CD25 
CD30 
CD33 
CD33 
CD33 
CD34 
CD36 
Unclustered 
Unclustered 
Unclustered 
Unclustered 
MHC class II 
CD71 
CD71 

K562 

+ 
+ 

+ 

++ 
++ 

transferrin receptor (TfR) showed signifi
cant toxicity to four myeloid leukemia cell 
lines. CD71 immunotoxins, however, are 
probably unsuitable for clinical use in the 
systemic treatment of AML since TfR is 
expressed on vital tissues such as liver, 
pancreas, and brain endothelium [9]. 
Importantly, ricin A-chain immunotoxins 
against CD22, CD25, and CD30, which 
have been demonstrated previously to be 
extremely effective at killing B cells, Tcells, 
and Hodgkin's cells [3-5] failed to kill 
myeloid target cells, suggesting that myel
oid cells tend to have a lower susceptibility 
to killing by immunotoxins than nonmye
loid cells. 

Immunotoxins containing ricin A-chain 
are known to differ in their potency 
depending on the affinity of the immuno
toxin to the target antigen [3], the density of 
the target antigen on the target cell [10], the 
location of the epitope recognized by the 
immunotoxin on the target antigen [11], 
and the rate and route of endocytosis of the 
antigen-immunotoxin complex [12]. Kinet
ic studies performed on HL60 cells with an 
effective CD71 immunotoxin, 120-

Predicted cytotoxic potency 

U937 

+ 
+ 

HL60 

+ 
+ 

KGl 

+ 
++ 

2A3.dgA, and an ineffective CD33 immu
notoxin, p67-7.dgA, demonstrated that 
p67-7.dgA was more rapidly endocytosed 
and, in comparison, about twice as rapidly 
degraded to TCA-soluble material [13]. 
These data suggest that myeloid cells might 
degrade ricin A-chain immunotoxins rather 
than transport the A-chain to the cytosol 
where it acts by catalytically inactivating 
ribosomes. 

We are currently investigating improved 
immunotoxins for AML including the use of 
substances that block the rapid lysosomal 
degradation or potentiate the entry of A
chain into the lysosomes. 
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Clinical Trials in Relapsed 
and Refractory Acute Myeloid Leukemia 



Patterns of Failure in Salvage Therapy for Acute Myelogenous 
Leukemia 

M.l Keating, H. Kantarjian, S. O'Brien, E. Estey, C. Koller, M. Beran, 
K.B. McCredie, and E.l Freireich 

Introduction 

The advent of cytosine arabinoside and 
daunorubicin into clinical practice in the 
late 1960s converted acute myelogenous 
leukemia (AML) from an incurable to a 
potentially curable disease [1]. In the last 20 
years, the complete remission rates for 
combinations of therapy as initial induction 
regimens have been of the range of 
50 % -80 % [2-4]. Despite a variety of po
stremission strategies, the majority of 
patients who enter remission relapse with a 
median of 12-15 months [2-5]. Between 
20 % and 30 % of patients appear to be 
cured of their disease if they achieve a 
remission as they remain free of disease for 
periods in excess of 5 years. Treatment of 
patients who either fail to achieve a com
plete remission (primary refractory) or who 
relapse following a remission (relapsed 
patients) is unsatisfactory. The majority of 
studies which are reported are conducted 
on selected patients with a variety of com
binations. For similar regimens such as 
high-dose cytosine arabinoside, the re
sponse rates vary from 25 % to 60 % [6-8]. 
While this may be a result of the chemo
therapy offered to these patients, an alter
nate explanation is that the characteristics 
of the patients entered on studies is diffe
rent. Very few comparative trials of various 
regimens have been conducted in salvage 
therapy for AML so that the best approach 
to reinduction therapy has not been es-

University of Texas, MD Anderson Cancer Cen
ter, 1515 Holcombe Blvd., Box 38, Houston, 
Texas 77030, USA 

tablished. With the advent of new agents 
such as amsacrine, mitoxantrone, etopo
side, and idarubicin and various schedules 
of high-dose cytosine arabinoside, a variety 
of treatment programs are now being 
recommended for management of refracto
ry or relapsed AML patients [9-11]. 

The purpose of this study was to evaluate 
the response to treatment of refractory and 
relapsed patients with AML. Factors pre
dictive for either probability of achieving a 
complete remission or dying during remis
sion induction have been sought. The out
come of treatment over different time pe
riods in the last 15 years has also been 
compared. The purpose of this study was to 
get a sense as to whether any treatment 
regimen is more or less likely to obtain 
complete remission or whether the out
come of patients after failing their initial 
attempt at cure is determined predominant
ly by treatment or by the biology of their 
leukemia. 

Patient Population 

All patients who have received their initial 
remission induction therapy at the MD 
Anderson Cancer Center and were classi
fied either as primary refractory (failing to 
achieve complete remission on initial re
mission induction therapy) or relapsed (re
current leukemia after having achieved a 
complete remission) were evaluated. A 
total of 1211 patients underwent remission 
induction therapy between 1975 and 1990. 
Of this group, 151 were considered primary 
refractory to treatment and 476 achieved a 
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complete remISSIOn and subsequently re
lapsed. Of the primary refractory patients, 
105 (70 %) went on to receive salvage 
therapy at our institution and of those 
patients that relapsed 405 (85 % ) went on to 
receive salvage therapy. Thus a total of 510 
patients underwent salvage therapy at the 
MD Anderson Cancer Center between 1975 
and 1990. Twenty-one percent of these 
patients were primary refractory, 46 % had 
an initial remission duration of less than 12 
months, and 33 % had an initial CR dura
tion of greater than 12 months. The patient 
characteristics are illustrated in Table 1. A 
substantial number of patients had prior 
malignancies or prior myelodysplastic syn
drome. A small proportion of the patients 
had organ dysfunction and poor perform
ance status which would have interdicted 
their being treated on most salvage proto
cols. 

Table 1. Characteristics of salvage AML 
population: 1974-1991 

Total 

Male/female 
Age <50 years 
Primary refractory 

CR duration <12 months 
Prior malignancy 
Prior MDS 

510 

55% :45% 
56% 
21 % 

>67% 
46% 
9% 

20% 
Creatinine >2 mg % 3 % 
Bilirubin >2 mg % 4 % 
Performance status 3-4 6 % 

A variety of treatment options were used 
during the time period under discussion. 
Conventional dose ara-C (50-200 mg/m2 
per day for 5-10 days), used either alone or 
combined with other agents such as anthra
cyclines,amsacrine, or mitoxantrone, was 
administered to one-sixth of the patients. A 
variety of high-dose and intermediate-dose 
ara-C regimens have been used either alone 
or combined with the above-mentioned 
agents. Intermediate dose ara-C is defined 
as being in the range of 500 to 1 000 mg/m2 
given every 12 h. High-dose cytosine arabi
noside is 3 g/m2 given over 2 h every 12 h. In 
addition, a number of patients received 
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continuous infusion therapy with high-dose 
ara-C (doses of 1.5-3 g/m2 per day for 4-5 
days). These regimens respectively are clas
sified as intermediate- and high-dose ara-C 
± other drugs. Approximately one-fourth 
of the patients received such regimens. A 
number of patients received an anthracy
cline or amsacrine as a single agent and a 
small number received mitoxantrone either 
as a single agent or combined with etopo
side (VP-16) as their initial salvage therapy. 
Six percent of patients underwent trans
plant. Approximately one-fourth of the 
patients received a variety of phase IIII 
studies as their first salvage therapy and are 
classified as miscellaneous (Table 2). 

Table 2. Regimens used in first salvage 
AML treatment, 1974-1991 

Regimens No. Percent 

Conventional dose 84 16.5 
ara-C/others 
High- and intermediate-dose 137 26.9 
ara-C/others 
Anthracyclines 67 13.1 
Amsacrine 45 8.8 
Mitoxantrone ± VP-16 23 4.5 
Transplant 31 6.1 
Miscellaneous 121 23.7 

Before combining such diverse patient 
populations together, the outcome of ther
apy during various time periods was 
evaluated. The patients were split into the 
time periods of 1974-1980, 1981-1985, and 
1986-1991 and compared for outcomes. As 
seen in Table 3, the complete remission rate, 
the proportion of patients dying on study, 
and the proportion of patients who were 
resistant were very similar during the 
observed time periods. In addition, as illus
trated in Fig. 1, the survival of patients 
during the same three time periods was 
almost identical. 

Results 

Of the 510 patients treated, 155 (30 % ) 
obtained a complete remission; 129 (25 % ) 



Table 3. Response to initial salvage treatment of AML by time period 

Time period 

1974-1980 
1981-1985 
1986-1991 

1.0 

0.8 

OJ 
~ 
Ci: 0.6 
c 
0 
:;:: ... 
0 
Q. 0.4 0 ... a.. 

0.2 

0.0 
o 

, , 

No. pts. 

181 
153 
176 

52 

% CR 

29 
31 
31 

104 

% Died 

25 
26 
25 

Total 

181 

153 

176 

156 

Weeks 

Died 

175 

144 

154 

1974-80 

1981-85 

1986-91 

208 

% Resistant 

46 
43 
44 

260 

Fig. 1. Survival AML first salvage by time period 

died during their salvage treatment attempt 
and 226 (44 %) were resistant but survived 
their remission induction therapy. The times 
to either achieving complete remission or 
dying are illustrated in Fig. 2. Eighty-five 
percent of the patients who were classified 
as complete remission or died had reached 
that status by 8 weeks. 

The response rate according to the diffe
rent treatment regimens used is illustrated 
in Table 4. There was a variation in treat
ment outcome with complete remission 
rates of 24 %-52 %, death rates of 
19 %-35 %, and resistance of 19 %-48 %. 
The exception to this was in the miscella
neous group of studies where patients 
received a variety of phase I-II regimens. In 

this group the complete remission rate was 
only 7 %. The proportion of patients who 
were resistant to these therapies is also 
higher than for regimens of proven activi
ty. 

A number of characteristics associated 
with probability of achieving a complete 
remission or probability of dying following 
salvage therapy for AML were evaluated. 
The results are illustrated in Table 5. Over
all, there was a fairly good correlation with 
the probability of different patient charac
teristics predicting for the outcomes of 
complete remission or inversely death. For 
example, patients with a long initial com
plete remission had a high probability of 
achieving a complete remission and a low 
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Fig. 2. Time to response: first salvage AML 

Table 4. Outcome of salvage therapy according to regimen used 

Regimen Patient %CR % Died % Resistant 

Conventional ara-C 84 39 
High-dose ara-C 140 42 
Anthracyc1ine 67 24 
Amsacrine 45 29 
Mitoxantrone ± VP-16 23 39 
Transplant 31 52 
Miscellaneous 121 

probability of dying during remission induc
tion therapy. A similar pattern was noted 
for various cytogenetic groups. Patients 
who were older had a lower likelihood of 
obtaining a complete remission and a high
er probability of dying during salvage ther
apy. Other parameters such as the LDH 
level, liver, and renal function, infection 
status at the time of initiating treatment, 
performance status, height of the white 
blood cell count, history of prior myelodys-
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7 

19 42 
25 33 
28 48 
27 44 
35 26 
29 19 
25 69 

plastic syndrome, hemoglobin level, and 
platelet count were all predictive for out
come. 

The strongest predictor for probability of 
achieving remission was the duration of the 
initial remission duration or whether the 
patients were primary refractory to remis
sion induction therapy (Table 6). Probabil
ity of CR, resistance, and death for patients 
who are primarily refractory or had remis
sion duration of 1-6 months or 7 -12 months 



Table S. Characteristics associated with 
probability of CR with salvage therapy of 
AML 

CR Death 

I. Duration of initial CR +++ +++ 
2. Karyotype +++ +++ 
3. Age +++ +++ 
4. LDH level ++ ++ 
5. Organ function +++ +++ 
6. Infection status + +++ 
7. Albumin level ++ +++ 
8. Performance status +++ +++ 
9. WBC count ++ +++ 

10. Prior MDS +++ +++ 
II. Hemoglobin level + 
12. Platelet count + +++ 

+, p<.05; ++, p<.Ol; +++, p <.001 

was very similar. There was a fairly high 
proportion of patients who were primary 
refractory who died during their initial 
salvage attempt. There has been a steep 
increase in probability in achieving com-

plete remission on salvage therapy for those 
who had been in remission for more than 12 
months and in particular those who had 
been in remission for more than 18 
months. 

We have previously published a logistic 
regression model which is able to calculate 
an expectation for the probability of achiev
ing complete remission on first salvage 
therapy [12]. The factors included in this 
model are the initial CR duration, the age of 
the patient, and the serum LDH value. This 
model was applied to the whole patient 
population (Table 6) and to the different 
treatment regimens. After adjusting for 
these characteristics, the observed vs. 
expected number of complete remissions 
was highest for the high-dose ara-C regi
mens and the mitoxantrone ± VP-16 regi
mens (Table 7). No predictive model has 
been developed for risk of dying during 
salvage therapy. The conventional dose ara
C regimens failed to match their expecta
tion as did the anthracycline regimens. If 
the CR rates are compared for patients 

Table 6. Prognostic factors for response to first salvage therapy 

Characteristic Value Patients % CR % Died % Resistant 

Age (years) <40 196 38 17 44 
40-49 89 33 18 49 
50-59 85 22 31 47 
2::60 141 20 38 41 

Karyotype inv16 28 64 4 32 
t(15;17) 23 70 17 13 
t(8;21) 35 37 20 43 
Diploid 227 32 20 48 
+8 35 14 51 34 
-5/-7 47 4 47 49 
Misc. 76 24 21 55 
Insufficient 35 20 40 40 
metasphases 

Duration of initial CR 0 105 19 35 46 
(weeks) (Refractory) 

4-25 109 17 25 59 
26-51 124 22 25 53 
52-77 86 43 20 37 
2::78 86 59 20 21 

Probability of CR <0.1 82 7 41 51 
first salvage 

0.1-0.19 97 16 36 49 
0.2-0.29 151 24 22 53 
0.3-0.39 36 39 17 44 
2::0.4 147 55 14 31 
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Table 7. Observed vs. expected CR rates for 
categories of treatment 

OlE ratio 

Regimen CR Death 

Conventional ara-C 0.90 ? 
High-dose ara-C 1.23 ? 
Anthracyclines 0.82 ? 
Amsacrine 1.02 ? 
Mitoxantrone ± VP-16 1.38 ? 
Transplant 1.04 ? 
Miscellaneous 0.32 ? 

whose initial remission duration was short 
or long, it can be seen that all of the 
treatment regimens had their greatest activ
ity in patients whose initial remission dura
tion was prolonged (Table 8). A similar 
observation can be made for those with 
favorable cytogenetic categories such as 
t(8;21), t(15;17), and invl6. The diploid and 
miscellaneous groups of patients were 
intermediate; patients with trisomy of chro
mosome number 8 or loss of all or part of 
chromosomes 5 or 7 had a disappointing 
response whatever treatment regimen was 
offered to them. 

The survival of patients who underwent 
first salvage therapy is strongly influenced 
by their response to the initial salvage 
therapy. Patients who were resistant to 
salvage attempts had a significantly worse 
outcome than those who achieved a com-

plete remission on initial salvage treatment. 
Of those patients who did achieve a com
plete remission, 16 % are alive at 5 years 
(Fig. 3). The duration of first complete 
remission is strongly associated with sur
vival following the first salvage therapy. The 
only patients who were identified to have a 
reasonable probability of being alive at 5 
years with a potential for cure on salvage 
therapy were those whose initial CR dura
tion was greater than or equal to 18 
months. 

Discussion 

This study reviews their outcome following 
first salvage therapy for AML at a major 
singular institution over a period of 15 
years. The consistency of treatment out
comes for first salvage therapy and the 
consistency of the survival curves for three 
discrete time periods over that 15 years 
suggest that there has been no major 
advance in management of relapsed or 
refractory patients with AML over this time 
period. An uncontrolled variable in this 
analysis is the intensity of the treatment that 
the patients have received prior to being 
exposed to salvage therapy. On the other 
hand, no dramatic improvement in re
sponse rate or survival following salvage 
therapy occurred after the introduction of 
high-dose ara-C regimens or the use of 
agents such as amsacrine and mitoxan
trone. 

Table 8. Response to various treatment approaches: first salvage therapy for AML according to initial 
CR duration 

Duration of initial CR (weeks) 

Treatment Refractory 4-51 52-77 ~78 

Conventional ara-C ± others 0/4 (-) 3/30 (10) 9/19 (47) 19/30 (63) 
High + Intermediate ara-C 8/28 (29)' 14/54 (26) 16/27 (59) 20/32 (63) 
± others 
Anthracyclines 217 (29) 9/42 (21) 2/14 (14) 3/4 (75) 
Amsacrine 1115 (7) 7/20 (35) 3/6 (50) 2/4 (50) 
Mitoxantrone ± VP-16 2/5 (40) 6/14 (43) 0/3 (-) 111 (100) 
Transplant 417 (57) 4/8 (50) 5/9 (56) 3/6 (50) 
Miscellaneous 2/41 (5) 3/67 (4) 117 (14) 2/6 (33) 

Total 20/107 (19) 46/235 (20) 36/85 (42) 50/83 (60) 

a CRltotal (%) 

384 



CII 
~ 

1.0 

0.8 

:c 0.6 
c 
o 
:;:: .. 
o g. 0.4 .. 
D. 

0.2 

I 
I 
I 
... 
:~ 
\E. 

'1== \~ h··! 
U! 
l' :.. 1. ~ 
l~ ! 

.. ..... : 

-....... , 
I • 

"' ......... : ....... : 

Total Died 

16 

14 

23 

34 

49 

13 

14 

20 

26 

33 

....... ~ 

Primary Refractory 

< 6 mos. 

< 12 mos. 

< 18 mos. 

~ 18 mos. 

't!,·L~ 
L __ --~ftftftftftftftftftft'-----~~~~~ 

I ~ .......................... . 
0.0 L-_..&..._.L.L._--' __ L.-_-'--_...&..._L..L._--'"--_.&...._ .... 

o 52 104 156 208 260 

Weeks 

Fig. 3. Complete remission duration AML first salvage by duration first CR 

The major determinant of outcome on 
initial salvage therapy is the prior history of 
responsiveness of the patient to initial ther
apy [12, 13]. Patients who were refractory 
to their initial treatment regimen have a low 
probability of responding to any salvage 
program. Likewise, patients who had an 
initial response to treatment but relapsed in 
less than 12 months presumably have a 
substantial proportion of their leukemia 
cell population at time of initial diagnosis 
that has a resistant phenotype. Whether this 
is based on multi-drug resistance or some 
other phenotypic expression of resistance is 
uncertain. However, it is obvious that 
patients with more sensitive disease, name
ly those whose initial remissions lasted for 
more than 12 months, have the highest 
salvage response rate. This finding is similar 
to that of Hiddemann et al. , where patients 
with long initial remissions had a high 
response rate and this superior survival 
compared with patients with refractory 
disease or short initial remissions [13]. They, 
however, found that patients whose initial 
remissions were between 6 and 12 months 
had a superior response rate than those with 

shorter remissions. This discordance may be 
due to differences in prior treatment expe
rience of the patient groups or favorable 
subsets of patients being included on diffe
rent studies. 

The major outcomes following initial 
remission induction therapy are complete 
remission and death during induction. The 
proportion of patients that are refractory to 
initial remission induction is approximately 
10 %. However, in salvage therapy, resist
ance emerges as a major feature. In even 
the most intensive regimens which include 
high-dose cytosine arabinoside alone or 
together with other treatments, one-third 
of the patients are refractory and many 
patients who die during salvage therapy 
have a substantial amount of residual leu
kemia at the time of death. This area 
appears to be a fertile ground for investiga
tion of strategies for overcoming the resist
ant phenotype in AML. 

While the duration of initial remission is 
strongly correlated with response and sur
vival, the biologic determinant of karyo
type cannot be overlooked. It is now well 
established that patients with inv16 or 
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t(15;17) have long initial remission dura
tions following initial therapy while 
patients who are t(; 21) or diploid have 
intermediate CR durations and those with 
other karyotypes have inferior CR dura
tions [14]. Thus the karyotype is closely 
correlated with initial remission duration 
and is probably the major determinant of 
responsiveness to various chemotherapy 
regimens. The dismal response rate and 
survival of patients with abnormalities in 
chromosomes number 5 and 7 or trisomy of 
chromosome number 8 following salvage 
therapy reflects the low response rate and 
short initial remission duration following 
their first treatment regimen of these sub
sets [14]. It is obvious that new treatment 
approaches need to be undertaken for such 
patients. 

Studies have been undertaken predicting 
the probability of early mortality in initial 
remission induction [15]. These factors 
include the age of the patient, organ func
tion, performance status, infection status, 
neutrophil count, platelet count, hemoglo
bin level, etc. Similar features appear to 
apply to patients undergoing salvage thera
py. The large number of factors that are 
associated with probability of complete 
remission and probability of dying during 
salvage therapy suggests that predictive 
models could be developed which can be 
prospectively applied and used as monitor
ing methods for sequential analysis of clin
ical trials. The prognostic factor model, 
which we developed and published [12], is 
useful prospectively in identifying probabil
ity of achieving complete remission. 

The majority of treatment regimens 
which have been published as being very 
effective are single arm studies [6-11, 16, 
17]. A major deficiency in these studies is 
that the pool of patients from which they 
have been derived is uncertain. For exam
ple, what proportion of patients refractory 
to initial treatment regimens actually go on 
to receive the reported salvage regimen? 
Likewise, are patients who have had short 
remissions less likely to return for aggres
sive chemotherapeutic approaches or are 
they more likely to be treated with pallia
tive regimens. While it is important to 
develop regimens which are active and well 
tolerated, there is a deficiency in the sal-
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vage literature of comparative studies or 
efforts to provide meaningful information 
regarding the pretreatment characteristics 
of the patient population such as the num
ber of patients who were refractory to 
initial remission induction therapy or had 
short remissions. One solution to this pre
dicament could be the development of 
predictive models for complete remission 
and dying during therapy. However, an 
alternate method may be comparative 
studies. It is unlikely that the biology of 
leukemia is changing substantially but there 
are certainly consistent changes in referral 
practice to different institutions. Addition
ally entry criteria of patients onto protocols 
are more tightly defined now than previous
ly. Unless particular attention is paid to 
detail, single arm studies, or comparisons 
with literature or historical controls are 
fraught with difficulty. 

The fact that all of the treatment regi
mens are more effective in patients with 
long initial remission durations suggests 
that the actual treatment regimens that are 
offered are less important than the biologic 
determinants of the disease. Part of this 
may be due to the fact that there has been 
more intensive use of agents such as cyto
sine arabinoside and anthracyclines, mitox
antrone, etc. in recent years during the 
initial remission induction and intensifica
tion phases of patient's treatment histories. 
This factor may have a negative impact on 
the response to salvage therapy and survival 
after salvage therapy. 

One challenging area is the concept of 
conducting phase lIII trials in first salvage 
patients. As is obvious from our analysis, 
the miscellaneous group of treatment 
regimens which include a number of phase 
1111 studies is associated with a low response 
rate and a high proportion of patients 
failing because of resistant disease. It 
appears reasonable to offer phase 1111 
studies to patients who were initially refrac
tory to remission induction therapy or had 
remission durations of less than 12 months 
as the possibility of such patients achieving 
a complete remission on best conventional 
therapy is less than one in three and the 
chance of being cured with chemotherapy is 
almost nil. Thus, new approaches to treat
ment would seem best offered to this subset 



of patients. However, patients whose initial 
remission duration was greater than 18 
months are very similar to patients who 
present with de novo disease with a high 
response rate to salvage therapy and a 
similar probability of long-term survival 
following relapse as de novo presentations 
of acute leukemia. This subset of patients 
might best be treated for cure on the 
treatment regimens being studied for front
line patients. Salvage therapy research is 
essential for us to develop new agents or 
combinations. In addition, it appears to be 
the most opportune area to investigate 
mechanism of overcoming resistance to 
established agents in AML. 
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Cancer and Leukemia Group B Studies in Relapsed AML 

E. 1. Lee, P. C. Amrein, P. A. Paciucci, and C. A. Schiffer 

In the past 20 years, substantial progress 
has been made in the treatment of acute 
myeloid leukemia (AML), previously a 
uniformly fatal diseae. Initial treatment 
usually consists of a combination of cyto
sine arabinoside (Ara-C) and daunorubi
cin, and complete remission (CR) is 
achieved in approximately 65 % of patients 
with somewhat higher response rates in 
younger patients. Once CR is achieved, 
further chemotherapy is necessary to pro
duce long term disease free survival. How
ever, the majority of patients will relapse; 
despite the use of these two active drugs as 
postremission therapy in schedules that 
have included a 30-fold increase in the dose 
of Ara-C, there has been, at best, only a 
modest improvement in survival. Thus, de
spite 15 year of use of the combination of 
daunorubicin and Ara-C, the fraction of 
patients cured with chemotherapy remains 
in the range 20 %-25 % [1-5]. Substantial 
improvement in long-term disease-free sur
vival has been elusive. 

Once relapse occurs, further use of the 
anthracycline/Ara-C combination rarely re
sults in prolonged relapse-free survival. For 
this reason, many patients in first relapse of 
AML have been treated with chemothera
peutic agents not previously tested in AML. 
The possibility exists that new drugs may 
have different mechanisms of action and 
may not be cross-resistant with standard 
drugs. This lack of cross-resistance may be 
suggested by the ability to obtain CR in 
patients who have not achieved CR follow-

University of Maryland Cancer Center, 22 S. 
Greene St., Baltimore, Maryland 21201, USA 
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ing Ara-C and daunorubicin (patients with 
refractory AML), by the demonstration of 
cure in patients who achieved CR but were 
not cured with standard initial treatment, 
and by the occurrence of longer remission 
durations following treatment with newer 
agents when compared to the duration of 
CR following initial treatment. 

Cancer and Leukemia Group B 
(CALGB) and the University of Maryland 
Cancer Center (UMCC) have conducted a 
series of phase I and II studies in patients 
with relapsed and refractory AML, and 
have identified new drugs and combinations 
of new drugs that may not be cross resistant 
with anthracycline-Ara-C. The goal of such 
studies was to improve outcome for patients 
with AML in relapse, and to identify new 
active regimens for subsequent use in newly 
diagnosed patients with AML. 

Diaziquone (AZQ) is a lipophilic azirid
inylquinone synthesized with the goal of 
producing an agent with alkylating activity 
that could penetrate the central nervous 
system [6]. Initially, no activity was seen in 
patients with relapsed AML using a once 
daily schedule [7]. Based on pharmacoki
netic data that showed a short plasma 
half-life in vivo, and in vitro studies suggest
ing that prolonged exposure was necessary 
for optimal cytotoxic effect [8], a contin
uous infusion trial was performed at the 
University of Maryland Cancer Center 
which documented a CR rate of 23 % [9]. 
There was little nonhematologic toxicity, 
with minimal mucositis. In the initial con
tinuous infusion study at the UMCC, AZQ 
was given at a dose of28 mg/m2 per day for 7 
days. Two patients treated on this initial 



phase I study continue in unmaintained CR 
at 6.5 and 8 years after having relapsed 
following initial treatment with standard "3 
+ 7" induction and intensive, ara-C based, 
postremission chemotherapy. Half of the six 
patients who achieved CR had unmain
tained CRs that were longer than those that 
followed primary treatment for AML. 

Nonetheless, bone marrow aplasia was 
quite prolonged in this group of patients 
receiving a 7-day infusion, with a median of 
48 days to granulocyte recovery (>500 
PMN//lI). A second study was then done 
within CALGB with the duration of infu
sion reduced to 5 days. The CR rate for the 
55 patients with AML treated in first 
relapse was 22 % with a median time to 
granulocyte recovery of 37 days [10]. 
Because there was again minimal nonhema
tologic toxicity, this drug seemed suitable 
for combination chemotherapy with other 
newly identified active agents. 

Initially, AZQ was combined with m
AMSA [11] with acceptable toxicity but the 
combination did not seem to offer any 
advantage over the use of either drug alone. 
Subsequently, studies with etoposide and 
mitoxantrone have been done with the goal 
of identifying regimens for use as consoli
dation treatment for patients with AML in 
first remission. 

A phase I trial of the combination of 
AZQ and etoposide at the University of 
Maryland Cancer Center [12], and two 
CALGB phase I trials of etoposide and 
mitoxantrone [13] and mitoxantrone and 
AZQ [14] were conducted simultaneously. 
These trials tested variable doses of AZQ 
and etoposide in combination with mitox
antrone at 12 mg/m2 per day for 3 days. The 
two major dose-limiting toxicities encoun
tered were prolonged bone marrow aplasia 
and mucositis, the latter particularly at dose 
of etoposide in excess of 150 mg/m2 per day 
for 5 days by continuous infusion. The 
maximum tolerated doses of these drugs 
when used in combination were: AZQ 28 
mg/m2 per day for 5 days as a continuous 
infusion; etoposide 150 mg/m2 per day for 5 
days as a continuous infusion; mitoxan
trone 12 mg/m2 per day for 3 days as a bolus 
infusion. 

In the study of AZQ/etoposide at the 
UMCC, more than half of the patients with 

AML in first relapse achieved unmain
tained CR durations with the new combina
tion that exceeded their initial CR duration 
following intensive postremission Ara-C 
based treatment, and one patient remains 
disease free at 3.5 years without any pos
tremission therapy. 

Subsequently, a randomized phase II 
study was initiated by CALGB to define the 
activity and toxicity of all three different 
couplets. Patients with relapsed or refracto
ry AML were randomized to receive two of 
three drugs at the following doses: AZQ 28 
mg/m2 per day for 5 days by continuous 
infusion; etoposide 150 mg/m2 per day for 5 
days by continuous infusion; mitoxantrone 
12 mg/m2 per day for 3 days by bolus 
infusion. The preliminary results suggest 
that the major toxicity was performed mye
losuppression, and that the combination of 
AZQ/mitoxantrone may be superior in 
patients in first relapse. The CR rats was 
44 % for AZQ/mitoxantrone compared to 
21 % and 22 % for the other combinations. 
Nonhematologic toxicity was relatively 
minimal with a small fraction of patients 
with significant mucosal toxicity [15]. 

A recent report by Brown et al. suggested 
that the combination of cyclophosphamide 
and etoposide in doses usually used with 
bone marrow transplantation has signifi
cant activity in patients with AML resistant 
to induction chemotherapy with high-dose 
Ara-C and daunorubicin, and that this 
regimen can be administered without bone 
marrow transplantation [15]. A CR rate of 
42 % was reported for all patients with 
relapsed or refractory AML treated with 
this regimen, and a CR rate of 30 % was 
noted in patients who had failed to achieve 
CR following initial induction with high
dose Ara-C and daunorubicin. This level of 
activity is unusual in this highly resistant 
group of patients, and this regimen was 
thought to be a reasonable choice to com
bine with AZQ/mitoxantrone in the treat
ment of newly diagnosed, previously 
untreated patients. The combination of 
AZQ/mitoxantrone was chosen so as to 
provide maximum exposure to different 
chemotherapeutic drugs. 

With the hope of improving the prognosis 
for newly diagnosed patients with AML, 
CALGB has planed and carried out a 
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sequence of trials in untreated patients less 
than 60 years of age. The initial trial utilized 
what were felt to be "full" doses of poten
tially non-cross-resistant post remission 
therapy: AZQ 28 mg/m2 per day for 5 days 
by continuous infusion and mitoxantrone 
12 mg/m2 per day daily for 3 days; cyclo
phosphamide (Cytoxan) 50 mg/kg daily for 
4 days and etoposide 2.4 g/m2 given at a 
dose rate of 70 mg/m2 per hour. Many 
patients could not receive both of the 
planned courses of treatment, and myelo
suppression was excessive with prolonged 
granulocytopenia. Of the 46 patients 
entered, there were five deaths from com
plications of postremission therapy. 

A subsequent pilot study was then begun 
using attenuated doses of these agents: 
Cytoxan 50 mg/kg per day for 2 days and 
etoposide 1.8 g/m2 by continuous infusion, 
followed by AZQ 28 mg/m2 per day for 3 
days by continuous infusion and mitoxan
trone 12 mg/m2 per day for 3 days, as well as 
a course of high-dose Ara-C (3 g/m2 over 3 h 
twice daily on days 1, 3, and 5). There are, as 
yet, no data available about the toxicity of 
this sequence. 

With the completion of this pilot study, 
the next trial is planned to be a phase III 
comparison in which newly diagnosed 
patients less than 60 years of age are treated 
with a standard daunorubicin/Ara-C induc
tion followed by randomization between: 
the three cycle treatment currently being 
piloted using high-dose Ara-C followed by 
the two potentially non-cross-resistant 
regimens; the "best" arm of the current 
phase III study [4] which compares three 
different dose levels of Ara-C as postremis
sion therapy (100 or 400 mg/m2 given as 
continuous infusions for 5 days or high-dose 
Ara-C 3 g/m2 given twice daily on days 1, 3, 
and 5). 
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Clinical Trials in Adults with Relapsed and Refractory Acute 
Myelogenous Leukemia: 
The ECOG and the University of Rochester Experience* 

1. M. Rowe', M. M. Oken2, P. A. Cassileth3, W. Andersen4, 1. M. Bennett', 
and P. H. Wiernik5 

Introduction 

The treatment of relapsed or refractory 
acute myelogenous leukemia remains most
ly unsatisfactory. Although many patients 
can achieve a complete remission, the re
sponse duration is usually short and very 
few, if any, of these patients can be cured 
using chemotherapy alone. Bone marrow 
transplantation, allogeneic or autologous, 
offers the only hope for long-term survival. 
Results of such transplantation for refracto
ry patients depend, to a significant degree, 
on the status of the patients at the time of 
transplantation; those in complete remis
sion have a far better prognosis. While 
certain experimental agents are being stud
ied, it is important to attempt to define a 
group of patients that are truly refractory 
and are less likely to respond to a standard 
salvage regimen. This report summarizes 
clinical trials conducted by the Eastern 

, University of Rochester, Hematology Unit 
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Cooperative Oncology Group (ECOG) 
and at the University of Rochester Medical 
Center for relapsed and refractory acute 
myelogenous leukemia (AML) patients and 
also discusses future directions of clinical 
trials in this group of patients. 

Materials and Methods 

EST 5483 

This was a major ECOG study for relapsed 
and refractory AML patients with, addi
tionally, randomization to determine if 
postremission maintenance therapy could 
affect the CR duration (Table 1). 

Table 1. EST 5483: relapsed or refractory 
AML 

ARA-C 3 g/m2 
g12 h Days 1-6 

Maintenance 

ARA-C 10 mg/m2 
s.c.bj.d. X 21 
days 

+ if CR Repeat every 8 
weeks to relapse 

m-AMSA 100 
mg/m2 gd Days 7-9 No Maintenance 

URCC 2482M 

This was a study conducted at the Univer
sity of Rochester and designed as a non
cross-resistant regimen for highly refractory 
patients (Table 2). No patients were treated 



Table 2. URCC 2482M: AML 

Relapsed 
(2nd, 3rd, or 4th) 

or 

Refractory 

Adacinomycin A 60 
mg/m2 daily x 5 days 

VP-16-213 100 mg/m2 daily 
x 5 days 

in first relapse unless they had failed rein
duction at that stage. Additionally the 
study was unusual in that it did not exclude 
patients with hepatic or renal dysfunction 
or those with poor performances status and 
more than half of the patients had active 
infections at the start of therapy. 

EST 1487 

This is another ECOG study for relapsed or 
refractory AML patients (Table 3). It was 
initially designed as a non-cross-resistant 
regimen for relapsed patients who had 
previously received high-dose cytosine ara
binoside as consolidation (EST 3483) or as 
treatment for relapse (EST 5483). The con
cept behind this combination is based on 
the demonstrated activity and apparent 
synergism using aclacinomycin A and VP-
16-213 in URCC 2482M. 

Table 3. ECOG 1487: AML 

Relapsed 
(1st or 2nd) 

or 

Refractory 

Mitoxantrone 12 mg/m2 
daily x 5 days 

VP-16-213 100 mg/m2 daily 
x 5 days 

For both URCC 2482M and for EST 1487 
no maintenance therapy was included, 
although a considerable number of patients 
received some form of postremission thera
py (including bone marrow transplanta
tion). 

Results 

EST 5483 

Very preliminary results indicate a very 
good response rate to this regimen of 
high-dose cytosine arabinoside followed by 
amsacrine for relapsed patients (Table 4). 
The response rate appeared comparable for 
first or second relapse patients who had not 
previously received this drug combination. 
Additionally there was a very significant 
response in truly refractory patients. Very 
preliminary analysis of the postremission 
randomization appears to show a significant 
benefit in terms of remision duration for 
those patients randomized to receive low
dose Ara-C 10 mg/m2 sub-q bid for 21 days 
(repeated every 8 weeks) [1]. The patients 
who received this maintenance therapy had 
a median CR duration of approximately 8 
months compared with 3 months for those 
patients who did not receive any mainten
ance therapy. 

Table 4. EST 5483: relapsed or refractory AML, 
preliminary results 

Relapsed 
(1st or 2nd) 

N 

163 

CR rate 

57% 

Primary refractory 70 30 % 

URCC 2482M 

Results of this study have been published 
[2]. Of the 35 patients treated, there was an 
overall response rate of 40 %. This was 
considered a very satisfactory treatment 
result considering the extraordinarily high 
risk group of patients entered into this 
study, many of whom were accepted for 
"end-of-the-line" therapy. 

EST 1487 

This study is still ongoing and accruing 
patients in second relapse. Preliminary ana-
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Table 5. EST 1487: AML, preliminary results 

N Response Median CR 
rate duration 

(days) 

First relapse 35 57% 121 
Refractory 34 21 % 67 
(primary or 
secondary) 

lysis, shown in Table 5, indicates a good 
response for patients who entered the study 
in first relapse. A less satisfactory response 
was obtained for refractory patients, 
although some of the observed responders 
had been completely refractory also to 
high-dose cytosine arabinoside. Further 
very preliminary analysis of the patients in 
first relapse indicates a significant differ
ence in outcome based on a duration of the 
first remission (Table 6). 

Table 6. EST 1487: AML preliminary results 

Initial CR duration 

<6 months >6 months 

CR rate 3/13 (23%) 15/22 (68%) p=O.009 

Discussion 

Preliminary results from EST 5483 clearly 
demonstrate the efficacy of cytosine arabi
noside and amsacrine in relapsed and 
refractory patients, although it is not clear 
what benefit, if any, was obtained by the 
addition of amsacrine and whether the 
latter served to increase the toxicity of this 
regimen. The preliminary data on the effect 
of maintenance therapy on the median CR 
duration is important as it may be the first 
time in a large prospective randomized trial 
that any form of maintenance therapy has 
been shown to affect the CR duration for 
relapsed or refractory patients. Additional
ly, if these data are confirmed, it will 
probably no longer by ethical to include a 
"no maintenance" arm in future clinical 
trials for relapsed or refractory AML 
patients. The synergistic effects of VP-
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16-213 with aclacinomycin A were demon
strated in URCC 2482M and the somewhat 
similar regimen that was used in 1487 -
employing mitoxantrone with VP-16-213. 
The preliminary analysis of this latter regi
ment indicates that, while this combination 
proved highly effective for patients in first 
relapse, the response rate for refractory 
patients was clearly lacking although there 
was definite activity in some patients who 
were completely refractory to high-dose 
cytosine arabinoside. 

Preliminary analysis of the response rate 
for patients treated in first relapse seem to 
indicate that there was a significant differ
ence in outcome depending on the duration 
of the initial first CR. Specifically, those 
patients who entered the study after a short 
CR ( < 6 months) had a CR rate of only 23 % 
- similar to the response for refractory 
patients - while those who entered the 
study after a longer CR (>6 months) had a 
CR rate of 68 % - roughly comparable to 
the induction results in de novo AML. 
These preliminary results are important in 
that they suggest that patients who relapse 
after a short CR are more appropriately 
considered as truly refractory and should be 
so included in the future study designs as 
has been suggested by others [3]. Addition
ally, the results for patients who relapsed 
after a longer CR are not likely to be 
improved using new experimental agents, 
and the investigational use of these in AML 
should be reserved for patients who appear 
to be truly refractory. Other agents are 
being studied in an attempt to improve the 
results in remission induction for refractory 
AML patients. In a recently completeled 
study carboplatin was evaluated; it appears 
to have definite activity in refractory AML 
patients although the precise data are not 
yet available. 

Future ECOG studies include evaluation 
of new agents such as menogaril and taxol, 
as well as an evaluation of the combination 
of cytosine arabinoside, mitoxantrone, and 
VP-16-213 for truly refractory patients. The 
use of hemopoietic growth factors, such as 
GM-CSF and IL-3, to stimulate the leu
kemic clone is also likely to be included in 
some future AML studies [4]. Future 
ECOG studies of postremission therapy for 
refractory patients are likely to include 



low-dose Ara-C as maintenance therapy 
while evaluating the use of other agents 
including interleukins (IL2) and, possibly, 
interferons. The overwhelming majority of 
relapsed or refractory patients will die, 
using chemotherapy alone. At the present 
time bone marrow transplantation offers 
the only therapy with curative potential and 
major efforts are clearly directed at improv
ing the results of this mode of therapy for 
relapsed and refractory patients, as well as 
making it a therpeutically feasible option 
for a greater number of patients. 
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Intermediate-Dose Cytarabine in the Treatment of Relapsed or 
Refractory Leukemias 

1. L. Harousseau and N. Milpied 

High-dose cytarabine (HD ARA-C) has 
been extensively used in relapsed acute 
myeloid leukemia (AML), either alone [1] 
or in combination with asparaginase [2], 
daunorubicin (DNR) [3], amsacrine 
(AMSA) [4], or mitoxantrone [5]. With this 
high-dose regimen (3 g/m2 twice daily for 
4-6 days), high remission reinduction rates 
have been achieved, but at the expense of 
significant toxicity, in particular cerebellar 
toxicity [6]. This complication, which may 
be irreversible and/or fatal, is dose related 
and precludes total doses over 48 g/m2 per 
cycle. It is mainly encountered for total 
doses of 36 g/m2 (3 g/m2 for 12 doses) or 
more. The incidence of severe cerebellar 
toxicity is also related to age, patients> 50 
years of age having a greater incidence than 
younger patients [6]. In order to reduce the 
major toxicities of HD ARA-C, some inves
tigators have used combinations of AMSA 
or mitoxantrone (MTZ) at optimal dosage 
with ARA-C at lower cumulative doses [7, 
8]. Van Prooijen et al. treated 15 relapsed 
AML patients with cytarabine (500 mg/m2 
every 12 h for 6 days) in combination with 
doxorubicin and vincristine and obtained 
80 % CR [9]. Moreover, infusions of ARA
C at doses lower than the standard dose of 3 
g/m2 maintain plasma ARA-C levels suffi
cient to saturate the cellular ARA-CTP 
accumulation [10]. Thus, cytarabine could 
be used at intermediate-dose (ID ARA-C) 
with the same efficacy but less toxicity than 
in HD ARA-C containing regimens. 
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For several years, we have used ID ARA
C in the treatment of relapsed and refrac
tory acute leukemias. We present here the 
results of three consecutive multicenter 
trials with 10 ARA-C. 

Patients and Methods 

In these three studies, ID ARA-C was used 
at the dose at 1 g/m2 g12 h (2 h infusion). In 
study 1, 35 patients with AML in first 
hematologic relapse received the IDA
RUB-ID ARA-C protocol [11], consisting 
of idarubicin (lOR) 8 mg/m2 per day, days 
1-5 and ID ARA-C 1 g/m2 for 6 doses (days 
1-3). In study 2, 30 patients with high-risk 
AML (refractory: 8 patients; in first 
relapse: 20 patients; chemoinduced: 2 
patients) received a combination of mitox
antrone (MTZ) and 10 ARA-C [12]. MTZ 
was given at the dose of 12 mg/m2 per day 
for 5 consecutive days and ID ARA-C was 
given for 6 doses (7 patients) or 10 doses (23 
patients). In study 3, 43 patients with 
relapsed (39 patients) or refractory (4 
patients) ALL received the PAME proto
col: prednisone 0.5 mg/k/day, days 1-5, ID 
ARA-C for 10 doses, MTZ 12 mg/m2 per 
day, days 1-5, etoposide 200 mg/m2 per day, 
days 6-8 [13]. The clinical characteristics of 
the 108 patients included in these three 
studies are listed in Table 1. 

Results 

The results are shown in Table 2. The overall 
CR rates were respectively 60 % , 57 % , and 



Table 1. Clinical characteristics of the 108 patients 

Study 1 Study 2 Study 3 
IDARUB - MTZ- PAME 
IDARA-C IDARA-C 

Total No. of patients (M/F) 53 (21114) 30 (10/20) 43 (24/19) 

Median age (range) 56 (23-78) 51 (2-65) 28 (15-58) 

FAB classification MI-2-3-6:27 MI-2-3-6:12 Immuno- Common ALL 26 
M4-5 :8 M4-5 :12 phenotype TALL 8 

ND 9 

Initial WBC count (10 x I) 
Median 15 6.8 8 
Range 0.8-314 1.4-83 1-100 

Initial platelet count (10 x I) 
Median 48 60 107 
Range 12-440 6-212 11-490 

Disease status 
First relapse 35 20 39 
Refractory 8 4 
Chemoinduced 2 

Duration of CR1" (months) 
Median 16 10 5 
Range 1-86 7-78 1-102 

Prior cumulative dose of 
DNR (mg/m2) 

Median 280 270 270 
Range 150-650 0-600 0-570 

Prior treatment with HD 5/35 14/30 
ARA-C 

" For patients in first relapse 

Table 2. Results 

No. of No. of No. of Death during No. of 
patients CRs (%) PRs treatment failures 

or in aplasia 

Study 1 35 21 (60) 4 4 6 
(IDARUB - IDARA-C) 
Study 2 30 17 (57) 5 8 
(MTZ - IDARA-C) 
Study 3 43 30 (70) 5 8 
(PAME) 

70 % in the three studies. For patients in 
first hematologic relapse the CR rates were 
respectively 60 % (21/35), 60 % (12120), 
and 72 % (28/39). We have studied the 
influence on the therapeutic outcome of the 

following parameters: age, sex, FAB classi
fication in study 1 and 2 (4-5 versus other 
subgroups) or immunophenotype in study 
3, white blood cell count, platelet count, 
duration of first CR, cumulative dose of 
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DNR, and when appropriate (study 2) 
previous treatment with HD ARA-C. 

In study 1, the only prognostic factor was 
the duration of the first CR. In the case of 
early relapse (before the median duration 
of 16 months) the CR rate was 35 % 
whereas it was 83 % in late relapse (p = 

0.003). 
In study 2, when relapses occurred after 

the median duration of the first CR (10 
months) the CR rate was 78 % versus 50 % 
in early relapses. This difference was not 
significant (p = 0.1). The only predictive 
factor in this study was the previous use of 
HD ARA-C (as part of postremission con
solidation therapy). Out of the 14 patients 
previously treated with HD ARA-C, only 
21 % achieved CR, versus 87 % for the 16 
patients who had not received this treat
ment (p < 0.001). 

In study 3, none of the studied factors had 
a significant influence on the therapeutic 
outcome. The CR rate was not affected by 
the duration of the first CR «5 months: 
72 %, >5 months 71 %). 

Toxicity 

Hematologic Toxicity 

In patients achieving CR, the duration of 
neutropenia «0.5 x 109/1) was 15-38 days 
(median 23 days) in study 1, 17-49 days 
(median 24) in study 2, and 10-52 days 
(median 24) in study 3. The median dura
tions of thrombocytopenia «30 x 109/1) 
were respectively 19, 24, and 20 days. There 

Table 3. Extrahematologic toxicity (WHO grade) 

Toxicity Study 1 

were four infectious deaths in study 1, four 
in study 2 and five in study 3. 

Extrahematologic Toxicity 

A summary of extrahematologic side 
effects is given in Table 3. In study 1, 
diarrhea, skin toxicity, and hepatic distur
bances which are complications of HD 
ARA-C therapy were rare and mild. No 
ocular or cerebellar toxicity was recorded. 
The overall extrahematologic tolerance was 
good with only 17 % severe mucositis. In 
study 2, apart from nausea and vomiting, 
the main side effect was mucositis scored as 
grade 3-4 of the WHO classification in 
31 % of the cases. Grade 3-4 diarrhea and 
hepatic toxicity were more frequent than in 
study 1 (17 % and 20.5 %). Skin reactions 
were noted in 34.5 % of the cases but were 
always mild transient. Reversible cerebellar 
toxicity was noted in three patients. In 
study 3, mucositis was the most pronounced 
side effect with 46 % of the patients exper
iencing WHO grade 3 or 4. No significant 
ocular or skin toxicity was recorded and 
only one patient had reversible cerebellar 
toxicity. Overall, 13 cardiac events (12 % ) 
were reported, including 3 congestive heart 
failures (2 in study 2,1 in study 3). None of 
them was fatal. 

Discussion 

In these three consecutive studies, ID 
ARA-C was used at the same dosage (1 

Study 2 Study 3 
IDARUB-IDARA-C MTZ-IDARA-C PAME 

Nausea/vomiting 71.5 (28.5) 89.5 (41) 91 (21) 
Diarrhea 20 (0) 62 (17) NA 
Mucositis 28.5 (17) 86 (31) 88 (46) 
Hepatic 29 (3) 55 (20.5) 46 (5) 
Cardiac 11.5 (0) 7 (7) 16 (2) 
Cutaneous 3 (0) 34.5 (0) 0 (0) 
Cerebellar" 0 (0) 10 (3) 2.5 (2.5) 

Numbers refer to percentages of recorded side effects and number in parentheses to percentages 
of WHO grade 3-4 
a Herzig grading [1] 
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g/m2 q12 h) for 3 or 5 days (six or ten doses) 
in combination with IDR (study 1), MTZ 
(study 2) or MTZ, etoposide and predni
sone (study 3). The incidence of side effects 
described with HD ARA-C containing 
regimens was low. There was no conjunctiv
itis and no severe or fatal cerebellar toxicity 
even in patients over the age of 50 years. 
Diarrhea, skin toxicity, and hepatic distur
bances were rare and mild except in study 2. 
The cardiac tolerance of IDR and MTZ in 
patients pretreated with anthracyclines 
were good with only 13 cardiac events and 
three congestive heart failures. In fact the 
major side effect was mucositis, noted in all 
three studies and severe in almost half of the 
patients in study 3. This side effect was 
attributed mainly to IDR, MTZ and/or 
VPI6. 

Thus, these ID ARA-C containing proto
cols appeared to be well tolerated, even in 
patients >50 years of age, and as a result of 
this good tolerance the CR rate was not 
affected by age. All three regimens were 
very effective in relapsed leukemias with 
CR rates of 60 %, 60 %, and 72 %. The 
number of refractory leukemias treated was 
too small to draw any conclusion in this 
indication but 5 out of 12 refractory patients 
achieved CR. It is difficult to compare the 
results obtained in published trials because 
of differences in the age of the patients, the 
status of the disease (refractory or not), the 
length of first CR, and the nature of prior 
treatments. However, the results of these 
three studies appear comparable to those 
achieved with HD ARA-C containing 
regimens in AML [1-6, 8, 14] or ALL [15]. 
These protocols are now used in frontline 
therapy of acute leukemias as induction or 
consolidation treatments. 

Two prognostic factors appeared: the 
duration of first CR in study 1 and prior 
treatment with HD ARA-C in study 2. The 
current protocols, at least in AML, fre
quently include intensive consolidation 
therapy with HD ARA-C. In these proto
cols, the relapses occur early, mainly within 
1 year of CR. In the future, this will 
probably raise again the issue of relapse 
management. More aggressive combination 
protocols will certainly increase the toxicity. 
Thus new directions must be explored, such 
as potentialization of drug-induced cyto-

toxicity by hemopoietic growth factors or 
drug-resistance gene expression reversal. 
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Mitoxantrone, Etoposide, and Intermediate-Dose Cytosine 
Arabinoside (MEC): An Effective Regimen for Refractory 
Acute Myeloid Leukemia 

S. Amadori, A. M. Testi, M. Vignetti, A. Spadea, P. Fazi, A. P. lori, G. Isacchi, 
and F. Mandelli 

Treatment of acute myeloid leukemia 
(AML) frequently induces complete remis
sion (CR) with initial induction chemother
apy. However, long-term disease-free survi
val is achieved in only a minority of 
patients, since the majority ultimately 
relapse [1]. The prognosis of patients who 
fail to achieve an initial CR or who experi
ence recurrence of their leukemia remains 
dismal. Results of salvage therapy have 
been generally disappointing with low re
sponse rates and occasional long-term sur
vivors in most studies [2]. Recently, we 
reported that a combination of interme
diate-dose cytosine arabinoside (Ara-C) 
and mitoxantrone could induce CR in 24/36 
(67 %) patients with advanced AML, with
out undue toxicity [3]. Responses were 
observed in 85 % of patients whose initial 
remission lasted for more than 6 months, 
but in only 28 % and 33 % of those with 
primary refractory disease and shorter re
mission duration, respectively. 

In an attempt to improve on the results of 
salvage therapy for patients with poor-risk 
advanced AML, a modified regimen 
(MEC) was developed at our institution 
with the addition of VP-16 to the basic 
intermediate-dose Ara-C and mitoxan
trone combination, and applied to 32 
patients with refractory AML. 

Section of Hematology, Department of Human 
Biopathology, University La Sapienza,Via Bene
vento 6, 00161 Rome, Italy 

Materials and Methods 

Between February 1988 and March 1990, 32 
consecutive eligible patients with refractory 
AML were entered into the study after 
informed consent was obtained. Clinical 
characteristics of the patients are detailed in 
Table 1. All patients were recruited from 
the current Italian multicenter trials 
(EORTC-GIMEMA AML-8 for adults; 
AIEOP LAM-87 for children) and had 
received a standardized induction treat
ment with daunorubicin and conventional
dose Ara-C. For the purpose of this study, 
definition of refractory AML was made 
according to the following criteria: (1) 
failure to enter CR after two induction 
courses, or earlier evidence of absolute 
drug resistance as defined by the reappear
ance of circulating blasts and/or persistence 
of a hypercellular leukemic marrow 14-21 
days from start of therapy; (2) relapse 
occurring within 6 months from initial CR; 
(3) relapse after bone marrow transplanta
tion (autologous or allogeneic). The MEC 

Table 1. Patient characteristics 

No. of patients 
Male/female 
Median age in years (range) 
Morphology (FAB) 

MI-M3 
M4-M5 

Disease status 
Primary resistance 
Early relapse 
Relapse after BMT 

32 
19/13 
24 (5-56) 

10 
22 

18 
8 
6 
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regimen consisted of a single 6-day course 
of mitoxantrone 6 mg/m2, etoposide 80 
mg/m2 and intermediate-dose Ara-C 1 g/m2 
daily on days 1-6. The three drugs were 
administered intravenously according to 
the following sequence: the 6-h infusion of 
Ara-C was preceded by a short (1 h) 
infusion of VP-16 and followed, 3 h later, by 
a bolus of mitoxantrone. Patients who 
achieved CR were given a second 4-day 
course of MEC as consolidation and then 
submitted to an individualized program of 
postremission therapy. 

Results 

Of the 32 patients entered on study, 21 
(66 %) achieved CR; 2 patients (6 %) died 
during marrow hypoplasia of infection, and 
9 (28 %) had resistant disease. The median 
time from initiation of treatment to docu
mentation of CR was 33 days (range 25-55 
days). Of the various pretreatment varia
bles examined, only age was significantly 
correlated with attaining CR (Table 2). 
Patients younger than 50 years of age had a 
CR rate of76 % compared to 29 % for older 
patients (P = 0.03). Though not statistically 
significant, a difference was seen in re
sponse rate when patients were grouped by 
status of disease. Primary resistant patients 

Table 2. Response by patient characteristics 

Character- No. of o/c CR P value istics CRffotal 0 

Age (years) 
<50 19/25 76 0.03 >50 217 29 

Sex 
Male 12/19 63 NS Female 9/13 69 

FAB 
MI-M3 8/10 80 NS M4-M5 13/22 59 

Disease status 
Primary resi- 10/18 56 stance 
Early relapse 7/8 87 NS 
Relapse after 4/6 67 BMT 
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had a CR rate of 56 % compared to 87 % for 
patients who presented in early relapse and 
to 67 % for those relapsing after a bone 
marrow transplant. The median remission 
duration was 16 weeks (range 6-119+) and 
three patients are presently alive in contin
uous complete remission after 47-119+ 
weeks. Overall, relapse has occurred in 17 
patients 6-117 weeks from CR (median 15 
weeks); one additional patient died in CR 
at 32 weeks of massive intracranial bleeding 
while persistently thrombocytopenic fol
lowing a bone marrow autograft. The over
all median survival for the 32 patients on 
study was 36 weeks (range 2-124+ 
weeks). 

Severe myelosuppression was docu
mented in all patients, resulting in fever or 
documented infections in 91 % of patients. 
Nonhematologic toxicity was minimal, con
sisting mainly of tolerable nausea and vom
iting, and mild to moderate mucositis. 

Discussion 

The results of this study indicate that the 
MEC regimen is a very effective and toler
able salvage chemotherapy program for 
patients with refractory AML. Overall, 
66 % of patients entered CR after a single 
induction course. Toxicity was acceptable 
with an induction mortality rate of only 
6%. 

These results compare favorably with 
those of recent salvage trials for AML in 
which inclusion criteria similar to ours were 
adopted [4, 5], as well as with our past 
experience involving the use of interme
diate-dose Ara-C and mitoxantrone for 
patients with poor-risk advanced AML [3]. 
Addition of a third active drug such as 
VP-16 apparently resulted in a potentiation 
of the antileukemic activity of the basic 
intermediate-dose Ara-C and mitoxan
trone combination, without adding too 
much toxicity. CR rates of 56 % and 87 % , 
respectively, for patients with primary resis
tant and early relapsed AML are among 
the best ever reported in the literature. 
Furthermore, the 67 % CR rate obtained 
in patients relapsing after bone marrow 
transplantation confirms the high antileu
kemic activity of the MEC regimen, which 



may be superior to the previous salvage 
program. 

These encouraging results warrant its 
investigation in front-line AML therapy. 
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Intermediate-Dose Arabinoside and Amsacrine: An Effective 
Regimen in Relapsed and Refractory Acute Leukemia 

V. Heinemann and U. Jehn 

Introduction 

Adequate treatment of poor prognosis 
acute myeloid (AML) and lymphocytic leu
kemia ( ALL) such as refractory and 
relapsed acute leukemia still remains a 
major challenge of research. High-dose 
cytosine arabinoside (ara-C) (HO ara-C) 
containing regimens were introduced be
cause of their non-cross-resistance to con
ventional-dose ara-C. Monotherapy with 
HO ara-C in relapsed patients was effective 
to a similar degree as combination regimens 
containing anthracyclines or mAMSA [1]. 
However, combination regimens appearded 
preferable specifically in the treatment of 
refractory leukemia [1--4]. Pharmacological 
considerations led to the use of interme
diate-dose ara-C (10 ara-C), which prom
ised a decrease in treatment-associated tox
icity while therapeutic efficacy was main
tained [5]. We present an updated [6] eva
luation of our experience using 10 ara-C 
and mAMSA as rein duct ion treatment for 
relapsed and refractory AML and ALL. 

Patient Characteristics and Methods 

Patients of all age groups and French
American-British (FAB) subtypes with 
relapsed, primary or secondary refractory 
AML (n=45) and ALL (n=3) were 
included in this phase II study. Pretreatment 

Department of Internal Medicine and Hematolo
gy/Oncology Klinikum Grosshadern, University 
of Munich, Marchionistr. 15, D-800-Munieh 70, 
FRG 
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in relapsed patients consisted of either 
intensive or conventional or no mainten
ance. The majority of patients in first 
relapse experienced their relapse during or 
after completion of intensive maintenance 
treatment according to the EORTC-AML 6 
programm [7,8]: they had been randomized 
to either six courses of the induction type 
(ONR 45 mg/m2 i. v. day 1 plus ara-C 100 
mg/m2 s. c. days 1-5) or to six courses of a 
non-cross-resistant drug combination alter
nating mAMSA (150 mg/m2 i. v. day 1) plus 
ara-C (3 g/m2 i. v. q 12 h days 1 and 2) with 
AMSA plus 5-azacytidine (150 mg/m2 i. v. 
days 1-3). Conventional maintenance in
cluded for AML patients the EORTC
AML 5 program [9] or for ALL patients the 
German Cooperative Adult ALL study 
[10]. Patients relapsing without prior main
tenance had either a 3/7-type regimen or 
TAD 9 [11] for induction. Patients in second 
relapse were pretreated either with a 3/7-
type regimen or a combination of 10 ara
ClAMSA [12] or of HO ara-C/AMSA/5-
AZA [13] during first relapse. Refractory 
patients were defined as being resistant to 
one (6xAML, lxALL) or two courses 
(6 x AML) of an anthracycline-containing 
induction regimen totaling a minimum of 
three and a maximum of six doses of ONR 
(45 mg/m2) combined - for AML - with 7 or 
14 doses of ara-C (200 mg/m2). Patients 
with a history of myelodysplastic syndrome 
(MOS) or a second malignancy were 
included. 

The reinduction regimen consisted of 10 
ara-C 1 g/m2 i. v. every 12 h by a 2-h infusion 
for 6 days and mAMSA 120 mg/m2 as a I-h 
infusion on days 5, 6, and 7. One or two 



cycles for induction were given. When CR 
was reached, one course of intensive con
solidation was administered consisting 
of HD ara-C 3 g/m2 every 12 h by a 2-h 
infusion for 4 days and mAMSA 120 mg/m2 
i. v. day 5. The treatment-free interval 
between two induction cycles was 3-4 
weeks. The interval between the kind of 
induction and the beginnung of consolida
tion was 4-5 weeks. No further therapy was 
given thereafter. 

Disease-free survival (DFS) was mea
sured from complete remission (CR) to 
relapse or death in CR. Duration of survival 
was calculated either from diagnosis or 
from CR to death. Transplanted patients or 
patients lost-to-follow-up were either cen
sored as having relapsed or died at the time 
of bone marrow transplantation (BMT) or 
lost-to-follow-up or not censored at time of 
BMT. Survival curves were calculated 
according to the Kaplan-Meier method. 
Tests of statistical significance for differ
ence in survival curves were performed 
using the two-tailed logrank test. 

Results 

A total of 48 consecutive patients (45 AML, 
3 ALL) with either refractory (n=13) or 
relapsed (n=35) acute leukemia entered 
the study. The median age of refractory 
patients was 54 years, of relapsed patients 
46 years. The median age of all patients was 
49 years with a range of 18-67 years. 

Four of the relapsed and one of the 
refractory patients who reached remission 
with this program received the identical 
regimen a second time at subsequent 
relapse yielding a total of 40 relapses, 31 
first and 9 second relapses. One relapsed 
and two refractory patients had a previous 
history of MDS, another patient suffered in 
addition to refractory AML from cervical 
cancer stage II-III, one relapsed patient of 
stage I breast cancer. Median duration of 
the preceding first remission in relapsed 
patients was 9 months, of the preceding 
second remission 6 months. Median time 
from last chemotherapy to relapse was 4 
months in all relapsed patients. The 
patient's characteristics are shown in Tables 
1 and 2. 

Table 1. Patient characteristics 

Total (n) 

Median age (years, range) 

FAB 
Ml (IX mixed) 
M2 (Ix 2E) 
M3 
M4 (IX hybrid) 
M5 
M6 
ALL (1 X hybrid) 

Refractory pts. (n) 
Primary resistant 
(llx AML, Ix ALL) 
Resistant second relapse 
(Ix AML) 

Median age (years) 

Relapsed pts. 

Median age (years) 

Relapses 
First 
Second 

48 

49 (18-67) 

3 
15 
4 

16 
5 
2 
3 

13 
12 

1 

54 

35 

46 

40 
31 
9 

Table 2. Pretreatment characteristics of relapsed 
patients 

Duration of preceding remission (all) 8.5 
(median, months) 

First 9 
Second 6 

Time from last chemotherapy 4 
to relapse (median, months) 

Type of preceding chemotherapy 
(first relapse) 
Intensive maintenance (EORTC AML 6) 

Induction type (DNR/ara-C) 13 
Alternating type 7 
(HD ara-C, AMSA/5-AZA) 

Conventional maintenance 
AML (EORTC AML 5) 1 
ALL (German Coop) 2 

No maintenance 
3/7 type 7 
ID ara-C/AMSA 1 

Type of preceding chemotherapy 
(second relapse) 

ID ara-C/AMSA 4 
3/7 type 4 
HD ara-C/AMSA/5-AZA 1 

405 



Six out of 13 refractory patients (46 % ) 
reached CR, 5 after one cycle of ID ara
ClAMSA and 1 patient after 2 cycles. Five 
of 6 patients who achieved CR were older 
than 50 years. Four patients remained 
refractory and three died in hypoplasia. 
One patient died 10 days after reaching CR 
of a lung hemorrhage due to aspergillosis 
(Table 3). DFS of the six responders was 2.5 
months, survival from time of CR 4.1 
months. The overall survival of the six 
responders and the remaining seven nonre
sponding patients (n=13) from time of 
diagnosis was 5.3 months (Table 5). None of 
the responding refractory patients received 
aBMT. 

Twenty-four out of 31 patients in first 
relapse (77.4 %) and 7/9 in second relapse 

Table 3. Response to treatment 

Total (n) 

Refractory 

Complete remission 
(primary resistant) 

One cycle 
Two cycles 

Complete remission 
(resistant relapse) 

One cycle 

Failure (refractory) 
Hypoplastic death 
Death in CR 

Relapses 
Complete remission 
(first relapse) 
One cycle 
Two cycles 

Complete remission 
(second relapse) 
One cycle 
Partial remission 

Failure (refractory) 
First 
Second 

Hypoplastic death, first 

Death in CR 
(after induction) 

Hypoplastic death in CR 
(after consolidation) 

406 

48 

13 

4 
1 

4 
3 
1 

40 

24/31 

22 
2 

7/9 

7 
1 

3 
2 

3 

4 

(46%) 

(46%) 

(77%) 

(78%) 

(77.8 % ) reached CR, 29 after 1 cycle of ID 
ara-ClAMSA and 2 patients after 2 cycles 
regardless of the type of prior treatment. 
Response to reinduction treatment was 
independent of age in that 11/31 responding 
patients were aged ~50 years as compared 
to 3/8 nonresponders. 

One out of 40 patients reached a stable 
partial remission, 5/40 patients remained 
refractory, 3 were in first and 2 in second 
relapse. Three out of 40 patients died during 
hypoplasia without evidence of leukemic 
regrowth, all in first relapse. One patient 
died at the time of treatment evaluation in 
CR of a sudden lung hemorrhage due to 
aspergillosis. Four patients - three after 
first and one after second relapse - died in 
CR during hypoplasia following intensive 
consolidation with HD ara-ClAMSA. Four 
patients were transplanted within 1-3 
months after reaching a second remission; 
two of them received an allograft and are in 
continued CR 37+ and 39.5+ months after 
BMT. Two patients received an autograft, 
one of which died shortly thereafter, and 
one is in continued CR at 22+ months 
(Table 3). 

Table 4. Remission incidence according to 
pretreatment characteristics 

Relapses total 40 

Complete remission 31 

Duration of preceding 
first remission 10.5 
(median, months) 
second remission 9.5 
(median, months) 

Time from last chemotherapy to 
first relapse 5 
(median, months) 
second relapse 5.5 
(median, months) 

Failure 9 
Duration of preceding 

first remission 4.5 
(median, months) 
second remission 3.5 
(median, months) 

Time from last chemotherapy to 
first relapse 2 
second relapse 2.7 



Table 5. Response to treatment 

BMT 
censored" 

not 
censored 

DFS (median, months) 
Relapses (n=31) 
Refractory (n=6) 

Relapses + refractory (n=37) 
With consolidation (n=28) 
Without consolidation (n=9) 

Survival CRb 
Relapses (n=31) 
Refractory (n=6) 
Relapses + refractory (n=37) 

Survival, aile 
Relapses (n=40) 
Refractory (n=13) 
Relapses + refractory (n=53) 
Responder (n=37) 
Nonresponder (n=16) 

3 
2.5 

3 
3.3 
l.9 

4.9 
4.1 
5 

5.8 
5.3 
5.7 
6.1 
2.4 

3.5 

2.9 
4.6 

p=.032 
2.2 p=.049 

9.3 

8.8 

7.2 

6.4 
9.5 

p=.OO4 
4.4 p=.Oll 

a Four patients receiving BMT within 3 months after achieving CR and one patient lost-to-follow
up at 3 months CR were censored 

b Time from remission until death 
e Time from diagnosis until death 

Table 4 shows that responding patients 
after first and second relapse had a longer 
duration of preceding first and second re
mission than nonresponders (10.5 vs. 4.5 
and 9.5 vs. 3.5 months). Similarly, the time 
from last chemotherapy to first or second 
relapse was longer in responding as com
pared to nonresponding patients (5 vs. 2 
and 5.5 vs. 2.7 months). The type of pre
ceding chemotherapy had no impact on 
whether another remission was or achieved 
or not. 

Median DFS of 312 responding relapsed 
patients was 3 months when BMT patients 
were censored at the time of BMT, and 3.5 
months without censoring. Corresponding
ly, survival from time of CR was 4.9 months 
(9.3 months without censoring at BMT). 
The median overall survival of responding 
plus nonresponding relapsed patients 
(n=40) was 5.8 months (7.2 months without 
censoring at BMT) (Table 5). A total of 37 
refractory and relapsed patients reached CR 
after one or two cycles of induction. Their 
median DFS was 3 months. Nine out of 
these 37 patients did not receive intensive 

consolidation after achieving CR because 
of patient refusal or toxicity during induc
tion. Their median DFS was 1.9 months as 
compared to 3.3 months (p=0.049) of the 
20 consolidated patients (Table 5). This 
difference was significant whether patients 
were censored at BMT or not. The overall 
survival of responding (n=37) and nonre
sponding (n=16) relapsed and refractory 
patients (n=53) was 5.7 months (6.4 
months without censoring at time ofBMT). 
The survival advantage of responding 
relapsed and refractory patients as com
pared to nonresponders became evident 
w hen both groups were compared (Table 5): 
responding patients (n=37) survived 6.1 
months (9 .. 5 months without censoring at 
BMT) while nonresponders had a median 
overall survival of 2.4 months (4.4 months 
without censoring at BMT). This difference 
was significant (p = 0.011) for both censored 
or not censored cohorts. The major toxicity 
seen in this study was a noncardiogenic 
pulmonary edema due to ara-C as substan
tiated in detail elsewhere [14]. Eleven out 
of 48 patients (23 % ) experienced this type 
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Table 6. Lung toxicity 

Total 
Recovery 
Death 

Type of preceding maintenance 
Intensive (EORTC AML 6) 
DNR, ara-C, (induction type) 
HD ara-c/AMSA/5-AZA 
(alternating) 
Conventional 
(EORTC AML 5) 
No Maintenance 

11/48 (23 %) 
7 
4 

3/11 
3/11 

3/11 

1111 

4/11 

of lung toxicity: seven patients recovered 
and four died. From our data, the incidence 
of pulmonary edema was not related to the 
type of preceding treatment and therefore 
independent of the cumulative dose of 
ara-C (Table 6). Lethal fungal infections 
were observed in three instances: twice 
asperigillosis of the lung and once a candida 
septicemia. 

Discussiou 

Treatment with intermediate-dose ara
C/mAMSA was evaluated as induction ther
apy for refractory and relapsed acute leu
kemia. Complete remission was achieved in 
46 % (6/13) of refractory patients. Compar
able results were reported by others using 
high-dose ara-C for remission induction 
[15-17]. The patient's age did not serve as a 
prognostic factor for remission induction. 
Median DFS in this patient group was 2.5 
months including one patient who died of a 
lung hemorrhage 10 days after reaching 
CR. While ID ara-c/AMSA proved to be 
effective in inducing remissions, remission 
duration was short indicating that follow-up 
treatment is needed in this cohort of 
patients. Such an attempt seems worth 
undertaking since the overall survival of 
responders and nonresponders was 5.3 
months. 

In relapsed patients, an overall CR rate 
of 77.5 % (31/40) was reached which com
pares favorably to other studies using high -
or intermediate-dose ara-C [18-20]. In 
comparison, remission reinduction with a 
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conventional-dose ara-C contammg regi
men yielded a CR rate of 59 % [21]. Re
mission was achieved independent of prior 
treatment or patient's age. In fact, remis
sion rates were identical when patients were 
treated at first or second relapse (77 % vs. 
78 %). The majority of patients (22/24) 
reached remission after one cycle of treat
ment, an observation which demonstrates 
high sensitivity of relapsed leukemia to 
intermediate-dose ara-c/AMSA. In accord
ance with previous reports, the probability 
of remission induction at relapse was posi
tively correlated to initial remission dura
tion (Table 4). 

Median DFS of relapsed patients was 
short (3 months) and not significantly dif
ferent from the refractory group. DFS was 
essentially independent of whether BMT 
patients were censored or not (3.0 vs. 3.5 
months). It should be noted, however, that 
5/31 patients died in CR, 4 of whom follow
ing intensive consolidation with HD ara-C, 
while one patient was lost-to-follow-up 2 
months after reaching CR (20 %). These 
circumstances may have contributed to the 
short DFS. 

Interestingly, while CR rates were signi
ficantly higher for relapsed than for refrac
tory patients (77.5 % vs. 46 % ), DFS (3 vs. 
2.5 months) and survival of responders (4.9 
vs. 4.1 months) were comparable for both 
groups. This finding may suggest that re
sponding patients in relapsed and refracto
ry leukemia share similar disease character
istics, particularly with regard to regrowth 
kinetics of leukemic cells. In good agree
ment with this hypothesis is the fact that the 
overall survival of responders plus nonre
sponders in relapsed and refractory patients 
is similar (5.8 vs. 5.3 months) (Table 5). 

When refractory and relapsed patients 
were analyzed together, a DFS of 3 months 
was calculated. Patients who received con
solidation treatment after remission induc
tion showed a significantly (p=0.049) lon
ger DFS (3.3 months) than patients who 
were not consolidated (1.9 months) (Fig. 
1). Note again that a DFS of 3.3 months of 
the consolidated group includes 4/28 (15 % ) 
patients who died in CR following consoli
dation with HD ara-C. Still, this observa
tion appears to support the importance of 
consolidation treatment. However, it 



should be pointed out that the median DFS 
advantage of consolidated patients (1.4 
months) was nearly identical to the time 
needed for the consolidation treatment 
itself. It may be concluded that ID ara
ClAMSA does induce apparent remissions, 
but leukemic regrowth after the end of 
treatment cannot effectively be prevented. 
Therefore, alternative approaches for post
remission therapy are warranted. Despite 
short DFS, treatment of refractory and 
relapsed leukemia provides a realistic ben
efit for the patient. In fact, ID ara-ClAMSA 
therapy clearly (p=0.011) yielded a survival 
advantage for responding patients (6.1 
months) compared to nonresponding pa
tients (2.4 months) (Fig. 2). 

Four patients were transplanted in the 
relapsed group and none in the refractory 
cohort. Survivals of responding refractory 
and relapsed patients were nearly identical 
(4.1 vs. 4.9 months) when patients were 
censored at BMT. In contrast, when censor
ing was omitted, a survival advantage 
became apparent for the relapsed group 
where BMT was a treatment option once 

1. 0 iL 
I 
I 

patients had reached remission (4.1 vs. 9.3) 
(Table 5). However, this difference was not 
significant (p=0.668). 

Because of the small number of respond
ing refractory patients (n=6), relapsed 
patients were compared when censoring 
was performed at BMTversus no censoring 
(Fig. 3). Again, no significant difference 
was observed (p=0.178). Despite the lack 
of significance for median survival, the 
curves suggest that BMTseems beneficial as 
one option of postremission treatment, 
particularly when the individual patient is 
considered. 

Toxicity of treatment was acceptable. 
Treatment-associated mortality amounted 
to an overall 25 % (12/48) including six 
patients with hypoplastic death after induc
tion and four patients with hypoplastic 
death in CR after intensive consolidation 
with HD ara-C. Pulmonary toxicity was 
observed as noncardiogenic pulmonary 
edema in 23 % (11/48) of patients resulting 
in a fatal outcome in four patients. The 
modality of prior treatment had no impact 
on the incidence of pulmonary toxicity. In 
agreement with others [22], a relation 
between the cumulative dose of ara-C and 
the development of pulmonary toxicity 
could not be demonstrated (Table 6). 

0.5 - with consolidation 

without 

--I 

-

I 
I 
I 
I 
I 
I 
-I 

I 
I 
I 

consolidation 

log rank p 0.049 

O. 0 ~i 
~-.-----'------~-----.------.-----.------.------r-----~-

o 5 10 15 20 
months 

Fig. 1. DFS of relapsed and refractory pts receiving consolidation or not 
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High-Dose Versus Intermediate-Dose Cytosine Arabinoside 
Combined with Mitoxantrone for the Treatment of Relapsed 
and Refractory Acute Myeloid Leukemia: 
Results of an Age-Adjusted Randomized Comparison* 

W Hiddemann', C. AuF, G. Maschmeyer3, R. Schanrock-Nabulsi\ W D. Ludwig5, 
A. Bartholomaus6, P. Bettelheim7 , K. Beckers, L. Balleisen9 , B. Lathan lO , 

H. Kappler", T. Gruneisen'2, R. Donhuijsen-Ant'3, A. Reichle'4, A. Heinecke'5, 
C. Sauerland'5, and T. Buchner' 

Introduction 

In the treatment of relapsed and refractory 
acute myeloid leukemia (AML) , cytosine 
arabinoside (AraC) is unanimously consid
ered a highly active single agent when given 
in repeated doses of more than 500 mg/m2 

up to 3000 mg/m2. Major dispute continues 
about the optimal dosage of AraC required 
for a most effective killing of leukemic 
blasts without undue toxicity to normal 
tissues. Based on pharmacokinetic investi
gations, AraC doses between 500 and 1000 
mg/m2 seem to be most appropriate since 
the intracellular enzyme deoxycytidine 
kinase which transforms AraC into the 
active phosphorylated form AraCTP is 
already saturated [1, 2]. The further 
increase in AraC dosage may therefore not 
translate into an enhanced antileukemic 
activity but rather into more pronounced 
toxicity to other organs. 

Departments of Hematology and Oncology, Uni
versity of Munster', DusseldorF, Berlin5 , Vien
na7 , HamburgS, Cologne'O, Marburg", Munich'4; 
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Krebshilfe, Dr. Mildred Scheel Stiftung 
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Cellular mechanisms of drug resistance 
against AraC, however, such as an increase 
in the AraCTP-inactivating enzyme cyti
dine deaminase, an inhibition of AraC 
uptake into the cell by a hampered capacity 
of the respective transmembrane transport 
system, a decrease in AraCTP incorpora
tion into the DNA molecule, or a more 
rapid and effective repair of DNA damage, 
may interfere with AraCTP formation and 
its intracellular metabolism and may 
require higher doses of AraC for a most 
effective antileukemic activity [3-11]. To 
date, no definite conclusion can be drawn 
about the clinical relevance of these and 
other mechanisms resulting in resistance 
against conventional doses of AraC or 
about the appropriate dosage which might 
be necessary to overcome these conditions. 
In an attempt to approach this question the 
German AML Cooperative Group initiated 
a prospective randomized clinical trial in 
patients with relapsed or refractory AML 
comparing high-dose with intermediate 
dose Ara-C with an adjustment for age on 
the basis of the previously established 
sequential high-dose Ara-C/mitoxantrone 
regimen (S-HAM) [12]. 

Patients, Protocol, and Methods 

Eligibility criteria included the diagnosis of 
AML according to the FAB classification in 
relapse or with refractoriness against stan
dardized first-line regimens applied in the 
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Fig. 1. Sequential HD AraC and mitoxantrone (S-HAM) 

multicenter trials of the German AML 
Cooperative Group [13, 14]. Therapy 
according to the S-HAM protocol consisted 
of AraC on days 1, 2, 8, and 9 and 
mitoxantrone on days 3, 4, 10, and 11, 
respectively (Fig. 1). While patients of all 
ages received mitoxantrone at a uniform 
dose of 10 mg/m2 per day the randomized 
comparison of different doses for AraC was 
adjusted to age as follows: 

Patients younger than 60 years of age 
were randomly assigned to receive either 
3.0 mg/m2 or 1.0 g/m2 AraC per application 
while older patients were randomized to 
either 1.0 g/m2 or 0.5 g/m2 AraC per single 
dose (Fig. 1). In order to avoid selection of 
patients with different prognoses, the ran
domization was balanced for the following 
stratification criteria: 
1. Type of first-line treatment 
2. Primary resistance against induction 

therapy 
3. Duration of the preceding remission 
4. Number of relapses 

All patients received glucocorticoid eye 
drops during the AraC administration for 
the prophylaxis of photophobia and con-

junctivitis. Antiemetic therapy and prophy
lactic antibiotic regimens were applied at 
the discretion of the participating centers. 
Antileukemic response was judged accord
ing to CALGB criteria and side effects were 
evaluated following WHO definitions. The 
interval between the onset of therapy and 
the posttreatment achievement of more 
than 20000 thrombocytes/mm3 and more 
than 500 granulocytes/mm3 was defined as 
time to recovery (TR). Patients achieving a 
complete remission were scheduled to 
receive two (::; 60 years) or one (> 60 years) 
4-week cycles of prolonged consolidation 
therapy consisting of conventional dose 
AraC, m-AMSA, vincristine, prednisone, 
6-thioguanine, and cyclophosphamide as 
previously described in detail [15, 16]. 

Results 

At present, 170 patients have been entered 
into the study from 14 participating centers 
in Germany and Austria. From the 137 
patients who have completed the S-HAM 
cycle and in whom complete documenta
tion is available, 12 cases had to be excluded 
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because of a preceding myelodysplastic 
syndrome, protocol violation, death before 
therapy or relapse after autologous bone 
marrow transplantation. Of the remaining 
125 evaluable patients, 88 were younger 
than 60 years while 37 belonged to the older 
age group. Overall, 58 (47 %) of the 125 
patients achieved a complete remission, 28 
patients (22 %) were nonresponders, and 
39 patients (31 %) died within the first 6 
weeks after the start of treatment (early 
deaths = ED). 

No significant differences were found in 
CR rates between the different treatment 
groups being 49 % versus 45 % for the 3.0 
versus 1.0 g/m2 AraC regimens in patients 
<60 years and 47 % versus 44 % after 1.0 
versus 0.5 g/m2 AraC in older patients 
(Tables 1,2). No differences between the 
respective regimens emerged either for the 
time to CR (median 46 days) or remission 
duration (median 4.5 months). The evalua
tion of initial cytoreduction in the bone 
marrow 7 days after completion of chemo
therapy, however, revealed the tendency 
towards a higher proportion of cases with 
an adequate blast clearance to less than 5 % 
residual leukemic cells after the high-dose 
as compared to the intermediate-dose 
AraC protocols in patients <60 years of 

age. In this group, less than 5 % blasts were 
found in 80 % versus 65 % after 3.0 g/m2 
versus 1.0 g/m2 AraC. In the older age group 
blast cell clearance was similar with 71 % 
after 1.0 g/m2 AraC and 78 % after 0.5 g/m2 
AraC. Analysis of treatment failures 
demonstrated a significantly higher rate of 
nonresponders after the lower dose regi
mens in both age groups of 37 % and 28 % 
versus 11 % and 11 % in patients receiving 
AraC at higher dose (p < 0.01). Corre
spondingly, more early deaths were ob
served in the latter groups of 40 % and 42 % 
as compared to 18 % and 28 %, respective
ly, (p < 0.05) (Tables 1,2). 

Nonhematologic toxicity consisted main
ly of nausea and vomiting, diarrhea, muco
sitis, and liver enzyme elevations. CNS 
symptoms were observed in 16 of 91 treat
ment courses in the younger age group 
(17 %) and in 8 of 36 courses (22 %) in older 
patients. While in the latter age group 
toxicities were not different in severity and 
frequency between the different AraC dose 
groups, a significantly higher frequency of 
CNS toxicity was observed in younger 
patients receiving 3.0 g/m2 AraC (28 % 
versus 7 %, p < 0.01). Except for this 
difference toxicities were otherwise com
parable. 

Table 1. Treatment results in evaluable patients <60 years (n = 88) 

AraC dose (g) CR ED NR + PR n 

3.0 22 (49%) 18 (40%) 5 (11 %) 45 
1.0 19(45%) 8 (18 %) 16 (37 %) 43 

41 (47%) 26 (29 %) 21 (24 %) 88 

p < 0.05 p < 0.01 

Table 2. Treatment results in evaluable patients >60 years (n = 37) 

AraC dose (g) CR ED NR n 

1.0 9 (47 %) 8 (42 %) 2 (11 %) 19 
0.5 8(44%) 5 (28 %) 5 (28 %) 18 

17 (46%) 13 (35 %) 7 (19%) 37 
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From the 28 patients achieving a com
plete remission 8 patients subsequently 
underwent autologous or allogeneic bone 
marrow transplantation. Seventeen pa
tients were treated by a prolonged consoli
dation chemotherapy as derived from a 
pediatric AML trial previously reported in 
detail [15, 16]. Since three patients died 
from severe infections during consolidation 
because of prolonged aplasia, consolidation 
was stopped, prematurely. Of the 50 
patients not undergoing bone marrow 
transplantation 32 have relapsed after 1-18 
months, and 15 are in ongoing remission for 
1 + to 11 + months. Overall, the median 
remission duration is 4.5 months and over
all median survival is calculated for 5 
months. 

Discussion 

The present study addresses for the first 
time the question of intermediate-versus 
high-dose cytosine arabinoside in the treat
ment of relapsed and refractory acute my
eloid leukemia in way of a prospective 
randomized comparison. Pharmacokinetic 
investigations suggest that this issue is sett
led already in favor of intermediate doses of 
AraC in the range of 500-1000 mg/m2 per 
single application. These doses were shown 
to saturate the intracellular enzyme deoxy
cytidine kinase transforming AraC into its 
active from AraCTP [1, 2], suggesting that 
higher doses will not result in increased 
antileukemic activity but more pronounced 
side effects, only. Various mechanisms of 
cellular resistance against AraC, however, 
such as an increase in the AraCTP-inacti
vating enzyme cytidine deaminase, a reduc
tion of AraCTP incorporation into the 
DNA molecule or more effective repair of 
AraC-induced DNA damage may require 
application of higher doses of AraC for 
optimal antileukemic activity [3-11]. This 
thesis is supported by two consecutive stud
ies by WiIlemze et al. in refractory acute 
myeloid leukemias. In the first trial, 10 of20 
patients achieved a complete remission af
ter treatment with 12 doses of 3.0 g/m2 
AraC whereas in a subsequent study none 
of 8 patients responded to 12 doses of 1.0 
g/m2 AraC [17]. A similar difference was 

not observed, on the other hand, by Herzig 
and coworkers when comparing 2.0 vs. 3.0 
gP AraC both given twice daily for 6 days 
[18]. 

Since side effects of AraC treatment were 
convincingly shown to correlate with AraC 
dosage [18-20] and the possible therapeutic 
advantage of shorter retention of AraCTP 
in normal hematopoietic cells as compared 
to leukemic blasts seems to be abolished at 
higher AraC doses [1], it is essential for the 
optimal treatment of patients with relapsed 
or refractory acute leukemia to define the 
dosis of AraC which can be applied safely 
without losing antileukemic activity. 

In the current prospectively randomized 
multicenter trial of the German AML Coo
perative Group no major differences in 
overall response rates were observed which 
seems to support the use of intermediate 
doses of AraC as derived from pharmaco
kinetic investigations. A more detailed 
investigation of the present results, howev
er, reveals some remarkable differences in 
outcome. Hence, a significantly higher rate 
of patients with persistent leukemia was 
observed in the patient group receiving the 
lower AraC dose while early death rates 
were significantly enhanced in the high
dose AraC treatment arms. The impression 
that higher doses of AraC might have a 
higher antileukemic effect which does not 
translate into a higher response rate 
because of an increased treatment-asso
ciated toxicity is emphasized by the analysis 
of blast cell clearance from the bone mar
row one week after the completion of 
therapy. This parameter indicates in fact a 
higher clearance rate after the application 
of 3.0 g/m2 versus 1.0 g/m2 AraC in younger 
patients (80 % versus 65 %). In the older 
age group, receiving 1.0 g/m2 or 0.5 g/m2 
AraC, a similar difference was not found. 

In general, these data emphasize that the 
question of the most appropriate and effec
tive dose of AraC in relapsed and refractory 
acute myeloid leukemia still remains open 
at the present time. The data of the current 
study strongly suggest that an increase in 
AraC dose may be associated with an 
enhancement of AraC antileukemic activi
ty, which, however, does not translate into 
an improved remission rate due to a higher 
rate of early deaths predominantly from 
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uncontrollable infections. Hence, at the 
present time intermediate-dose AraC re
presents the recommended dose in the 
sequential S-HAM regimen for the treat
ment of advanced AML. Improved control 
of infectious complications by the use of 
hematopoietic growth factors, however, 
may allow dose escalation for more effec
tive antileukemic therapy in the near future 
[21]. 

Summary 

One hundred and seventy patients with 
relapsed or refractory acute myeloid leu
kemia (AML) were entered into a prospec
tive randomized comparison of high-dose 
versus intermediate-dose cytosine arabino
side (AraC) both combined with mitoxan
trone (mitox) according to the previously 
established sequential HD-AraC/mitox re
gimen (S-HAM). AraC was administered 
by 3 h info q12 h on days 1, 2 and 8, 9 at 
randomly assigned doses of either 3.0 ver
sus 1.0 g/m2 in patients <60 years of age or 
1.0 versus 0.5 g/m2 in older patients. Mitox 
was given to all cases at a dose of 10 mg/m2 
per day on days 2, 4 and 10, 11. Randomi
zation was stratified for primary refractori
ness against induction therapy and the 
length of first remission in relapsed cases 
«6 months, 6-18 months, > 18 months). 
From 125 presently evaluable cases, 58 
patients (47 %) achieved a complete remis
sion (CR), 28 patients (22 %) were nome
sponders (NR) and 39 patients (31 % ) died 
within the first 6 weeks after the start of 
treatment (early death = ED). No signifi
cant differences were found in CR rates, 
being 49 % and 45 % for the 3.0 versus 1.0 
g/m2 AraC regimens in patients <60 years 
and 47 % and 44 % after 1.0 versus 0.5 g/m2 
AraC in older patients. No differences 
between the respective regimens emerged 
either for the time to CR (median 46 days) 
or remission duration (median 4.5 months). 
In patients <60 year, evaluation of initial 
cytoreduction in the bone marrow 7 days 
after completion of chemotherapy, how
ever, revealed a tendency towards a higher 
proportion of cases with adequate blast 
clearance «5 %) after 3.0 g/m2 AraC of 
80 % as compared to 65 % after the lower 
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AraC dose. In this context, analysis of 
treatment failures demonstrated a signifi
cantly higher rate of NR after the lower 
dose regimens in both age groups of 37 % 
and 28 % versus 11 % and 11 % in patients 
receiving AraC at higher doses (p < 0.01). 
Correspondingly, more EDs were observed 
in the latter groups. These data suggest a 
dose response relation of AraC antileu
kemic activity which does not translate into 
an improved remission rate due to a higher 
rate of ED predominantly from uncontroll
able infections. 
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Treatment of Refractory and Relapsed Childhood Acute 
Myelogenous Leukemia with High-Dose Cytosine Arabinoside 
and Mitoxantrone (HAM): 
Results of the AML Relapse Study BFM-85 

1. Ritter, U. Creutzig, and G. Schellong for the AML-BFM Group 

Introdnction 

In spite of intensive induction polychemo
therapy and subsequent intensive postre
mission chemotherapy nearly one-half of 
the children with acute myelogenous leu
kemia (AML) still relapse with their disease 
and ultimately die of drug-resistant leuke
mia. High secondary remission rates have 
recently been reported by the application of 
high-dose cytosine arabinoside (HD ARA
C) alone or in combination with anthracy
clines, asparaginase or m-AMSA [1, 3-5, 7, 
8, 11]. Especially patients with AML 
refractory against conventional-dose ARA
C were shown to benefit from the use of HD 
ARA-C [6]. In 1985 Hiddemann and 
coworkers reported on the high antileu
kemic activity in refractory and relapsed 
AML in adults using the combination of 
HD ARA-C plus mitoxantrone [5]. In the 
same year the German multicenter AML
BFM study group decided to use this drug 
combination in children with refractory and 
relapsed AML. This report gives an update 
of the pediatric HD ARA-C/mitoxantrone 
study. 

Patients, Treatment Protocol 
and Methods 

Twenty-five children with refractory and 
relapsed AML were treated with the com
bination of HD ARA-C and mitoxantrone. 

University Children's Hospital Munster, 
Albert-Schweitzer-Sti. 33, W-4400 Munster, 
FRG 
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All children were initially treated according 
to protocol AML-BFM-83 [10]. Table 1 
shows some patient characteristics of the 25 
children. The male: female ratio was slightly 
higher than in first line patients in study 
BFM-83. The distribution according to the 
FAB subtypes was similar to the first line 
patients [2]. Eight children were refractory 
to induction and consolidation treatment 
according to study AML-BFM-83 [10]. 
Eleven children relapsed within the 1 year 
after diagnosis, whereas the remaining six 
children relapsed in the 2 year after diagno
sis. Therapy consisted ofHD ARA-C 3 g/m2 
every 12 h by a 3-h continuous infusion on 
days 1-4. Mitoxantrone was given at a dose 
of 12 mg/m2 per day on days 3, 4, and 5. 
Suportive care included glucocorticoid eye-

Table 1. Patient characteristics 
and entry criteria 

N 
Sex (male: female) 
Age 

FABMI 
M2 
M3 
M4 
M5 
M6 
M7 

Entry criteria: 

25 
17:8 
9 mos-

165112 years 
(median: 
84/12 years 

6 
4 
1 
8 
3 
2 
1 

Primary nonresponse 8 
(protocol BFM-83) 
Early relapse «12 mos) 11 
Late relapse (>12 mos) 6 



Table 2. Treatment results of HD ARA-C/Mitox in children 

N 

Refractory AML 8 
Early relapse 11 
«12mos) 
Late relapse 6 
(>12 mos) 

25 

drops and oral vitamin B6. The evaluation 
of the antileukemic efficacy was based on 
CALGB criteria [12]. 

Results 

Treatment results of the 25 children are 
given in Table 2. Three out of eight children 
who did not respond to induction/consoli
dation treatment of study BFM-83, 5/11 
children with early relapse, and 5/6 children 
with late relapse achieved a complete re
mission, the CR rate being 52 %. Four out 
of 25 children (16 %) died early within the 
first 6 weeks in bone marrow aplasia and 
8/25 (32 %) did not respond to the HAM 
protocol. The main toxicity of the HAM 
protocol was hematotoxicity, as shown in 
Table 3. All children needed platelet sup
port, and all children developed fever in 
bone marrow aplasia. Two of 15 children 
with documented infections and 2 of 10 
children with fever of unknown origin died 
during bone marrow aplasia despite every 
type of supportive care including artificial 
ventilation. The median time to recovery of 
peripheral blood counts (WBC <500/fll; 
platelets <20000/fll) of the responding 

Table 3. Hematologic toxicity of 
the HAM protocol 

Platelet support 
Life-threatening bleeding 
Fever 
Documented infections 

Bacterial 
Fungal 

Fever of unknown origin 

25/25 
1125 

25/25 
15/25 
10 
5 

10/25 

ED NR CR In CR 

1 
2 

4 

4 3 1 (30+) 
4 5 1 (52+ after BMT) 

5 2 (42+; 18+) 

8 13 4 

children was 28 days with a range of 24-36 
days. Five of the 13 responding children 
underwent bone marrow transplantation in 
second remission. One of these children is 
in long-lasting second remission (52+ 
months), whereas two children died early 
after transplantation. Two children relapsed 
after bone marrow transplantation. The 
remaining eight responding children re
ceived different forms of maintenance 
treatment. Three of them are in long-lasting 
second CR (18+; 30+; 42+ months). The 
eight children who did not respond to the 
HAM protocoldied after 1-6 months due to 
refractory leukemia. 

Discussion 

The treatment results of the present child
hood study using the combination HD 
ARA-C and mitoxantrone revealed a CR 
rate of 52 % . These results are in the same 
range as treatment results in adults using 
the same combination. Markus et al. [9] 
described 10/18 complete remISSIOns 
(56 %), whereas Hiddemann et al. [7] 
described 21140 complete remissions (53 %) 
using the HAM protocol. All children in the 
present childhood HAM study were 
recruited from the multicenter trial AML
BFM-83 [2], and had therefore received a 
standardized first-line treatment with ADE 
induction and seven-drug/8-week consolid
iation [2]. The hematologic effects of HD 
ARA-C and mitoxantrone were compara
ble to the ADE induction treatment of the 
AML-BFM-83 protocol [2]. The time to 
recovery of WBC <500/fll and platelets 
<20 OOO/fli was 28 days and thus in the same 
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range as in a comparable study in adult 
patients [7]. Furthermore, the time to 
recovery was in the same range as after 
ADE induction according to study BFM-83 
[2]. Based on the standardized intensive 
first-line treatment, the present study 
demonstrtes a high antileukemic efficacy of 
the combination HD ARA-C and mitoxan
trone in refractory and relapsed childhood 
AML. 
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Sequential Standard-Dose Cytosine ArabinosidelMitoxantrone 
Therapy (SAM) in Adults with Acute Myeloid Leukemia* 

H. Radtke', 1. Schwamborn', H. Daus', D. HufnagF, R. Herboth3, 1. PreiB4, 
and H. W. Pees' 

Introduction 

During the last 2 decades different treat
ment strategies have been tested as remis
sion induction therapy in acute myeloid 
leukemia (AML) in adults in several large 
trials. The present standard regimen 
includes cytosine arabinoside (200 mg/m2 
per day) for 7 days and an anthracycline 
derivate like daunorubicin (60 mg/m2 per 
day) for 3 days [1]. The double-induction 
strategy with repetition of two identical 
chemotherapy courses prolongs disease
free survival [2]. Recently the new anthra
quinone derivate mitoxantrone has been 
introduced in the therapy of refractory and 
relapsed AML. In combination with high
dose cytosine arabinoside or etoposide, a 
high efficacy of the drug could be demon
strated [3, 4]. However, experience using 
mitoxantrone in primary therapy of AML is 
still limited. In randomized trials Phillips et 
al. [5] and Arlin et al. [6] demonstrated a 
marginal, not significant superiority of 
mitoxantrone compared to daunorubicin. 
In 1980 Burke et al. [7] reported the results 
of a sequential chemotherapy modality 
timed to coincide with enhanced tumor 
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4 Caritasklinik St. Theresia-Rastpfuhl, 6600 
Saarbrticken, FRG 
* Supported by Lederle Arzneimittel GmbH 
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proliferation after initial aplasia induction. 
On this basis, Capizzi et al. [8] and Hidde
mann et al. [9] applied high-dose cytosine 
arabinoside in a sequential mode and 
showed an enhanced efficacy compared to 
conventional chemotherapy. In a prospec
tive multicenter trial we are currently eva
luating the efficacy and toxicity of a double
induction therapy with standard-dose cyto
sine arabinoside and mitoxantrone in a 
sequential mode (SAM protocol) in adults 
with untreated AML. 

Patients and Therapy 

Four hospitals in southwest Germany are 
participating in this ongoing trial. All adults 
with newly diagnosed AML have been 
included since July 1988. Patients with 
secondary leukemia (preceeding myelodys
plasia or chemotherapy) or aged over 65 
years are excluded. Up to now 24 patients 
have been treated in this trial, 22 patients 
have been evaluable (10 men, 12 women), 
and two patients have not yet finished 
induction therapy. Age ranged from 16 to 65 
with a median of 52 years. Six patients 
presented with monoblastic differentiation 
(FAB M5), four of these having widespread 
monoblastic cutaneous infiltration. 

In the SAM protocol cytosine arabino
side (100 mg/m2) is given twice daily as 1-h 
infusion on days 1-5 and days 8-10, mitox
antrone (12 mg/m2) is applied daily as a 
short infusion on days 3-5 and day 9 
(Fig. 1). After restoration of peripheral 
blood counts, therapy is repeated with the 
same dosage. Bone marrow is examined on 
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Mitoxantrone 
12 mg/m2 

" II " 

I I I 
1 2 3 , 5 6 7 8 9 10 

Day 
Fig. 1. Schema of the SAM protocol (sequential 
standard-dose cytosine arabinoside/mitoxan
trone) 

day 17 of the first therapy cycle, and 
remission state is obtained after both ther
apy cycles when the leukocyte count 
reaches a value above 3000/mm3• 

Results 

Twenty-two of 24 patients completed two 
cycles of induction therapy. Fourteen out of 
22 patients (64 %) achieved a complete 
remission, 10 of these 14 already after 1 
cycle of chemotherapy. One patient (5 %) 
achieved a partial remission, two patients 
(9 %) were nonresponders. Five patients 
(23 % ) died after onset of therapy: three of 
cerebral bleeding (one on day 2 of first 

Table 1. Overall responses in 22 patients with 
newly diagnosed AML treated with sequential 
standard-dose cytosine arabinoside and mitoxan
trone 

Complete remission (CR) 
Partial remission (PR) 
Nonresponder (NR) 
Early death (ED) 

14/22 
1122 
2/22 
5/22 

64% 
5% 
9% 

23% 

Table 2. Adverse effects of sequential standard-dose cytosine arabinoside and mitoxantrone (WHO 
grade) 

First x SAM (n = 22) Second x SAM (n = 17) 

WHO grade 1 2 3 4 1 2 3 4 

Nausea/vomiting 9 3 2 0 4 1 3 0 

Diarrhea 0 1 0 1 0 0 0 0 

Obstipation 0 0 0 0 0 0 0 0 

State of consciousness 1 0 0 0 0 0 0 0 

Cutaneous toxicity 1 1 0 0 1 0 0 0 

Mucositis 1 5 2 1 1 3 1 0 

Drug fever 0 0 0 0 0 0 0 0 

Infection 2 13 3 2 3 2 5 1 

Hepatotoxicity 2 2 0 1 2 2 0 0 

Nephrotoxicity 2 0 0 0 0 0 0 0 

Pulmonary toxicity 2 0 0 0 0 0 0 0 

Cardiotoxicity 1 1 0 0 0 0 0 0 

Neurotoxicity 1 0 0 0 0 0 0 0 
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Fig. 2. Kaplan-Meier plot of disease-free survival for 14 patients treated with SAM protocol 
compared to 15 patients treated with the TAD9 regimen as a historical control (* = bone marrow 
transplantation) 

therapy!), one of infection, and one suc
cumbed to pneumonia, liver dysfunction 
and un tractable diarrhea (Table 1). Dura
tion of aplasia (leukocyte count 
< 1000/mm3) ranged from 8 to 32 days in 
first therapy with a median of 20 days and 
from 3 to 38 days in second therapy with a 
median of 17 days. Toxicity is summarized in 
Table 2. The main problem was infection 
due to bone marrow aplasia; other adverse 
effects were tolerable. 

Figure 2 shows a Kaplan-Meier plot of 
disease-free survival compared to the 
results of our hospital with the TAD9 
protocol [2] as a historical control. Median 
duration of disease-free survival for the 14 
patients achieving complete remission after 
therapy with SAM protocol was 414 days. 
Seven patients are still at risk. Median 
disease-free survival for the 15 patients 
achieving complete remission after treat
mentwithTAD9protocoi was 177 days. The 
difference is not yet significant (p = 

0.0502). Therapy after achieving complete 
remission was different and is presented in 
Table 3. 

Discussion 

The preliminary results of this multicenter 
trial demonstrate an encouragingly high 
efficacy of the SAM protocol with low 
toxicity. Compared to our own experience 
with the TAD9 regimen, the remission rate 
is significantly higher (p < 0.01 in chF test) 
and the disease-free survival is longer (p = 
0.0502 in logrank test). Duration of aplasia 
seems to be slightly longer compared with 
conventionally timed chemotherapy proba
bly due to the sequential application mode. 
A longer follow-up in this trial will contri
bute additional information to the question 
of whether mitoxantrone is superior to 
daunorubicin in the treatment of AML. 
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Table 3. Further therapy of the 14 patients achieving complete remission after induction therapy with 
SAM protocol (from Caplizzi et al. [8]) 

n Comment 

No further therapy 6 Four patients in continuous remission on day 179+, 519+, 553+, 
716+ 

Allogenic BMT Patient died in remission due to GvHD 

Autologous BMT Patient in continuous remission on day 697 + 

Consolidation 
therapy 

2 Both patients relapsed 

Maintenance 
therapy 

Patient relapsed and died due to aplasia during maintenance therapy 

Other 3 One patient relapsed before BMT, 2 patients still under therapy 
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Acute Myeloid Leukemia: An Update of Treatment Results 
with High-Dose Ara-C Consolidation Therapy* 

G. HeiP, M. Freund2, H. Link2 , P. Mitrou3 , D. Hoelzer3, H. Wandt4, G. Ehninger5, 

E. Fackler-Schwalbe6 , G. Schlimok6 , A. Lasch7, W QueiBer7 , B. Laffler8, 

and E. Kurrle1 

Introdnction 

Substantial progress in chemotherapy and 
supportive care made it possible in 
60 % -80 % of adult patients suffering from 
de novo acute myeloid leukemia (AML) to 
achieve a complete remission (CR) of the 
disease [1]. Despite this progress not more 
than about 20 % of the complete respon
ders remain in long-term remission and are 
probably cured. The vast majority, however, 
relapse with their disease mostly within the 
first 2 years after achievement of CR [2]. 
The outcome of AML patients might be 
improved not only by alternate treatment 
strategy in remission induction therapy but 
also in postremission therapy [3]. The latter 
view is supported by the superior outcome 
of patients who underwent allogeneic bone 
marrow transplantation [4, 5]. Unfortu-
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nat ely bone marrow transplantation as a 
postremission therapy is restricted to only a 
minority of patients younger than 50 years 
with an HLA identical sibling. To improve 
outcome of the remaining patients two 
alternate treatment modalities are of basic 
interest. The patients received either long
term postremission therapy including cycles 
of myelosuppressive drug combinations [3]. 
On the other hand promising results were 
obtained by treatment of patients with one 
or two cycles of an aggressive postremission 
therapy with 8-12 doses of high-dose cyto
sine arabinoside (HD Ara-C) either alone 
or in combination with an anthracycline, 
amsacrine or etoposide without further 
maintenance therapy [6,7]. Despite the fact 
that the antileukemic effect of various 
high-dose cytosine arabinoside combina
tions had also been shown to be effective in 
relapsed and refractory AML patients, the 
definite role in postremission therapy 
remained to be further elucidated since 
some selection in studies so far presented 
could not be excluded [8, 9]. It was the aim 
of a multicenter trial of the Siiddeutsche 
Hamoblastosegruppe initiated in 1985 to 
analyze the influence of high-dose cytosine 
arabinoside/daunorubicin (HD Ara
CINDR) consolidation therapy on unmain
tained continuous complete remission of 
patients with de novo AML. Furthermore, 
the toxicity of an HD Ara-CINDR therapy 
was to be analyzed in patients 50 years old 
or younger. This treatment modality was 
restricted to this age group since an increase 
in toxicity especially CNS toxicity was 
reported in patients over 50 years old 
[10]. 
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Patients and Methods 

Patient Selection 

Between May 1985 and April 1990 149 
patients suffering from de novo AML (FAB 
M1-M6) were included in the multicenter 
trial [11,12]. The median age of all patients 
under study was 37 years (range 15-50 
years). Exclusion criteria were as follows: 
age over 50 years; secondary leukemia or 
history of myelodysplastic syndrome, aplas
tic anemia or smoldering leukemia; severe 
disease of heart, lung, liver, kidneys or 
CNS; severe complications of the leukemia 
if not treatable successfully. 

Treatment 

Induction therapy comprised two cycles of a 
three-drug combination (DAV 1111) includ
ing cytarabine, daunorubicin and VP 16-
213. Patients in complete remiSSIOn 
received one additional course of the DAV 
combination theory (DAV III) as early 
consolidation after recovery of the neutro
phil count to over 1000/1 and thrombocytes 
to over 100000/1 (Fig. 1). Patients in com
plete remission who were not candidates for 
allogeneic bone marrow transplantation 
received one or two courses of HD Ara
CIDNR as late consolidation therapy 
(Fig. 1) 4 weeks after recovery from early 
consolidation therapy. Patients with severe 
complications during the first course of HD 
Ara-CIDNR such as severe infections or 
prolonged aplasia did not receive the 
second course. None of the patients 
received maintenance therapy. 

Supportive Care 

The patients were treated under conven
tional ward conditions in single or two-bed 
rooms. Prophylactic platelet transfusion 
and antibiotic therapy were given as pre
viously described [11]. 

Evaluation 

Toxicity was quantitated according to the 
World Health Organization (WHO) grad-
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ing system [13]. The evaluation of the 
antileukemic efficacy was based on 
CALGB criteria [14]. Duration of CR was 
analyzed from the achievement of CR until 
relapse. Survival was determined from the 
beginning of treatment until death. Patients 
who underwent bone marrow transplanta
tion were censored at time of transplanta
tion. Life tables were calculated according 
to the method of Kaplan and Meier. The 
closing date for statistical evaluation was 
01.04.90. 

Results 

Induction Therapy 

One hundred and four out of the 149 
patients (70 % ) included in the trial 
achieved a complete remission, 7 patients 
achieved a partial remission (4.7 % ), 24 
patients (16 %) were treatment failures, 
and 14 patients (9.3 %) died during induc
tion therapy. 

Late Consolidation Therapy 

Fifty-nine out of 104 patients (57 %) in CR 
received one or two courses of HD Ara
CIDNR as late consolidation therapy. Of 
the remaining cases seven patients relapsed 
prior to onset of HD Ara-CIDNR therapy 
and 17 patients were transplanted. Hema
tologic and nonhematologic toxicity of late 
consolidation therapy was profound in all 
cases under study with a median duration of 
critical neutropenia of 24 days. Nonhema
tologic toxicity was mainly due to infectious 
complications. Of the treatment courses 
49 % were associated with WHO I1I1IV 
infectious complications and two patients 
died due to fatal septicemia. CNS toxicity 
was mild to moderate with only one patient 
displaying grade IV (WHO) symptoms, 
which were reversible after cessation of 
therapy. The probability of survival of all 
149 patients under study after 57 months is 
37 % with a median survival time of 23 
months. Median remission duration of all 
104 complete responders is 25 months and 
of those with late consolidation therapy 37 
months. 
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Discussion 

The role of HD Ara-CIDNR treatment in 
postremission therapy was analyzed in a 
multicenter trial from May 1985 to April 
1990 in patients aged 50 years or younger 
after an identical induction and early con
solidation therapy. The outcome of 59 HD 
Ara-C/DNR consolidation patients was 
found to be substantially improved com
pared with that of a historical control group 
[15]. 

These data provide additional evidence 
that long-term postremission chemothera
py including repeated myelosuppressive 
cycles might be successfully replaced by 
aggressive short-term postremission che
motherapy [16]. One has to take into 
consideration, however, that only about 
one-half of the complete responders of this 
study were eligible for HD Ara-C therapy 
so that a selection cannot be excluded. As a 
consequence a larger series of patients and 
a longer period of observation seem neces
sary to confirm these data and to analyze 
the optimal dose of Ara-C and number of 
courses necessary [17]. The toxicity of this 
high-dose therapy with a lethal complica
tion rate of less than 5 % makes this strate
gy feasible in this age group, though infec
tious complications in particular need care
ful attention and sophisticated supportive 
care. It remains questionable, however, 
whether this strategy is also applicable to 
patients over 50 years of age, who appear to 
suffer from an increased toxicity [2, 18]. 
This patient group might profit from the 
same approach by either using a reduced 
dosage or by adding hematopoietic growth 
factors to shorten the period of critical 
neutropenia and the incidence of infectious 
complications [19]. 
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Continuous Infusion of Mitoxantrone Combined with High-Dose 
Cytarabine (c-HAM) in Acute Myeloblastic Leukemia 

W Linkesch and I. Grassl 

The cellular mitoxantrone concentration 
with continuous infusion is about twice as 
high as with a bolus infusion of an equal 
myelotoxic dose. Mitoxantrone could be 
detected in plasma for at least 5 days after 
the end of a 21-day infusion period and in 
leukocytes for at least 14 days [1]. In our 
previous study using continuous infusion of 
mitoxantrone combined with high-dose 
cytarabine (c-HAM) the mean plasma con
centration of mitoxantrone remained con
stant and ranged around 200 ng/ml 15 days 
after onset of therapy [2]. Cell kinetic 
studies revealed a conditioning effect of 
cytosine arabinoside (Ara-C) for the subse
quent administration of daunorubicin or 
mitoxantrone [3-5]. Experimental results 
indicate a time-dependent synergistic effect 
of high-dose cytosine arabinoside (HO Ara
C) and mitoxantrone [6]. 

A significant antileukemic activity of a 
combination chemotherapy consisting of 
HD Ara-C and mitoxantrone (HAM) could 
be demonstrated in patients with refractory 
acute myeloblastic leukemia (AML) by 
achieving complete remissions (CR) in 
30 %-53 % of the patients [7, 8]. That 
original HAM protocol revealed a remark
ably low rate of resistant leukemias (12 %), 
but an unacceptably high early death rate of 
33 % [7]. In an attempt to reduce early 
death rates and nonhematological toxicity 
we developed a modified protocol (c
HAM) including continuous infusion of 
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mitoxantrone combined with HO Ara-C. 
Administering a c-HAM regimen to 
patients with refractarylrelapsed AML we 
observed a CR rate of 64 % with no cases of 
early death and a remarkably low nonhema
tological toxicity [1, 9]. That high thera
peutic index of our c-HAM protocol encou
raged us to apply that regimen as induction 
and/or consolidation therapy in patients 
with AML. 

The study comprised 23 patients (median 
age 57; range 17-80 years, 18 female, 5 
male) from our clinic. Nineteen patients 
suffered from de novo AML, three having 
an antecedent myelodysplastic syndrome 
which turned into an over AML, and one 
patient had a secondary AML. The c-HAM 
treatment regimen consisted of HD Ara-C 2 
g/m2 (patients <60 years) or 1 g/m2 (pa
tients >60 years) every 12 h by a 3-h 
infusion on day 1-3 combined with mito
xantrone 10 mg/m2 given by 18-h infusion 
on day 1-3. Seventeen patients received 
one induction course with OAT (daunoru
bicin 50 mg/m2 x 3, cytarabine 200 mg/m2 x 
5 continuous infusion, thioguanine 100 
mg/m2 x 12 h x 10 p.o.) followed by two to 
three cycles of c-HAM. Two patients 
received two cycles of idarubicin 12 mg/m2 
x 3 and cytarabine 200 mg/m2 x 5 contin
uous infusion followed by one to two cycles 
of c-HAM. Four patients with contraindica
tion to anthracyclines (arrhythmia) re
ceived only c-HAM (three to four cycles). 
Toxicity was assessed according to the 
WHO criteria [10], while the antileukemic 
efficacy was judged according to the coo
perative acute leukemia group 3 (CALGB) 
criteria [11]. 



Results 

All 23 consecutive patients enrolled into the 
study are evaluable, as we observed no case 
of early death. Nineteen of 23 patients 
(83 %) achieved a complete remission, two 
patients a partial remission, and two 
patients were nonresponders. Survival rates 
and therapeutic results are shown in 
Table 1. Six patients underwent successful 
bone marrow transplantation (four allo
geneic, one syngeneic, one autologous) 
with survivals of 43+ 22+,23+,29+,21 +, 

Table 1. Myelosuppression during therapy with 
c-HAM (n = 21) 

Time to: Days (Median, 
range) 

Leukocytes (109/1) < 500 7 (2-15) 
Nadir of leukocytes 9 (2-15) 
Granulocytes > 50022 (16-50) 
Leukocytes > 100020 (7-42) 
Leukocytes > 200025 (15-50) 
Thrombocytes >2000017 (10-57) 

and 17+ months. Three patients with an 
antedecent myelodysplastic syndrome 
achieved complete remission. Severe side 
effects with toxicity grades 3 and 4 accord
ing to the WHO criteria were seen in three 
patients suffering mainly from diarrhea, 
nausea, vomiting, and mucositis. We 
observed no significant toxicity (grades 3 + 
4) concerning kidney, liver, eNS, or heart. 
The results of hematological toxicity after 
21 cycles of a c-HAM regimen are illus
trated in Table 2. A decrease in leukocytes 
<500 [11 was achieved after 7 (2-15) days 
and nadir of leukocytes occurred after 9 
(2-15) days. The median time for recovery 
of granulocytes to values above 500/[11 was 
22 (16-50) days for a platelet count above 
20000/[1117 (10-57) days from the onset of 
therapy. 

Discussion 

Similar to our previous study [2] the prelim
inary results demonstrate again a high anti
leukemic effect of the c-HAM regimen. The 

Table 2. Inductionlpostremission therapy with c-HAM in ANLL 

Initials Age/sex Diagnosis Survival (months) Outcome 

O.B. 58/f AMLM4 25 CR 
T. M. 34/f AMLM1 7 NR 
R.M. 76/m AMLM4 11 PR 
L.y. 27/f AMLM1 5 NR 
R. S. 23/f RAEB-t 43+ CR-all. BMT 
F.W 60/m AMLM2 26+ CR 
O.H. 391m AMLM2 22+ CR-all. BMT 
WL. 20/f AMLMI 28 CR-all. BMT 
S. T. 77/f AMLM1 12 CR 
W R. 46/m AMLM5 29+ CR-au. BMT 
B. K. 55/m AMLM5 9 CR 
T.J. 32/f AMLM2 21+ CR-syn. BMT 
S. H. 57/f AMLM2 16+ CR 
R. R. 80/f AMLM2 6 CR 
S. T. 77/f AML (MDS) 5 CR 
S. H. 78/f AMLM1 8 PR 
G.M. 80/f AMLM4 16+ CR 
B. R. 45/f AML (sec.) 6 CR 
W M. 44/f AMLM2 17+ CR-all. BMT 
G. J. 74/f AML (MDS) 8 CR 
WL. 17If AMLM4 12+ CR 
K.P. 72/f AMLM2 9+ CR 
H.M. 70/f AMLM4 4+ CR 

(sec), Secondary AML 
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response rate of 83 % CR compares favor
ably with other HD Ara-C combinations 
especially regarding patients of that age. 
For bolus administration of mitoxantrone it 
has been demonstrated that a plasma level 
of mitoxantrone 60 min after infusion 
decreased to below mean lethal concentra
tion repeated for human cells exposed for 1 
h in vitro [12]. Patients who achieved a CR 
had higher plasma levels of mitoxantrone at 
their daily nadir than those patients who 
manifested resistant disease [13]. Using a 
very sensitive HPLC method we demon
strated a constant plasma concentration of 
mitoxantrone with a mean range of about 
200 ng/ml 15 days after onset of c-HAM 
therapy [9, 14]. 

Therefore we succeeded not only in a 
significant increase of the daily nadir but 
also in achieving a constant level of the drug 
above a concentration necessary to kill 
human cells in vitro [12]. 

As in a previous study we did not observe 
a case of early death. Nonhematological 
toxicity compared favorably with similar 
treatment protocols [7, 15]. Response rates 
of this study compared favorably to results 
we achieved with induction/consolidation 
therapy using DAT (daunorubicin, cytara
bine, thioguanine) or AAT (daunorubicin, 
cytarabine, thioguanine) regimens [16, 
17]. 

Patients with contraindications to a ther
apy with anthracyclines (arrhythmia) toler
ated the c-HAM regimen very well and 
achieved CR. 

In conclusion, in our opinion the c-HAM 
protocol offers advantages compared to the 
original HAM or to the sequential HAM 
protocol: a constant long-lasting plasma 
level of mitoxantrone, a low nonhemato
logical toxicity, and a high therapeutic 
index. 
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Treatment of Refractory and Relapsed Acute Leukemias 
with Cytosine Arabinoside and Mitoxantrone 

T. Rozmyslowicz l , G. Palynyczko l , 1. Mazur l , R. Konecki!, D. ApeP, B. Maria6ska l , 

S. Majl, J. Holowiecki2, E. Rudzka2, T. Lawniczek2, L KacheF, 1. Wojnar2, 
S. Krzemie62, L. Konopka 1, and S. Pawelski! 

Introduction 

In the last few years several new agents for 
the treatment of acute leukemia have been 
studied. These have included amsacrine, 
idarubicin, mitoxantrone, homoharring
tonine and most recently diaziquone [1]. 
Mitoxantrone is a relatively new synthetic 
anthracenedione derivative with strong 
antineoplastic activity in vitro and in vivo 
against solid tumors and leukemias [2]. 

Clinical studies have shown that acute 
leukemias resistant to doxorubicin and oth
er anthracyclines are only partially resistant 
to mitoxantrone [3]. The incomplete cross
resistance with other anticancer agents has 
also been reported [4]. The elimination 
half-life of mitoxantrone is very long, based 
on the body content of drug 35 days after 
dosing. The most important route of mito
xantrone elimination appears to be fecal 
[5]. Mitoxantrone binds to DNA but cardio
toxicity is less pronounced than after other 
anthracycline antibiotics [6]. Previously 
reported clinical symptoms of toxicity (ex
cluding myelosuppression) like nausea, 
vomiting, stomatitis and alopecia are usual
ly of limited clinical significance [7]. 

The possible synergistic antileukemic 
effect of mitoxantrone and cytosine arabi
noside has led to combination chemothera
py particularly in refractory and relapsed 
acute leukemias [1]. 

1 Institute of Hematology, Chocimska str. 5, 
00-957 Warsaw, Poland 
2 Department of Hematology, Medical Acade
my, Reymonta str. 40-029 Katowice, Poland 
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Patients, Materials, and Methods 

At the Institute of Hematology in Warsaw 
and at the Department of Hematology, 
Medical Academy, Katowice, 49 patients 
(mean age 33 years) with refractory and 
relapsed acute leukemias (35 patients with 
acute nonlymphoblastic leukemia, ANLL, 
and 14 patients with acute lymphoblastic 
leukemia, ALL) were treated with cytosine 
arabinoside (ARA-C) (Alexan; Mack, 
FRG) in combination with mitoxantrone, 
which was obtained partly from Lederle 
Lab., United States (Novantrone) and from 
Polfa Co., Poland (Mitoksantrone). 

According to cytochemical examination 
based on FAB classification and using 
monoclonal antibodies (in all cases immu
nophenotyping of leukemic cells was per
formed using monoclonal antibodies ob
tained from Becton-Dickinson, United 
States) the following types of ANLL were 
diagnosed: Mo, 1; Mb 2; M2, 25; M3, 3; M4, 

2; M6 , 2 and ALL: LI (common), 3; Lz 
(null), 11 (Table 1). Therapy consisted of 
three different doses of ARA-C: I, 3 g/m2 
every 12 h during 3-h infusion on days 1-4; 
II, 1 g/m2 every 12 h during 3-h infusion on 
days 1-4; III, 100 mg/m2 in continuous 
infusion on days 1-7. Mitoxantrone in 
combination with high doses of ARA-C (3 
g/m2 and 1 g/m2) was used in doses of 10 
mg/m2 on das 3-5 and in low doses of 
ARA-C (100 mg/m2) on days 1-3. The 
induction phase consisted of one or two 
cycles of therapy during 2-3 months. 



Table 1. Patient characteristics 

Number of patients 
Female: male 
Age (years) 

ANLL (No.) 
FAB classification 

Mo 
M, 
M2 
M3 
M4 
M6 

ALL (No.) 
L, (common) 
L2 (null) 

Results 

49 
26:23 
16-65 (mean 33) 

35 

1 
2 

25 
3 
2 
2 

14 
3 

11 

Treatment results are shown in Table 2. Out 
of the 49 patients, 24 (49 %) responded to 
the treatment. Seventeen (35 %) patients 
achieved complete remission (CR) and 7 
(14 %) partial remission (PR). Of the 35 
cases with ANLL, CR was obtained in 13 
(37 %) and PR in 4 (11 %) patients. In the 
ALL group CR was achieed in four (29 % ) 
patients and PR in three (21 %) patients 
respectively. The median duration of com
plete remission was 7 months (range 2-12 
months) and the median survival time for 
all treated patients was 24 months (Kaplan
Meier analysis). Twenty-five (51 %) patients 

Table 2. Results of combination chemotherapy: 
cytosine arabinoside plus mitoxantrone in refrac
tory and relapsed acute leukemias 

Diagnosis Patients 
No. % 

ANLL 
CR 13 37 
PR 4 11 

ALL 
CR 4 29 
PR 3 21 

Total CR 17 35 
PR 7 14 

did not respond to the treatment and nine 
(18 %) died soon after one course of induc
tion therapy with severe thrombocytopenic 
purpura and neutropenia with subsequent 
sepsis. Four (8 % ) patients died during the 
subsequent 7 months with recurrent or 
progressive disease. 

All patients were evaluated for toxicity. 
The most important side effects were myel
osuppression and pancytopenia (Table 3) 
observed in all the patients with subsequent 
bacterial infections (49 % ). Severe neutro
penia «0.5/nl) lasted at least 10 days 
(range 0-33 days) and thrombocytopenia 
«20/nl) 13 days respectively (range 0-37 
days). All patients required intravenous 
antibiotics and antimycotic treatment. Oth
er substantial side effects were moderate 
(nausea, vomiting, 47 %; alopecia, 39 %). 
No cardiac toxicity was observed. 

Table 3. Toxicity of cytosine arabinoside 
plus mitoxantrone therapy in acute leukemias 

Toxicity Number of patients 
and mean value (score) 
grading according to 
WHO 

Nausea and vomiting 17 (2°), 6 (3°) 
Cardiac toxicity 2 (1°) 
Documented bacterial 14 (2°), 3 (3°), 7 W) 
infections 
Diarrhea 3 (2°), 2 (3°) 
Hemorrhage 49 (4°) 
and thrombocytopenia 
Leukopenia 49 (4°) 
Neurotoxicity 2 (1°) 
Alopecia 13 (10), 6 (2°) 

Discussion 

As a single agent at 12 mg/m2 daily x 5 
mitoxantrone was demonstrated in patients 
with ANLL in relapse and defined as an 
active antileukemic agent. A CR rate was 
35 % (25 of 71 patients) [8]. Subsequent 
addition of cytosine arabinoside increased 
the CR rate significantly to 70 % (range 
33%-74%) in relapsed and refractory 
acute leukemias. In the group of ALL 
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patients a lower CR rate was obtained 
[9-13]. Comparing the results of all the 
trials it is difficult to find any difference in 
efficacy of the combinations whatever the 
dose of cytosine arabinoside used (100 
mg/m2, 0.5 g/m2, 1 g/m2 and 3 g/m2) [1, 
3]. 

The results of this study indicate that 
combination therapy consisting of cytosine 
arabinoside and mitoxantrone seems to 
have a significant activity in refractory or 
relapsed acute leukemias. However, in 
comparison to other data our CR rates were 
lower mainly in ALL patients (29 %) but 
the total response rate was 49 % (CR + 
PR). Because of the small group of 
patients, a much larger study would be 
needed. 

The substantial side effects can limit 
wider application of the presented drug 
combination. The major toxicity is myelo
suppression and subsequent cytopenia. The 
addition of colony-stimulating growth fac
tors may further improve prognosis in such 
patients [14]. 
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Introduction 

Patients with acute myeloid leukemia 
(AML) refractory to standard remission 
induction therapy consisting of cytosine 
arabinoside (AraC) and daunorubicin have 
a dismal outcome. Both high-dose AraC 
with amsacrine (HDAraC-AMSA, [1]) and 
VP-16,213 with mitoxantrone [2] are among 
the few chemotherapy courses which have 
been shown to produce remissions in refrac
tory and relapsing AML. It is conceivable 
that both regimens could be effective in the 
same subpopulation of patients and that 
any of them would be ineffective whenever 
the other fails to induce a complete remis
sion (CR). Evaluation of the response of 
patients treated with one of these regimens 
after failure of the other can give some 
insight into the behavior of refractory 
AML. 

In an ongoing Dutch multicenter trial, 
newly diagnosed adults with AML were 
treated consecutively with three chemo
therapy courses: 
a) AraC with daunorubicin, 
b) HDAraC - AMSA, and 
c) VP-16,213 with mitoxantrone 

(MVP16). 

After the third course, patients in CR 
since the second course were randomized 
between autologous bone marrow trans-

Department of Haematology, University of 
Groningen, Oostersingel 59, 9713 EZ Gronin
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plantation (ABMT) and no further therapy. 
As part of this study patients who were not 
in CR after the second course still received 
the third course, not as consolidation but as 
salvage therapy. The aim was to examine the 
efficacy and the toxicity of MVP16 in this 
homogeneous popUlation of highly pre
treated AML patients. 

Study Design 

This was an open study for AML patients 
refractory to AraC-dauno and to HDAraC
AMSA who are considered candidates for 
further intensive chemotherapy. Patients 
are given one or two courses of: 
- VP-16,213 100 mg/m2 per day for 5 

days 
- Mitoxantrone 10 mg/m2 per day for 5 

days 

After one or two courses patients in CR 
were free to continue with any additional 
therapy at the discretion of the physician. 
Supportive care included antibiotic prophy
laxis and blood products as required. 

Preliminary Results 

Twenty-four patients are evaluable at the 
time of this writing. Nine patients attained 
CR after one course of MVP16 and one 
patient after two courses. One nonrespon
der to previous chemotherapy attained a 
partial remission (PR), giving a response 
rate of 45.8 %. Four patients, including the 
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two who had a PR after one course, 
received two courses of MVP16 and one 
patient underwent a successful ABMT. 

In four of the CR patients duration of the 
remission was only 4 months but the seven 
others are still in CR 7+ to 28+ months after 
MVP16. The median survival of the respon
ders was 12+ months (range 8-34+ months), 
compared to 6 months in the nonresponders 
(range 3-13+ months). 

Responders were mainly among the 
patients who showed at least some reaction 
to the previous therapy: 10 of the 11 
responders had a PR after the HDAraC
AMSA therapy. Nevertheless, five of these 
did not improve from the first to the second 
course and three even deteriorated in that 
they could not consolidate a CR which was 
reached after the first course. In contrast, 9 
of 13 nonresponders had shown no response 
at all to the previous therapy. 

Toxicity was mainly hematological with a 
median duration of leukocytopenia of 45 
days (range 29-160 days) and thrombocyto
penia of >60 days (range 41 days to inde
finite) for responders. The blood counts of 
nonresponders mostly did not recover com
pletely. Surprisingly, three nonresponders 
had a remarkably short period of thrombo
cytopenia from 18 to 20 days. Infections 
and febrile episodes occurred in nine 
patients;. five of them had two infectious 
episodes. Five patients had pulmonary 
infection, often fungal in origin, and five 
had gram-positive bacteremia. Other side 
effects were negligible with only occasion
ally severe nausea and vomiting. 

Discussion 

The AML patients in this small study 
belong to a homogeneous group with an 
extremely bad prognosis because they did 
not attain a CR after a standardized treat
ment with two different courses of intensive 
remission induction therapy. Nevertheless, 
almost half of them reached a CR which was 
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durable in a considerable number and 
which allowed one patient to proceed to a 
successful ABMT. These results suggest 
that refractoriness of AML to cytostatic 
therapy can be overcome by other cytostatic 
drugs and is not always due to absolute drug 
resistance or unfavorable cytokinetic char
acteristics. Even so, the probability of 
attaining CR was highest in those patients 
who had shown some response to the 
previous chemotherapy. Most of the 
patients who did not respond at all to the 
earlier courses did not respond to the 
MVP16 either. 

There were remarkably few nonhemato
logical side effects. The infections were 
rarely severe. However, three nonrespon
ders showed a very short duration of throm
bocytopenia. This suggests that in some 
nonresponder patients an alteration of, 
e.g., the pharmacokinetics of the cytosta
tics could be more important than cellular 
refractoriness for the lack of susceptibility 
of the leukemic process. 

In comparison to Ho et al. [2], who 
examined the value of the same cytostatic 
regimen in a larger group of 61 patients, the 
response rate in the present study is some
what lower (41.6% CR plus 4.1 % PR 
versus 42.6 % CR plus 11.7 % PR) but the 
remission duration is much better (9+ versus 
4.7 months). Reasons for these differences 
are not obvious but are probably due to 
differences in patient populations. The 
patient population in the study of Ho et al. 
[2] was less homogeneous with respect to 
earlier chemotherapy and stage of dis
ease. 
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Induction Therapy for Acute Myelogenous Leukemia with 
IdarubicinlCytosine Arabinoside and Mitoxantrone/Etoposide 
in "Response-Adapted" Sequence 
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Introduction 

With conventional induction chemotherapy 
47 % -72 % of adult patients with acute 
myelogenous leukemia (AML) achieve 
complete remission (CR). However, the 
probability of continuous CR ranges from 
8 % to 45 % at 3 years [1]. Most of the 
chemotherapeutic protocols for induction 
treatment consist of cytosine arabinoside 
(Ara-C) combined with an anthracycline 
such as daunorubicin. One possibility to 
improve the induction remission rate is the 
administration of new agents with higher 
antileukemic activity. Furthermore, for 
patients not responding to the first-line 
chemotherapy, an altt<rnate regimen with 
non-cross-resistant cytostatic drugs should 
be considered in the early phase of induc
tion treatment. 

Idarubicin (4-demethoxydaunorubicin; 
IDA) is a new chemotherapeutic agent that 
lacks the methoxyl group in position 4 of 
the aglycon of daunorubicin. In preclinical 
studies, Casazza et al. demonstrated that 
idarubicin was four- to fivefold more effec
tive than daunorubicin or doxorubicin 
when evaluated against a variety of experi
mental leukemias [2]. Vogler et al. [3] report 
an 86 % complete remission rate with ida
rubicin/Ara-C versus an 80 % complete CR 
rate with daunorubicin/Ara-C in patients 
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with de novo AML. Berman et al. [4] 
demonstrated that idarubiciniAra-C is at 
least as effective as standard therapy with 
Ara-C daunorubicin in adult patients with 
newly diagnosed AML. 

It was the aim of this study to evaluate the 
remission induction rate and toxicity of a 
"response-adapted" sequential therapy 
with idarubiciniAra-C (IDAC) followed by 
mitoxantrone/etoposide (NOVE) in adult 
patients with de novo AML. The rationale 
for this clinical trial was to design a treat
ment protocol with non-cross-resistant che
motherapeutic agents to obtain a higher 
complete remission rate for patients not re
sponding to one cycle of IDAC. 

Patients and Methods 

From January 1989 to September 1990, a 
total of 31 patients (age between 15 and 58 
years) with previously untreated AML were 
included in this trial. The cutoff date for this 
report was 31 January 1991. The study was 
approved by the local Ethical Review Com
mittee. A written informed consent was 
obtained from all patients. Exclusion criter
ia included bilirubin >2 mg/dl, creatinine 
>2 mg/dl, a cardiac ejection fraction less 
than 50 % and pregnancy. The study design 
is shown in Fig. 1. The chemotherapy con
sisted of Ara-C (100 mg/m2 per day) as a 
continuous 7-day infusion and idarubicin 
(12 mg/m2 per day) as a I-hour i.v. infusion 
on each of the first 3 days of treatment. 
Patients achieving a complete or partial 
remission received a second cycle of IDAC, 
whereas those failing to respond to IDAC 
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age ~ 50 years 

allogeneic or 
auto logous BMT 

Fig. 1. Study design 

age >50 years 
t 

no maintenance 

received mitoxantrone (10 mg/m2 per day) 
as i.v. infusion and etoposide (100 mg/m2 
per day) as i.v. infusion, both from day 1 to 
day 5. Patients not responding to NOVE 
were taken off study and treated with 
high-dose Ara-C and Crasnitin (asparagi
nase). All patients achieving CR or PR after 
either two cycles of IDAC or one cycle of 
IDAC and NOVE received a subsequent 
cycle of NOVE as early consolidation ther
apy. Thereafter, patients were either fol
lowed without any maintenance therapy or 
included in a bone marrow transplant pro
gram. Patients with an HLA-compatible 
sibling received an allogeneic BMTwhereas 
patients without a suitable donor under
went autologous BMT with mafosfamide
purged bone marrow. The characteristics of 
the 31 patients entered on this treatment 
protocol are shown in table 1. 

Results 

Response Rate 

Of the 31 patients who entered this clinical 
trial, 1 patient died on the 4th day of 
chemotherapy due to an acute respiratory 
distress syndrome. Therefore, treatment 
response was evaluable in 30 patients. After 
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off study 

2 cycles of IDAC, 25 of 30 patients had 
attained a CR (83 %), wihile the majority 
(22 of 30 patients) had obtained CR already 
after the first course of IDAC (73 %). Of 
the five initial nonresponders to IDAC, 
three achieved CR after the first cycle of 
NOVE. Thus, 28 of 30 patients (93 %) 
achieved CR after a sequential induction 
therapy with either two cycles of IDAC or 
one cycle with IDAC followed by NOVE. 
The median time required to achieve CR in 
these 28 patients was 31 days (range, 17-78 
days). The two patients not responding to 
IDACINOVE were subsequently treated 
with high-dose Ara-C and Crasnitin and 
achieved a CR. However, both patients 
relapsed shortly after they underwent bone 
marrow transplantation. 

Toxicity 

Severe myelosuppression was observed in 
all patients under both chemotherapy 
regimens (Table 2). The median time of 
neutropenia following the first cycle of 
IDAC with neutrophils <0.5/nl was 25 days 
(range, 6-46 days) and the phase of throm
bopenia with platelets <50.0/nl was 21 days 
(median, range, 11-47 days). In compari
son, the phase of severe myelosuppression 



Table 1. Patient characteristics 

Number of Patients 
Total 
Evaluable for toxicity 
Evaluable for efficacy 

Age (median, range) (years) 

Female/male 

Classification according to FAB 
M1 
M2 
M3 
M4 
M5 
M6 

Hematological parameters at entry 

WBC (lnl) 
Hemoglobin (g/dl) 
Platelets (lnl) 

Median 
13.0 
9.3 

47.0 

31 
31 
30 

41 (15-58) 

19/12 

4 
6 
4 

12 
4 
1 

Range 
0.4-432.0 
6.0-12.9 
5.0-183.0 

FAB, French-American-British; WBC, white blood count 

Table 2. Duration of severe cytopenia 

First cycle 

Number of patients 30 

Days of neutrophils <0.5/nl 
Median 25 
Range 6-46 

Days of platelets <50.0/nl 
Median 21 
Range 11-47 

was shorter after the second cycle of IDAC 
with 17 days (median, range, 11-30 days) 
for neutrophils <0.5/nl and 14 days (me
dian, range, 6-40 days) for platelets 
<50.0/nl. The patients treated with NOVE 
had a median time of24 days (range, 12-61 
days) with a neutrophil count <0.5/nl and a 
median period of22 days (range, 5-44 days) 
with a platelet count <50.0/nl. 

One treatment-related death occurred 
during consolidation therapy with NOVE 

IDAC NOVE 
Second cycle All cycles 

23 29 

17 24 
11-30 12-61 

14 22 
6-40 5-44 

due to an overwhelming gram-negative sep
ticemia. Besides that, no significant compli
cations - especially no major cardiac toxic
ity - occurred during this sequential induc
tion chemotherapy. 

Response Duration and Survival 

With respect to disease-free survival 
(DFS) , 28 patients were evaluable. Eight 
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Fig. 2. Disease-free survival in patients achieving CR after sequential therapy with IDAC and NOVE 
(n = 28). Eight BMT patients were censored at time of transplantation 
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patients were censored because of bone 
marrow transplantation. Of the remaining 
20 patients, 8 relapsed after a median time 
of 191 days (range, 50-317 days). One 
patient died due to septicemia during the 
neutropenic phase after the early consolida
tion therapy with NOVE. The remaining 11 
patients are in CR with a median disease
free survival of 258 days (range, 115-636 
days) (Fig. 2). It is worth noting that in two 
of the relapsed patients a second complete 
remission could be achieved by chemother
apy. The Kaplan-Meier analysis for the 
overall survival of the 31 patients is shown 
in Fig. 3. With a longest follow-up of 734 
days, there is a 67% probability of sur
vival. 

Bone Marrow Transplantation 

Eight patients in first CR were included in a 
bone marrow transplantation protocol. All 
of them were female. The median age was 
38 years with a range from 15 to 49 years. 
Two patients had an HLA-identical sibling 
donor and could undergo allogeneic BMT. 
In the remaining six patients an autologous 
BMT with mafosfamide-purged bone mar
row was performed. The duration of the 
remission before BMT was 165 days (me
dian, range, 20-210 days). The median 
follow-up after BMT is 290 days (range, 
77-584 days). 

Five patients (four after autologous 
BMT/one after allogenic BMT) are in 
unmaintained complete remission for a 
median time of 288 days (range, 77-584 
days). One patient with allogenic BMT died 
of GvH-related complications, whereas two 
patients relapsed after autologous BMT. 

Discussion 

In this clinical trial idarubicin combined 
with Ara-C was studied as induction thera
py for patients with previously untreated 
AML. Furthermore, its therapeutic benefit 
within a sequential "response adapted" 
therapy protocol was evaluated. Therefore, 
patients not responding to IDAC were 
treated consecutively with a combination of 
mitoxantrone and etoposide. With this new 

therapeutic concept we achieved a com
plete response rate of 93 %, which is very 
high compared to a usual CR rate of up to 
72 % in the conventional standard proto
cols [1]. It is worth noting that 25 patients 
attained a CR after two cycles of IDAC 
therapy alone (83 %), demonstrating the 
therapeutic efficacy of the new anthracy
cline analogue idarubicin. These data are 
comparable with a report by Wiernik et al. 
[5] showing that idarubicinlAra-C may be 
more effective than daunorubicin/Ara-C as 
induction therapy for previously untreated 
adults with AML. A similar observation has 
been made by Berman et al. [4] with a 
better survival rate in patients treated with 
idarubicinlAra-C compared to patients with 
daunorubicinlAra-C. With respect to toxici
ty, both regimens, IDAC and NOVE, were 
well tolerated with expected toxicities like 
nausea, vomiting, stomatitis and alopecia. 
One patient died due to a respiratory 
distress syndrome on the 44th day of treat
ment and another patient died in the phase 
of severe pancytopenia during consolida
tion therapy with NOVE due to an over
whelming septicemia. In conclusion, the 
induction therapy with IDAC and NOVE in 
a response-adapted sequential application 
is highly effective in AML. Furthermore, a 
high rate of complete remissions has an 
important impact on the number of patients 
eligible for bone marrow transplantation. 

Summary 

It was the aim of this study to evaluate the 
remission induction rate and toxicity of a 
sequential therapy with idarubicin/cytosine 
arabinoside (IDAC) followed by mitoxan
trone/etoposide (NOVE) in patients with 
de novo acute myelogenous leukemia 
(AML). Idarubicin 12 mg/m2 per day was 
given as i.v. short infusion (day 1-3) and 
Ara-C 100 mg/m2 per day as continuous 
infusion (day 1-7). NOVE consisted of 
mitoxantrone 10 mg/m2 per day and etopo
side 100 mg/m2 per day (both day 1-5). 
From January 1989 until September 1990, 
31 patients (p) were included in the study. 
Their distribution according to the FAB 
classification was as follows: Ml: 4 p, M2: 6 
p, M3: 4 p, M4: 12 p, M5: 4 p, M6: 1 p. 
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Nineteen patients were female and 12 
patients male. The median age was 41 years 
(range, 15-58 years). Because of 1 early 
death, only 30 patients were evaluable for 
response. Patients achieving complete re
mission (CR) or partial remission (PR) 
received another cycle of IDAC followed by 
one cycle of NOVE as early consolidation 
therapy. The nonresponders after the initial 
IDAC cycle received NOVE. Twenty-five 
patients attained a CR after two cycles of 
IDAC (83 %). Three of the five nonrespon
ders to IDAC achieved a CR after one cycle 
of NOVE. Thus, 28 of 30 patients (93 % ) 
achieved a CR. With respect to disease-free 
survival (DFS), 8 patients were censored 
because of bone marrow transplantation 
(BMT). Of the remaining 20 patients, 11 
are in CR, whereas 8 patients relapsed and 
one patient died of a septicemia during the 
neutropenic phase after the consolidation 
therapy with NOVE. The median DFS for 
the 11 patients in CR is 258 days (range, 
115-636 days). In conclusion, induction 
treatment with IDAC and NOVE in "re
sponse adapted" sequential application is 
highly effective in patients with de novo 
AML. Whether this chemotherapy results 
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in a longer DFS than after standard therapy 
remains to be seen. 
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Use of AMSA Combination Chemotherapy in Patients 
with Acute Myelogenous Leukemia Unsuitable 
for Anthracycline or Mitoxantrone Treatment 

G. Maschmeyer, K. Willborn, and W Heit 

Introduction 

Cardiotoxic drugs such as anthracyclines or 
mitoxantrone are essential components of 
most established chemotherapy regimens 
for the treatment of acute myelogenous 
leukemia (AML). In large multicenter 
trials, up to 20 % of patients <60 years and 
more than 50 % of patients> 60 years of age 
must be primarily excluded from treatment 
mostly due to their history or clinical signs 
of congestive heart failure or significant 
arrhythmias. In addition, many patients 
with relapsed or refractory disease have 
been heavily pretreated with anthracyclines 
and thus are not suitable for further admin
istration of these substances. Studies on this 
poor-risk subgroup of AML patients are 
rare and focus on the use of low-dose 
cytosine arabinoside or other less aggres
sive drug regimens. Amsacrine has been 
reported as an effective antileukemic drug 
from numerous clinical trials since 1980. 
When administered in a total dose of about 
600 mg/m2 in combination with convention
al or high-dose cytosine arabinoside, re
sponse rates of up to 70 % have been 
observed [1-10]. We therefore conducted a 
clinical study on the use of amsacrine in 
combination with cytosine arabinoside for 
first-line or reinduction chemotherapy in 
AML patients unsuitable for anthracycline 
or mitoxantrone treatment. 

Evangelic Hospital, Essen-Werden, Department 
of Hematology and Oncology, Pattbergstr. 1-3, 
4300 Essen 16, FRG 

Materials and Methods 

From May 1985 to November 1990, a total 
of 48 patients (32 male, 16 female) with 
acute myelogenous leukemia were treated 
with AMSA combination chemotherapy. 
Their median age was 60 years with a range 
from 19-74 years. Demographic data are 
shown in Table 1. Diagnosis was made by 
morphological and cytochemical analysis of 
blood and bone marrow smears using the 
FAB classification of acute leukemias [11] 
and was confirmed by immunophenotyping 
of blast cells with monoclonal antibodies 
using immunofluorescence microscopy and 
flow cytometry. Contraindications to the 
use of cardiotoxic substances were con
firmed by two-dimensional echocardiogra
phy and by radionuclide ventriculography. 
Patients with hepatic dysfunction defined 
by the elevation of liver enzymes or biliru
bin above double the normal range were 
excluded from AMSA treatment. AMSA 
was combined with conventional-dose cyto
sine arabinoside and 6-thioguanine (TA
AMSA), with high-dose cytosine arabino
side (HA-AMSA) or sequentially with 
high-dose cytosine arabinoside (sequential 
HA-AMSA). The three applied regimens 
and the administered dosage of AMSA are 
listed in Table 2. Complete remission was 
defined by a marrow blast count below 5 % , 
absence of blasts in peripheral blood 
smears, resolution of eventual extramedul
lar leukemic infiltrates, peripheral granulo
cyte counts above 1500/mm3, and thrombo
cyte counts above 1oo000/mm3• Partial 
remission was defined by a marrow blast 
count of 5 % -25 %, peripheral granulocyte 
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Table 1. Demographic data 

n % 

Patients 48 

Median age in years 60 
(range) (19-74) 

Sex 
Male 32 66.7 
Female 16 33.3 

FAB type 
Ml 11 22.9 
M2 10 20.8 
M3 
M4 15 31.2 
M5 9 18.8 
M6 1 2.1 

Hybrid 2 4.2 

Stage of disease 
First remission induction 22 45.8 
First relapse 17 35.4 
Second relapse 4 9.1 
Third relapse 2 4.2 
Primary nonresponse 3 6.2 

Pretreatment" 
TAD-9 20 41.7 
HAM 13 27.1 
COAP 3 6.2 
TA-AMSA 3 6.2 
HA-AMSA 2 4.2 

No pretreatment 22 45.8 

Indication for AMSA 
Congestive heart failure 35 72.9 
Cumulative cardiotoxicity 5 10.4 
of anthracyclines 

Primary nonresponse I early 8 16.7 
relapse 

" Superadditive 

counts above 500/mm3 and thrombocyte 
counts above 25 OOO/mm3• Aplasia was 
defined by severe hypocellular bone mar
row without morphological evidence of 
residual blast cells. 

Side effects were graded according to the 
criteria of the World Health Organization 
(WHO). All patients were treated in one- to 
three-bed rooms on a separate hematologi
cal ward and received a cooked hospital 
diet. For infection prevention, all patients 
were given oral antimicrobial prophylaxis 
(ciprofloxacin or cotrimoxazole plus colis-
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tin, both in combination with a polyene 
antifungal). Empirical antimicrobial thera
py and blood cell support was administered 
according to standard guidelines. 

Results 

In 29 out of 48 patients (60.4 %), a response 
to treatment with AMSA combination che
motherapy could be observed. Complete 
remission was achieved in 19 (39.6 %), 
partial remission in 4 (8.3 % ), and another 6 
patients (12.5 % ) died in aplasia. Nineteen 
patients (39.6 % ) did not respond (Table 3). 
Twenty-eight patients (58.3 %) received 
TA-AMSA, 16 (33.3 %) HA-AMSA, and 4 
(8.3 % ) sequential HA-AMSA. Twenty-two 
patients were treated for first remission 
induction, all due to congestive heart fai
lure. They had a response rate of 63.6 %; 
however, 5 out of 14 responders (22.7 % of 
total) died in aplasia (Table 4). In patients 
with complete remission, the median time 
to granulocyte recovery above lOOO/mm3 

was 32 days with a range from 22-60 days. 

Table 3. Overall treatment results 

n 

Patients 48 
Response 29 

Complete remission 19 
Partial remission 4 
Death in aplasia 6 

Nonresponse 19 

Table 4. Results of first-line treatment 

Patients 

Responders 

Complete remision 
Partial remission 
Death in aplasia 

Nonresponders 

n 

22 

14 

8 
1 
5 

8 

% 

60.4 

39.6 
8.3 

12.5 

39.6 

% 

63.6 

36.7 
4.5 

22.7 

36.4 



Table 2. Applied AMSA regimens 

TA-AMSA 
AMSA 
6-TG 
Ara-C 

HA-AMSA 
AMSA 
Ara-C 

Sequential HA-AMSA 
AMSA 

Ara-C 

210 mg/m2 i.v. (2 h) 
200 mg/m2 p.o. 
100 mg/m2 i.v. (24 h) 
100 mg/m2 q 12 h i.v. (30 min) 

210 mg/m2 i.v. (2 h) 
3 g/m2 q 12 h i.v. (3 h) 

150 mg/m2 i.v. (2 h) 

3 g/m2 q 12 h i.v. (3 h) 

Days 3-5 
Days 3-9 
Days 1 and 2 
Days 3-8 

Days 2-4 
Days 1-4 

Days 3 and 4 
Days 10 and 11 
Day 1 and 2 
Days 8 and 9 

AMSA, m-amsacrine; 6-TG, 6-thioguanine; Ara-C, cytosine arabinoside 

Table 5. Characteristics of complete respon
ders 

No. of patients with complete remission 
(% of total) 

19 
(39.6) 

AMSA regimen 
TA-AMSA 
HA-AMSA 
Sequential HA-AMSA 

13 
4 
2 

Median time to granulocyte recovery 
> 1.0/nl (days) 

(range) 

Median duration of relapse-free 
surival (days) 

(range) 

32 
(22-60) 

199 
(44-1092+) 

Number of patients receiving 
Consolidation therapy 
Maintenance therapy 

4 
9 

Median time of relapse-free survival was 
199 days with a range of 44-1092+ days. 
Four patients received consolidation and 
nine patients maintenance therapy (Ta
ble 5). Nonresponse was seen in 8 out of 22 
patients in first remission induction therapy, 
6 out 17 patients treated for first relapse, 2 
out of 4 for second relapse, both two 
patients for third relapse, and lout of 3 
primary nonresponders. Adverse treatment 
effects are listed in Table 6. Nausea and 
vomiting were seen in 73 %, diarrhea in 
44 % , and hepatotoxicity in 29 % of 
patients, while cardiotoxic effects were 
observed in 6 patients, one of whom had 
WHO grade III. All drug-related side 
effects were reversible; a lethal complica
tion due to AMSA was not recorded. 

Table 6. Side effects 

Side effecta Total WHO IIII WHO III/IV 
(n) (%) (n) (%) (n) (%) 

Nausea/vomiting 35 72.9 19 39.6 16 33.3 
Diarrhea 21 43.7 10 20.8 11 22.9 
Hepatotoxicity 14 29.2 12 25.0 2 4.2 
Cardiotoxicity 6 12.5 5 10.4 1 2.1 
Rash 3 6.2 3 6.2 
Drug fever 1 2.1 1 2.1 
Neuropathy 1 2.1 1 2.1 

a Superadditive 
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Discussion 

The results of this monocenter study on 
patients with acute myelogenous leukemia 
and contraindications for established remis
sion induction of reinduction treatment 
protocols demonstrate the efficacy of amsa
crine combination chemotherapy in this 
high-risk subgroup. In patients with first 
relapse, the results are comparable to those 
achieved with high-dose cytosine arabino
side in combination with mitoxantrone [12], 
whereas in patients treated for first remis
sion induction the CR rate of 37 % and the 
rate of patients with lethal complications 
during aplasia (23 %) is markedly worse 
than reported for standard regimens. How
ever, data focussing on this subgroup of 
patients who are generally excluded from 
treatment with these standard regimens are 
not available. Thus, our study results 
obtained in patients under first-line treat
ment should be considered with respect to 
the results of mild chemotherapy, e. g. , wi th 
low-dose cytosine arabinoside [13, 14], or 
data on patients without effective antileu
kemic treatment whose median survival is 
in the range of 8 weeks [15]. Cardiac 
arrhythmia was observed in 6 out of 48 
patients (12.5 %) and appeared to be 
related to serum potassium levels, as has 
been described in reviews on amsacrine, 
also for rare cases of amsacrine-related 
seizures [16-18]. A history of congestive 
heart failure or myocardial infarction thus 
does not represent an obstacle to this 
aggressive remission induction chemother
apy; however, the median time to granulo
cyte recovery of more than 4 weeks 
observed in our patients with complete 
remission might be deleterious for these 
patients. Optimal support with blood cell 
preparations and prompt empirical antimi
crobial treatment of fever and infection 
should be available, and serum electrolyte 
levels monitored carefully during amsacrine 
administration. It appears promising to 
conduct a prospective trial on amsacrine in 
combination with conventional-dose cyto
sine arabinoside and 6-thioguanine (TAA) 
or with high-dose cytosine arabinoside 
(HAA) in patients with AML who are 
considered for aggressive chemotherapy 
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but are not suitable for treatment with 
potentially cardiotoxic substances. 

Conclusions 

1. In high-risk AML patients with con
traindications for standard remission 
induction therapy, anthracyclines or 
mitoxantrone might be replaced by 
AMSA. 

2. AMSA in combination with convention
al or high-dose Ara-C appears to be 
effective for the treatment of first or 
second relapses following first-line ther
apy with standard regimen or AMSA 
combination therapy. In addition, it 
might be effective also in patients with 
primary nonresponse to standard treat
ment regimens. 

3. The toxicity of AMSA combination 
therapy focusses on (reversible) gas
trointestinal and hepatic side effects, 
whereas severe cardiotoxicity is to be 
expected only rarely. 

4. These data suggest that a prospective 
trial should be conducted in order to 
study AMSA in combination with con
ventional or high-dose Ara-C as stan
dard regimen for the treatment of AML 
in patients unsuitable for anthracycline 
or mitoxantrone therapy. 
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Treatment of High-Risk Relapsing or Refractory AML 
with M-AMSA and ID-ARAC 

M. Freund!, S. Giller!, F. Hinrichs2 , A. Baars2 , J. Meran!, A. Karfer!, H. Link!, 
and H. Poliwoda! 

Introduction 

The prognosis of patients with refractory or 
relapsing acute myeloid leukemia (AML) is 
poor. Easy to handle treatment regimens 
with high effectivity and tolerable toxicity 
are warranted. High-dose cytosine arabino
side (lID ara-C) is effective in relapsing or 
resistant AML [1-9]. However, doses of 
3000 mg/m2 ara-C are associated with sig
nificant mucositis, cutaneous, liver, and 
CNS toxicity. Pharmacological data indi
cate that intermediate doses of ara-C may 
be as effective as high doses [10]. The 
therapeutic effect of lID ara-C can be 
enhanced substantially by combination 
with anthracyclines [6, 11-17] but this may 
involve the risk of cumulative cardiotoxicity 
in heavily pretreated and elderly patients. 
The antineoplastic, DNA-topoisomerase 
II-reactive DNA intercalating acridine de
rivative 4' (9-acridinylamino) methanesul
fon-m-anisidine (m-AMSA) is active in 
AML [18-25]. M-AMSA may be combined 
with ara-C without a significant negative 
effect on ara-CTP accumulation, elimina
tion, or total intracellular exposure with 
ara-CTP [26]. As a single agent m-AMSA is 
as effective as HD ara-C [3]. In combination 
with conventional ara-C it is at least as 
effective as daunorubicin [27, 28]. Against 
this background we have studied a con
densed 5-day combination of m-AMSA and 
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intermediate-dose ara-C (ID ara-C) in a 
population of patients with high-risk 
AML. 

Patients and Methods 

Between January 1987 and January 1990, 22 
patients [15 male, 17 fernIe; median age, 
48.3 years (range 26-70 years)] with relaps
ing or refractory AML were enrolled. The 
study was approved by the ethics committee 
of the Hannover Medical School and 
informed consent was obtained from 
patients prior to admission to the study. The 
morphology of AML according to FAB [29, 
30] was as follows: 2 Ml, 8 M2, 9 M4, 2 M4 
Eo, 1 M5a. The pretreatment status of the 
patients was classified in six subgroups: 
1. patients resistant to two courses of 

aggressive chemotherapy, 
2. patients with no second complete remis

sion after one course of chemotherapy, 
3. patients with first relapse and less than 6 

months of preceding remission, 
4. patients with high-risk first relapses less 

than 6 months after lID ara-C consoli
dation or after autologous BMT, 

5. other patients with first relapse, and 
6. patients with second or following 

relapse 

The 5-day treatment consisted of ara-C 
1000 mg/m2 administered over 3 h twice 
daily in 250 ml glucose 5 % , and in 
m-AMSA 100 mg/m2 given over 1 h in 500 
ml glucose 5 % . A first course of consolida
tion with an identical course of ID ara-C 
and m-AMSA was given to six patients and 



a second one to three patients. There was no 
maintenance therapy. One patient had an 
allogeneic and another an autologous BMT 
in complete remission (CR). Both were 
censored by the time of the transplantation. 
The toxicity was quantified according to the 
WHO criteria [31]. Responses were eva
luated according to the criteria of the 
CALGB [32]. Durations of survival, granu
lopenia, and thrombopenia were calculated 
according to Kaplan and Meier [33]. 

Results 

Response to Therapy 

Twenty-four courses of ID ara-C and 
m-AMSA were administered for induction 
(one patient received three induction 
cycles). The overall treatment results are 
summarized in Table 1. The overall com
plete remission rate was 54 % with all CRs 

Table 1. Treatment results 

Status of refractoriness 

(1) Resistant to two courses of aggressive 
chemotherapy (1 pt. with secondary AML) 

(2) No second CR after one course of aggressive 
chemotherapy 

All resistant patients 

(3) Early first relapse « 6 rno) 
(1 pt. with secondary AML) 

(4) High-risk first relapse <6 rno after HD AraC 
consolidation or after autologous BMT 

(5) Other first relapses 

(6) Second or following relapse 

All relapsing patients 

All patients 

CI, 95 % confidence interval 
a Censored, allogeneic BMT in CR 
b Cebsored, autologous BMT in CR 

being entered after the first treatment 
course. In seven patients with resistant 
AML (subgroups 1 and 2), three complete 
remissions were obtained (43 % ). Nine out 
of 15 patients with relapsing AML achieved 
a complete remission (60 % ). The median 
remission duration was 9.0 months and the 
median survival 8.1 months with six 
patients being censored after a median time 
of 7.3 months (Fig. 1,2). 

Toxicity 

Toxic side effects are summarized in 
Tables 2 and 3. The main toxicity was hema
tologic. The median duration of granulope
nia below 500/[11 was 20 days and the 
duration of thrombopenia below 20000/[11 
28 days (Fig. 3,4). In patients entering a 
complete remission the durations were 15 
and 25 days respectively. Only few patients 
experienced severe infections or bleeding. 

N 

6 

1 

7 

6 

3 

2 

4 

15 

22 

Result 

3 CR (1, 1 +a, 32+ rno), 
1 PR, 2 NR 

1 PR 

3 CR (43% [CI: 35%-85%]) 
2 PR (28%) 
2 NR (28%) 

2 CR (6, 12 rno), 1 PR, 3 NR 

3 CR (4+ b , 5, 7 rno) 

1 CR (12 rno), 1 NR 

3 CR (2, 7+, 9 rno), 1 ED 

9 CR (60%; [CI: 10%-76%]) 
1 PR (7%) 
5 NR (33%) 

12 CR (54% [CI: 33%-76%]) 
3PR(14%) 
7 NR (32%) 
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Fig. 1. Remission duration (two patients are censored at 1 + and 4+ months because of allogeneic or 
autologous BMT) 
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Fig. 2. Total survival 
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Table 2. Toxicity in 24 induction cycles 

Toxicity (WHO) 0(%) 1 (%) 2 (%) 3 (%) 4 (%) 

Granulopenia 100 
Thrombopenia 100 
Bleeding 54 4 25 17 
Bilirubin 73 18 9 
Alkaline phosphatase 75 17 4 4 
GOT/GPT 46 21 25 8 
Nausea, vomiting 50 50 
Mucositis 67 8 8 4 13 
Diarrhea 25 25 25 25 
Creatinin 92 8 
Pulmonal 92 4 4 
Cutaneous 42 17 33 4 4 
Alopecia 100 
Local infection 33 17 50 
Sepsis 67 4 21 4 4 
FUO 33 8 46 13 
Cardiac rhythm 96 4 
Cardiac function 96 4 
Eye 92 4 4 
Cerebellar 100 

Table 3. Toxicity in nine consolidation cycles 

Toxicity (WHO) 0(%) 1 (%) 2 (%) 3 (%) 4 (%) 

Granulopenia 100 
Thrombopenia 100 
Bleeding 63 13 25 
Bilirubin 88 13 
Alkaline phosphatase 88 13 
GOT/GPT 50 13 25 13 
Nausea, vomiting 44 44 11 
Mucositis 88 13 
Diarrhea 63 25 13 
Creatinine 75 25 
Pulmonal 88 13 
Cutaneous 38 38 25 
Alopecia 100 
Local infection 78 11 11 
Sepsis 100 
FUO 22 33 44 
Cardiac rhythm 88 13 
Cardiac function 75 25 
Eye 89 11 
Cerebellar 100 
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Fig. 3. Duration of granulopenia in induction (patients are considered without respect to the result of 
the induction) 

0.9 

0.8 
II 

0.7 
,..... 
L-
ID 

~ 0.6 

~ 
c: 0.5 -
0 
0.. 
0 

~ 0.4 -
Cl. 

0.3 -

0.2 -

0.1 -

0 

I 

L Median: 28.0 
I I I 

0 20 40 60 

Fig. 4. Duration of thrombopenia in induction 

454 



There was one treatment-related hypoplas
tic death. Gastrointestinal side effects were 
seen in some patients with nausea, diar
rhea, and mucositis. Conjunctivitis was 
infrequent and usually mild. No cerebellar 
toxicity was experienced. There were simi
lar side effects in nine consolidation cycles 
with a median duration of granulopenia and 
thrombopenia of 22 and 23 days. 

Discussion 

Eight studies have been reported with high
dose or intermediate-dose ara-C and m
AMSA. A total of 310 patients have been 
treated for relapsing or refractory AML 
with a complete remission rate of51.9 %. In 
five studies high-dose ara-C was given up to 
6 days [34-38]. Three other studies were 
designed with ID ara-C for 6 days [39-41] 
with a total duration of treatment up to 7 
days. Comparing HD ara-C schedules with 
ID ara-C-containing regimens a favorable 
trend for the intermediate-dose treatment 
is obvious (CR rate 48.0 % vs. 59.1 %; p = 
0.052). 

In patients with high-risk relapsing or 
refractory AML 5-day m-AMSA and ID 
ara-C is very effective and has mild organ 
toxicity. The overall results are fully com
parable to previous results with high-dose 
ara-C and m-AMSA which showed that 
51. 9 % complete remissions were induced 
in resistant and relapsing AML [34-38]. 
The 5-day schedule has the same activity as 
longer-lasting schedules with intermediate
dose ara-C, which resulted in 40.0 % (CI, 
15 % -65 %) CR in resistant AML [39, 41] 
and in 65.8% (CI, 57%-75%) CR in 
relapsing AML [39-41]. The effect of 5-day 
m-AMSA and ID ara-C compares favorably 
with combinations of HD ara-C and anthra
cyclines [6, 11-17] or VP16 [42-44], which 
were reported to induce 50 % and 53.5 % 
complete remissions in 204 and 83 patients. 
We conclude that 5-day m-AMSA and 
intermediate-dose ara-C is a powerful 
induction therapy in relapsing or refractory 
AML. The toxic side effects are tolerable 
and the treatment is easy to handle. The 
schedule should be further evaluated in 
elderly and heavily pretreated patients. 

Summary 

Twenty-two patients with a median age of 
48.3 years (range, 26-70 years; 10 m, 12 f) 
were treated with m-AMSA 100 mg/m2 and 
ara-C 2 x 1000 mg/m2 i.v. day 1-5. There 
were 2 AML Ml, 8 M2, 9 M4, 2 M4 Eo, and 
1 M5a. Twenty-four cycles of therapy were 
given for induction. Twelve patients 
achieved a complete remission, three a 
partial remission and six did not respond. 
The median remission duration was 9.0 
months and the median overall survival 8.1 
months. Side effects of induction consisted 
mainly of hematologic toxicity and infec
tions with a median duration of WHO grade 
4 granulopenia and thrombopenia of 20 and 
28 days respectively. Organ toxicity was 
mild with mucositis, cutaneous and liver 
toxicity being experienced by only a few 
patients. There was one treatment-related 
death. Five-day m-AMSA and interme
diate-dose ara-C is an easy to handle con
densed treatment schedule with tolerable 
toxicity. Its effectivity in relapsed and 
refractory AML is comparable to combina
tions of high-dose ara-C with anthracyclines 
or etoposide. 
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Aclacinomycin A/Etoposide Combination Therapy for Advanced 
Relapsed Acute Myeloid Leukemia: A Phase II Study of the 
Arbeitsgemeinschaft Internistische Onkologie 

W Hiddemann l , K. Becker2 , A. Grote-Metke3 , R. Kuse\ A. Bartholomaus5, 
A. Reichle6 , I. Meuthen7, R. SchlagH, R. Fuchs9 , H. G. Fuhr lO , D. Leimerll , 

D. K. Hossfeld2 , and T. Buchner l 

Introduction 

In spite of the substantial advances in the 
chemotherapy of acute myeloid leukemia 
(AML) within recent years, the majority of 
patients still relapse with their disease and 
only 20 %-30 % of patients experience 
long-term disease-free survival [1, 2]. Pri
mary or secondary resistance of the leu
kemic blasts against the applied therapeutic 
agents is considered the main reason for the 
ultimate failure of antileukemic treatment. 
In order to overcome this resistance and in 
the search for more effective antileukemic 
agents, the German AML Cooperative 
Group has carried out several phase 1111 
studies in refractory AML during the last 10 
years. Besides the combination of AMSA 
and VP-16, a monotherapy trial with high
dose cytosine arabinoside (HD-AraC) and 
studies of HD-AraC combined with mito
xantrone were evaluated [3-5]. The appro
priate basis for these investigations is pro
vided by standardized regimens for first line 
and second line therapy which allow for a 
clear definition of refractoriness against 
conventional treatment modalities [6-9]. 
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of MUnsterl , Hamburg2, MUnehen reehts der 
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Among the aforementioned studies for the 
treatment of refractory AML, HD-AraC 
and mitoxantrone (HAM) proved to have 
the highest efficacy with a remission rate of 
53 % [3]. Hence, this combination was 
subsequently incorporated into first line 
treatment as part of the double induction 
strategy [7]. A timed sequential modifica
tion of HAM, S-HAM, is furthermore 
evaluated in a randomized multicenter trial 
in relapsed AML, addressing the question 
of high-dose versus intermediate-dose 
AraC in terms of efficacy and toxicity [10]. 
This regimen is currently the standard sal
vage protocol for relapsed cases. Patients 
not responding to S-HAM treatment or 
relapsing again after successful second line 
therapy could not be offered an additional 
alternative approach. Recently, however, 
Rowe and coworkers reported promising 
results with aclacinomycin A and etoposide 
in a similarly pretreated group of patients 
[11, 12]. Of 35 patients with advanced 
AML, 12 achieved a complete remission 
and two additional patients obtained a 
partial response. The median remission 
duration was 99 days. Besides well-known 
side effects of intensive antileukemic thera
py, a higher frequency of severe mucositis 
was observed. Considering the intensive 
prior therapy and the advanced disease 
status, these results suggest a high antileu
kemic activity of AciaNP-16. They are 
further supported by preceding single
agent studies indicating the efficacy of both 
agents in less heavily pretreated cases 
[13-17]. These data prompted us to eva-



luate the AclaIVP-16 combination in the 
German AML Cooperative Group in 
patients with advanced relapsed AML. 

Patients, Material and Methods 

The present study comprised 31 patients 
with heavily pretreated advanced AML at 
ages 20-71 years with a median age of 43 
years. Their pretreatment characteristics 
are outlined in Tables 1 and 2. All patients 
were recruited from the respective trials of 
the German AML Cooperative Group and 
had received a standardized first line treat
ment comprising double-induction therapy 
as initial therapy [6, 7] and sequential 
high-dose AraC and mitoxantrone (S
HAM) as the treatment of first relapse [10]. 
One additional patient was included with a 
relapse after autologous bone marrow 
transplantation. 

Prior to therapy all patients gave their 
informed consent after having been advised 
about the purpose and investigational na-

Table 1. Patient characteristics 

n 31 
Age 20-71 years 

(median 43) 
?!60 years 6 
Sex 
- Female 16 
-Male 15 

FAB subtypes 
M1 7 
M2 5 
M3 
M4 12 
M5 5 
M6 

Undifferentiated 2 

Table 2. Patient characteristics 

resistant 
first relapse 
second relapse 
>second relapse 
relapse after ABMT 

10 
18 
2 
1 

ture of the study as well as of potential 
risks. 

Therapy consisted of Acla 60 mg/m2 per 
day by a30-min infusion on days 1-5.VP-16 
was given immediately thereafter at a dose 
of 100 mg/m2 per day as a 30-min infusion 
also on days 1-5. 

Toxicity was quantitated according to the 
World Health Organization (WHO) grad
ing system. Evaluation of antileukemic effi
cacy was based on CALGB criteria. Com
plete remission was definded by the disap
pearance of leukemic blasts from the bone 
marrow and blood as well as from possible 
extramedullary sites and required the nor
malization of peripheral blood counts to 
thrombocytes > 1OOOOO/mm3 and granulo
cytes > 1500/mm3. The duration of critical 
cytopenia was evaluated by the time for 
granulocyte recovery to >500/mm3 and 
thrombocytes >20000/mm3 from the onset 
of treatment. 

Results 

Twenty-seven of the 31 patients were 
treated with one course of AclaIVP-16, four 
patients receied a second cycle of the same 
regimen. 

Nonhematologic Toxicity 

A summary of the nonhematologic side 
effects is given in Table 3. Nausea and 
vomiting, mucositis and liver enzyme eleva
tions were the most frequent side effects. In 

Table 3. Side effects 

WHO IIII WHO IIIIIV 

Nausea/vomiting 19 (54%) 9 (26%) 
Mucositis 12 (34%) 18(51%) 
Hepatic 22 (63%) 4 (11 %) 
Diarrhea 17 (49%) 6 (17%) 
Cardiac 7 (20%) 
Skin 6 (17%) 3 ( 9%) 
CNS 1 ( 3%) 
Renal 4 (11 %) 1 ( 3%) 

Infection 12 (34%) 18(51%) 

35 cources = 100 % 
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addition, severe infections were observed 
during 51 % of treatment cycles. 

Hematologic Effects 
and Antileukemic Efficacy 

Ten patients (32 %) achieved a complete 
remission, and another three patients 
achieved a partial remission with a normal
ization of peripheral blood counts but a 
residual leukemic subpopulation in the 
bone marrow of 15 %-18 % blasts, respec
tively. In ten patients (32 %) the leukemic 
blasts persisted or recovered after bone 
marrow aplasia; they were therefore consid
ered nonresponders. Eight patients (26 %) 
died during the treatment-induced phase of 
aplasia (early deaths). 

In patients achieving a CR or PR the 
median time to the recovery of granulocyte 
counts >500/mm' and thrombocyte counts 
>20000/mm' was 23 days (15-35 days), the 
median time to remission being 32 days 
(21-44 days). Of the 13 patients in CR or 
PR, 3 were subsequently transplanted, one 
of them relapsing immediately thereafter. 
Five additional patients relapsed after 1-10 
months, respectively, and five patients are 
in ongoing remission at 1 +-6+ months. 

Discussion 

In refractory and relapsed acute leukemias 
clinical phase 1111 studies are performed not 
only as salvage therapy for patients with 
advanced disease but also in the search for 
new agents or drug combinations with sig
nificant antileukemic activity that might 
subsequently be incorporated into first line 
treatment for more effective initial therapy. 
In order to facilitate the comparability of 
clinical phase 1111 studies in AML and to 
judge the efficacy of various combinations 
on the basis of comparable prerequisites, 
criteria for the definition of refractoriness 
against concentional chemotherapy were 
identified by the German AML Coopera
tive Group [8" 9] and provided the basis for 
several subsequent clinical phase I and II 
trials [3-5]. The current protocol of 
AcclaNP-16 was restricted to a heavily 
pretreated group of patients with AML at 
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advanced relapse. All patients had relapsed 
after standardized first line treatment and 
had failed on or relapsed after a uniform 
salvage regimen at first relapse comprising 
HD-AraC and mitoxantrone [10]. The 
observed response rate of ten complete 
remissions and three partial remissions in 
this highly unfavorable group of patients 
indicates a significant antileukemic activity 
of Acla/VP-16 and suggests a lack of cross
resistance to the previously applied agents. 
In our opinion, the observed high rate of 
early deaths' is not a reflection of a high 
toxicity of the two-drug combination but 
rather of the advanced disease status at 
which patients were entered on this proto
col. The distribution and frequency of over
all side effects were not different from other 
intensive regimens except for a higher fre
quency of severe mucositis and reversible 
bluish changes in skin color which were 
more irritating than truly disturbing. 

The current data are comparable to pre
vious reports about the two-drug combina
tion in less intensively pretreated patients 
[11, 12] and also confirm the previously 
observed spectrum of side effects. 

In summary, the preliminary data of the 
present study indicate a significant antileu
kemic activity of AclaNP-16 in heavily 
pretreated patients with advanced relapsed 
AML and encourage the continuing appli
cation of this combination to substantiate 
the observed findings. 

Summary 

In a clinical phase II study aclacinomycin A 
(Acla) and etoposide (VP-16) were given in 
combination to 31 patients with acute my
eloid leukemia (AML) in advanced relapse. 
All patients had received a standardized 
first line and second line treatment and 
were in refractory first relapse (n=lO), 
second, third or fourth relapse (n=20) or in 
relapse after bone marrow transplantation 
(n = 1). Therapy consisted of Acla 60 mg/m2 
per day and VP-16 100 mg/m2 per day both 
given from days 1 to 5. Complete remission 
(CR) was achieved in ten patients (32 %), 
and three patients achieved partial remis
sion (PR) (10 %). Ten patients did not 
respond (32 %) and eight patients died 



within 6 weeks after the onset of treatment 
(26 %) and were considered as early deaths. 
Toxicity consisted mainly of nausea and 
vomiting, mucositis, severe infections, and 
liver enzyme elevations. Recovery of blood 
counts occurred at a median of 23 days; the 
median time to CR or PR was 32 days. 
These data indicate a significant antileu
kemic activity of AclaNP-16 in heavily 
pretreated patients with advanced relapsed 
AML and encourage the continuing appli
cation of the two-drug combination to 
substantiate these preliminary findings. 
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Therapeutic Choices Influencing Duration of Complete 
Remission in Acute Myelogenous Leukemia 

G. Lambertenghi-Deliliers, C. Annaloro, A. Oriani, R. Mozzana, and E. E. Polli 

Introdnction 

Complete remission (CR) can be achieved 
in up to 80 % of all adults with acute 
myelogenous leukemia (AML) [1, 2]. How
ever, the majority of available studies agree 
that the relapse rate in patients stopping 
therapy soon after achieving CR is nearly 
100 % , and that maximum disease-free sur
vival (DFS) does not exceed 1 year [3, 4]. 

In the effort to reduce residual leukemic 
population several postremission strategies 
have been designed at different times. 
Conventional consolidation includes the 
delivery of one or more cycles of about the 
same doses of the same drugs used during 
induction, which mayor may not be fol
lowed by long-term maintenance [4]. This 
approach has led to a significant prolonga
tion of DFS and an increase in the rate of 
long-term survivors to 20 % [5]. 

An alternative option is the development 
of intensive postremission schedules along 
two main lines: the use of either non
cross-resistant myelosuppressive drugs or 
high-dose (HD) chemotherapy. The real 
usefulness of the first strategy is still con
troversial and largely depends on the inves
tigated drugs used; the most promising 
results have come from the introduction of 
VP-16 [6]. 

In several comparative, though generally 
nonrandomized, studies, HD cytosine ara
binoside (Ara-C) significantly increased the 
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percentage of patients in long-term contin
uous CR [7, 8]. 

The precise role of HD chemotherapy 
followed by either allogeneic or autologous 
bone marrow transplantation (BMT) is not 
easy to understand because of the difficulty 
in satisfactorily designing prospective ran
domized trials [9]. More consistent long
term data favor allogeneic BMT [10], but 
this procedure can be used in only a minor
ity of patients. Controversy still exists con
cerning the real effectiveness of autologous 
BMT (ABMT) in prolonging DFS and this 
debate is made more complicated by the 
number of variables involved in performing 
an optimal ABMT [11, 12]. 

The present report deals with the long
term results of an adult AML protocol 
including idarubicin (IDA) in the induction 
and consolidation phases and intensive 
postremission chemotherapy followed by 
ABMT in nonrandomized, selected pa
tients. 

Materials and Methods 

From April 1986 to January 1990, 49 con
secutive hospitalized patients with pre
viously untreated AML entered this study. 
Their essential characteristics are listed in 
Table 1. 

All patients received a course of IDA 12 
mg/m2 i.v. daily for three consecutive days, 
followed by a I-h i.v. infusion of Ara-C 120 
mg/m2 every 12 h on days 4-10. No further 
induction therapy was given when the myel
ogram showed CR, although patients show
ing more than 5 % of residual blasts 



Table 1. Patient characteristics 

No. of patients 
Age (years) median: 
M/F 

WBC median: 
Hb median: 
Pits median: 

WBC >50000 

FAB: MO 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 

received a second induction course of IDA 
and Ara-C. Patients were considered resis
tant if, after two courses, there was an 
inadequate clearance of bone marrow leu
kemic cells, a regrowth of marrow blasts 
after recovery from aplasia, or if CR lasted 
less than 1 month. 

For patients achieving CR, a consolida
tion program was used which consisted of 
two courses of IDA (8 mg/m2 per day i.v. for 
two consecutive days) and Ara-C (150 
mg/m2 subcutaneously every 12 h for 5 days) 
alternately administered with two courses 
of VP-16 (150 mg/m2 per day i.v. for three 
consecutive days) and Ara-C (as above). 

Late intensification treatment with HD 
Ara-C or BMT (allogeneic or ABMT) was 
given depending on the patient's age (under 
or over 50 years) and availability of an 
HLA-compatible donor. DFS curves were 
calculated according to the life table 
method and compared by means of Wilcox
on's test. 

Results 

The outcome of induction therapy is shown 
in Table 2: 41 of the 49 patients (83.6 %) 
attained CR, 7 of them requiring two 
courses of therapy. Three patients died of 
sepsis in the aplastic period without any 
bone marrow evidence of leukemia. The 
remaining five patients were classified as 

49 
44 range: 16-64 

31/18 

8800 range: 800-138000 
9.7 range: 5-14.9 

51000 range: 10-417000 
6 

3 
13 
14 
6 
4 
7 
1 
1 

Table 2. Outcome of induction therapy 

Induction Pts. % 

Evaluable 49 100 
CR 41 83.7 

After one course 34 82.9 
After two courses 7 17.1 

Resistant 5 10.2 
Early death 3 6.1 

Post- (Max. follow-up = 54 months) 
remission 

Pts in CCR 19 46.3 
Deaths in CR 4 9.8 
Relapse 18 43.9 
(median = 8 
months) 

resistant because of blastic regrowth after 
recovery from aplasia. 

As of November 1990,19 (46.3 %) of the 
41 patients who achieved CR were still in 
CR after a follow up of 10-54 months, 18 
(43.9 %) had relapsed after a median of 8 
months (range 3-27 months) and 4 (9.8 %) 
had died of causes unrelated to leukemia (3 
during consolidation and 1 during the late 
intensification phase). 

As shown in Fig. 1, the median DFS of all 
41 patients who achieved CR is now 26 
months (curve A). The median duration of 
CR is longer in the 34 patients in CR after 
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Fig. 1. Disease-free survival curve of 41 adult AML patients: curve A, all patients; curve B, 34 patients 
achieving CR after 1 course; curve C. 7 patients achieving CR after 2 courses 

one induction course: 27 (curve B) versus 14 
(curve C) months, while 4-year DFS 
chances are 49.3 % and 25 % respectively. 

Eight patients received ABMT as late 
intensification after 7-14 months of CR 
(median 11 months). One of them relapsed 
after a DFS of 17 months; seven are still in 
first CR after a follow-up of 14-49 
months. 

When the patients are considered in 
terms of the late intensification regimen, 
there is a favorable trend for ABMT, with 
median DFS not reached after 48 months 
and a 4-year DFS chance of 87.5 %. The 
median DFS of the patients not submitted 
to autografting is 25 months. If only the 
patients of this last group, with at least 11 
months in CR, are considered, the 4-year 
DFS chance is 51.9 % although the median 
has not yet been reached after 48 
months. 

Discussiou 

The results of this single-institution study 
are encouraging in terms of both CR rate 
and DFS [1, 2]. Our data confirm the 
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primary role of the induction phase in 
determining the CR rate and the duration 
of DFS [13]. IDA improved the quality of 
response by increasing the speed of cytore
duction, as testified by the high rate of CR 
achieved after only one course [14]. The 
analysis of DFS highlights the fact that 
induction with IDA delayed the occurrence 
of relapse, since the duration of CR was 
much longer in patients who achieved it 
after only one induction cycle. 

In the consolidation phase, we selected 
the approach of adding VP-16, as the most 
promising non-cross-resistant, nonintercal
ating drug [6, 15]. The rate of therapy
related deaths could thus be minimized, 
although perhaps at the expense of some 
early relapse. 

High-dose chemotherapy was employed 
in the late intensification phase and the 
cases subsequently receiving ABMT de
served their better survival. However, no 
clear-cut conclusions can be drawn since 
there was no randomization, the patients 
amenable to ABMT were younger and 
some eligible patients were discarded 
because of early relapse. Difficulties in 
properly designing the control group are 



shared by most of the clinical trials but, 
nevertheless, the best results are generaIly 
reported when ABMT is performed late 
after CR [10, 12]. As a trend favoring 
ABMT persists after the exclusion of cases 
relapsing within 1 year, it could be cautious
ly inferred, also from our data, that ABMT 
exerts an effective influence in prolonging 
DFS and that late intensification is perhaps 
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Intensive Antileukemic Treatment for Advanced Primary 
Myelodysplastic Syndromes: Analysis of 30 Patients 

V. Runde, C. Aul, A. Heyll, and W. Schneider 

Introduction 

Myelodysplastic syndromes (MOS) are 
clonal malignant bone marrow disorders, 
characterized by both quantitative and 
qualitative defects of all hematopoietic cell 
lines. In the majority of cases, they have a 
fatal course within months to years owing to 
infections, hemorrhages or transition to 
acute myeloid leukemia (AML). Prognosis 
is particularly poor in patients with re
fractory anemia with excess of blasts 
(RAEB), RAEB in transformation 
(RAEB/T) and chronic myelomonocytic 
leukemia (CMML) who, according to 
recent studies, have a median survival of 
only 4.5 - 18 months [1-3]. 

With the possible exception of bone 
marrow transplantation in younger patients 
[4], no treatment modality is known that 
can clearly alter the natural course of MOS. 
Despite favorable results in some patients, 
treatment with immunosuppressive drugs, 
androgens, inducers of myeloid differentia
tion, interferons or low-dose chemotherapy 
is generally not effective in these disorders 
[5-8]. The role of hematopoietic growth 
factors (e.g., GM-CSF, G-CSF, Multi-CSF) 
which may lead to an improvement of 
peripheral blood cytopenias has not been 
fully examined [9]. Aggressive chemother
apy has yielded conflicting results in MDS. 
Based on earlier reports [10], this approach 
has been regarded as ineffective or even 
dangerous because of the risk of severe and 
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prolonged bone marrow aplasia. Further
more, the low remission rates obtained in 
MDS have been explained by a reduced 
responsiveness of the preleukemic cell 
clone to chemotherapy, and/or by the sup
pression or absence of normal progenitor 
cells required for regeneration of hemato
poiesis. Armitage et al. [11], however, 
presented data according to which younger 
patients might respond more favorably to 
intensive chemotherapeutic protocols. En
couraging results have also been found in 
other studies usually involving small groups 
of patients [12, 13]. To evaluate the chances 
of aggressive induction chemotherapy in 
preleukemia, we treated a total of 30 
patients in advanced stages of MDS 
(RAEB, RAEB/T and MDS/AML) with 
standard AML protocols. We also describe 
the clinical course of four patients who 
underwent bone marrow transplantation 
after achievement of complete remission. 

Patients and Methods 

Patients 

From April 1981 to November 1990, 30 
patients (18 male, 12 female) with an initial 
diagnosis of MOS were treated with aggres
sive combination chemotherapy. Their me
dian age was 54 years (range, 17-64 years). 
In none of the cases was there a past history 
of myelotoxic chemotherapy and/or radia
tion. MDS was classified according to 
French-American-British (FAB) criteria. 
The median time from diagnosis to initia
tion of aggressive chemotherapy was 1 



Table 1. Clinical and hematological features of 30 patients with advanced MDS treated with 
aggressive chemotherapy 

Morphological 
diagnosis 

Age (years) 
WBC (x lOY/I) 
Platelets (x lOY/I) 

MDS n 

RAEB 1 
RAEBIT 14 

53 (17-64)" 
3.3 (0.8-21.6)' 
80 (9-196)" 

MDS/AML n 

Ml 4 
M2 6 
M4 3 
M 5 1 
M6 1 

54 (32-64)' 
6.6 (0.6-310)" 
40 (7-143)" 

Presence of Auer rods 

Normal karyotype 

6 (40%) 

417 

4 (27%) 

6/6 
Single abnormalities 
Multiple abnormalities 

Previous treatment with low
dose Ara-C 

" Median (range) 

month (Range, 0-21 months). FAB catego
ries at the start of treatment were RAEB in 
1 and RAEB/T in 14 cases. Fifteen patients 
had already transformed to overt AML 
(MDS/AML). The clinical and hematologi
cal features of the patients are shown in 
Table 1. Bone marrow cytogenetic analysis 
was performed in 13 patients of whom 10 
had a normal karyotype, 1 a single chromo
somal aberration and 2 multiple chromoso
mal abnormalities. The Karnofsky score 
ranged from 60 % to 90 % (median, 80 %). 
Six patients had previously been treated 
with low-dose cytosine arabinoside (Ara
C). Three patients achieved a short-lived 
remission (range, 6-11 months), whereas 
the others were refractory to low-dose 
Ara-C. 

117 
217 

5 

Treatment Regimens 

Chemotherapeutic protocols used for re
mission induction are shown in Table 2. 
Twenty-eight patients were treated with a 
single induction course (TAD-9). In addi
tion, one patient received a double induc
tion regimen in which the initial TAD-9 
cycle was followed on day 21 by a second 
TAD-9 course (TAD-9/TAD-9). In another 
patient treated with double induction the 
second part of the protocol consisted of a 
combination of high-dose Ara-C and mito
xantrone (TAD-9/HAM). Complete remis
sion (CR) and partial remission (PR) were 
defined according to the CALGB criteria. 
In general, postremission chemotherapy 
included consolidation (TAD-9) and regu-

Table 2. Chemotherapeutic protocols used for remission induction 

TAD-9 

HAM 

Ara-C 100 mg/m2 
Ara-C 100 mg/m2 
Thioguanine 100 mg/m2 
Daunorubicin 60 mg/m2 

Ara-C 3000 mg/m2 
Mitoxantrone 10 mg/m2 

c.i.v., continuous intravenous infusion; Ara-C, cytosine arabinoside 

c.i.v. 
i.v.2x/d 
p.o.2x/d 
i.v. lx/d 

i.v.2x/d 
i.v. lx/d 

day 1 +2 
day 3-8 
day 3-9 
day 3-5 

day 1-3 
day 3-5 
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Table 3. Results of intensive chemotherapy in 30 patients with advanced MDS 

MDS (n = 15) MDS/AML (n = 15) 

TAD-9 
TAD-9/HAM 
TAD-9/TAD-9 

Aplasia period after 

14 
o 
1 

14 
1 
o 

TAD-9 in patients entering CR (days) 17 (6-39)a 19 (14-21)" 

Responses 
CR after first course 
CR after second course 
PR 
NR 
ED 

BMT 

13115 
012 
0115 
2/15 
0115 

Autologous in first CR 1 
Allogeneic in first CR 2 
Allogeneic in second CR (MUD) 1 

6/15 
114 
2/15 
4/15 
2/15 

CR, complete remission: PRo partial remission: NR. no response: ED. early death: BMT, bone 
marrow transplantation: MUD. matched unrelated donor 
a Median (range) 

lar maintenance chemotherapy, as recom
mended by the German AML Study Group 
[14]. Two patients in first CR received an 
allogeneic bone marrow graft from a histo
compatible sibling, one patient in first CR 
received an autologous bone marrow graft, 
and one patient was transplanted in second 
CR with a bone marrow graft from a 
matched unrelated donor. 

Results 

Induction Chemotherapy 

The results of induction chemotherapy are 
shown in Table 3. Seventeen (61 %) out of 
28 patients treated with TAD-9 entered CR. 
Early death from infection occurred in two 
cases. One patient with a partial response 
entered CR after a second cycle of TAD-9. 
Five out of six patients refractory to the 
initial TAD-9 treatment received a second 
course of induction chemotherapy, either 
with TAD-9 (three patients) or HAM (two 
patients). None of these cases entered 
remission. One patient not responding to 
two cycles of TAD-9 received a modified 
HAM protocol (sequential HAM) without 
achieving CR. Both patients receiving a 
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double induction protocol (TAD-9/TAD-9 
or TAD-9/HAM) as primary treatment of 
MDS entered CR. 

The following pretreatment characteris
tics appeared to be related to the outcome 
of chemotherapy: (1) the percentage of 
marrow blast cells, as suggested by a higher 
CR rate in patients with RAEB or RAEBIT 
(87 %) than in patients with overt AML 
(47 % ), (2) the presence of Auer rods which 
could be demonstrated in 40 % of the 
complete responders as compared to 20 % 
of nonresponding patients, and (3) the age 
of patients (Table 4). 

No unusual toxicities of induction che
motherapy were noted. Twenty-seven of 30 
induction cycles were complicated by epi
sodes of fever (> 38.5 0c) necessitating sys
temic antiobiotic therpy. Microorganisms 
found in blood cultures or bronchoalveolar 
lavage material included gram-positive coc-

Table 4. Complete remission rates according to 
age and morphological diagnosis 

MDS 
MDS/AML 

<45 years 

515 (100%) 
2/3 (67%) 

;:::45 years 

8/10 (80%) 
5/12 (42 %) 



ci in four, gram-negative bacilli in three, 
Mycobacterium tuberculosis in one, and 
Candida or Aspergillus species in two 
patients. One patient developed life-threa
tening pseudomembranous enterocolitis 
while being treated with broad-spectrum 
antibiotics because of fever of unknown 
origin. The median duration of bone mar
row aplasia (leukocytes < 1.0 x 109/1 and/or 
platelets < 20 x 109/1) for patients achieving 
CR after one cycle of TAD-9 was 18 days 
(range, 6-39 days). Not surprisingly, 
patients treated with a double induction 
protocol experienced much longer periods 
of bone marrow aplasia (27 and 51 days, 
respectively) . 

Postremission Treatment 

After induction of CR, 11 of 20 patients 
received consolidation (TAD-9) and regu
lar maintenance chemotherapy according 
to the recommendations of the German 
AML Study Group (14). Meanwhile, ten 
patients have relapsed (median follow-up, 
24 months). The median duration of com
plete remissions in this subgroup of patients 
was l3 months (range, 5+ -41 months). 
Patients not receiving postremission treat
ment had a poor prognosis with a median 
remission duration of only 2 months. It 
should be noted that three out of nine 
patients retreated with aggressive chemo
therapy at the time of relapse entered a 
second remission which lasted between 2 
and 4 months. For the entire group of 
patients, the median survival after the onset 
of chemotherapy was 16 months, and at the 
time of writing five patients are still alive. 

Four patients in first and second remis
sion, respectively, were treated with various 
forms of bone marrow grafts. Of these, 
three are in continuous CR 6, 8 and 23 
months after BMT with a Karnofsky score 
of 100 %, while one patient succumbed to 
infectious complications (cerebral toxo
plasmosis) in the posttransplant period (10 
months after BMT). The age of these 
patients varied from 21 to 43 years. Up to 
now, the longest remission (23 months) is 
observed in a patient who received an 
unpurged autologous marrow graft 4 
months after achievement of CR. 

Discussion 

As shown by a number of studies, prognosis 
of MDS primarily depends on the bone 
marrow blast cell count at the time of 
diagnosis. Median survival for these disord
ers progressively shortens from over 30 
months in RA to 11 months in RAEB and 5 
months in RAEB/T. At present, no treat
ment modality is known that can clearly 
alter the natural course of MDS. 

Aggressive chemotherapy as used in de 
novo AML is usually not recommended for 
patients with MDS. Such reluctance stems 
from earlier studies according to which 
these patients have a low probability of 
entering remission, but often succumb to 
complications of chemotherapy-induced 
bone marrow aplasia [10, 15]. In selected 
patients, however, intensive chemothera
peutic protocols have been shown to pro
duce CR rates of up to 50 % [12]. The 
clinical relevance of this approach becomes 
even more important because MDS is not 
just a disease of the elderly, but is increas
ingly diagnosed in younger patients who can 
be expected to tolerate the side effects of 
more intense treatment [16]. 

In this study, 30 patients with advanced 
primary MDS (RAEB, RAEB/T, and 
MDS/AML) were treated with standard 
AML protocols. In contrast to other series 
[11], all but two patients received an iden
tical induction protocol, including cytosine 
arabinoside and daunorubicin. In the over
all population, the complete remission rate 
was 67 %. Response to chemotherapy was 
particularly good (87 %) in patients with 
RAEB and RAEBIT, whereas patients 
already transformed to overt leukemia had 
a much lower CR tate (47 % ). It may, 
therefore, be assumed that with progression 
of MDS to acute leukemia the chances for 
successful remission induction decrease. 
Other pretreatment characteristics that 
appeared to influence the remission proba
bility in our study were the presence of 
Auer rods as well as the age of patients. In 
addition, other authors have emphasized 
the prognostic importance of cytogenetic 
findings. In the study by Fenaux et a1. [17], 
for example, patients with a normal karyo
type had both higher CR rates and longer 
remissions than patients with chromosomal 
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abnormalities. Bloomfield, who recently 
performed a metaanalysis on 73 intensively 
treated patients with secondary MDS or 
AML, also observed a close relationship 
between cytogenetic findings and outcome 
of chemotherapy. Remission rates were 
particularly poor in patients with abnormal
ities of chromosome 5 (13 %), whereas 43 % 
of patients with a normal karyotype 
achieved CR [18]. In our study, the number 
of patients analyzed was too small to draw 
any firm conclusions on the prognostic role 
of cytogenetics. 

Primary drug resistance of the preleu
kemic cell clone, as suspected by many 
authors [19], was not a major problem in our 
series. Only 6 (20 % ) of the 30 patients had 
refractory disease, and except for 1 patient 
with MDS/AML all complete remissions 
were obtained after a single induction 
course. It should also be emphasized that in 
most patients induction chemotherapy was 
well tolerated. Much in contrast to other 
studies in which treatment-related mortali
ty was as high as 35 % [17], we observed only 
two cases of early death (7 %). We surmise 
that differences in patient numbers, inclu
sion criteria, timing and design of chemo
therapy as well as supportive measures 
account for the variant clinical results of 
aggressive chemotherapy in MDS. 

Our study further demonstrates that the 
duration of hematological remissions in 
MDS is generally short. Only two patients 
in our series survived more than 2 years 
without relapse of their disease. Adminis
tration of consolidation and maintenance 
chemotherapy appeared to have a benefi
cial effect on the remission lenght. Howev
er, even in this subgroup of patients overall 
results were much worse than those 
reported for patients with de novo AML 
[14]. With rare exceptions [13, 20] other 
authors have reported similar discouraging 
results, suggesting that cure of MDS by 
conventional chemotherapy is hardly 
achievable. 

In selected patients, bone marrow trans
plantation may be a more promising 
approach to treatment of MDS. In our 
series four younger patients were trans
planted in first and second remission, re
spectively. At present, three patients are 
alive without recurrence of MDS 6-23 
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months after transplantation. Appelbaum 
et al. [21] have recently analyzed their 
results of allogeneic BMT in a consecutive 
series of 59 patients with MDS or closely 
related bone marrow disorders (aplastic 
anemia with clonal cytogenetic abnormali
ties). They found a disease-free survival of 
45 % 3 years from transplant. Although 
younger patients with a low medullary blast 
cell count at the time of BMTwere shown to 
have the best disease-free survival, long
term remissions were also observed in two 
of four patients over the age of 50 years. 
From their data, Appelbaum et al. [21] 
concluded that patients up to an age of 55 
years should be considered candidates for 
allogeneic BMT, supposing their perfor
mance status is adequate and a histocompa
tible donor is available. 
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Treatment of Relapsed or Refractory Adult Acute Lymphocytic 
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M. Planker1o , W. QueiBer ll , C. Schadeck-GresseI 12 , N. Schmitz U , U. von Verschuer9 , 

S. Wilhelm 14, and D. Hoelzer2 

Introduction 

The primary treatment of acute lympho
cytic leukemia (ALL) has been considera
bly improved. In the first German multi
center study, 01/81 complete remissions 
have been induced in 272 of 368 patients 
(73.9 %), and in the second study 02/84 in 
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350 of 442 (79.2 %) [1]. Though 35 % of the 
patients remain disease free after 7.5 years 
in the first study and 48 % after 3 years in 
the second, relapsing and refractory disease 
is still the most prevalent problem in ALL. 
The development of effective salvage ther
apies is warranted. Against this background 
the German Multicenter ALL Study 
Group has evaluated an intensive protocol 
for patients with relapsed or refractory 
ALL. 

Patients and Methods 

Between May 1986 and June 1990 66 
patients with relapsing or refractory ALL 
(49 male, l7 female) with a mean age of 
30.2 years (range 16-62 years) were 
enrolled in 16 centersl. All patients were 
pretreated with the BMFT regimen. The 
study was conducted in accordance with the 
Helsinki declaration and was reviewed and 
approved by the ethical committee of the 
Hannover Medical School. Informed con
sent was obtained prior to admission. 
Patients with severe concomitant diseases, 
without response to platelet transfusions 
and with severe unmanageable complica
tions of leukemia, were not admitted. Forty 
patients had cALL, 21 t-ALL, 3 O-ALL, 
and in 2 information on immunotyping was 
missing. 

Induction phase I consisted of predni
sone (60 mg/m2 p.o. day 1-21), vindesine (3 
mg/m2 i.v. day 1, 8, 15), daunorubicin (45 
mg/m2 i.v. days 1, 8, 15), erwinia asparagi
nase (10000 U/m2 i.v. day 7,8,14, 15), and 
MTX i.t. (15 mg day 1, 8). In patients with 



no detectable remaining blastic infiltration 
hemopoietic recovery was allowed before 
the start of the second induction phase. 
Patients with remaining blastic infiltration 
were started with phase II of induction after 
recovery from organ toxicity and after sta
bilization of the clinical status. Phase II of 
induction consisted of high-dose cytarabine 
(3000 mg/m2 3 h infusion twice daily day 
1-4), and etoposide (100 mg/m2 i.v. day 
1-5). In patients over 50 years of age 
intermediate-dose cytarabine was given 
(1000 mg/m2 twice daily day 1-5). 

After complete remission patients were 
assigned to two different consolidation 
regimens. Consolidation A consisted of 
dexamethasone 3 x 5 mg/m2 p.o. day 1-5, 
MTX 1 500 mg/m2 infusion 1 h day 1, 
teniposide 80 mg/m2 i.v. day 1-3, cytarabine 
300 mg/m2 i.v. day 1-3, and folinic acid 15 
mg/m2 p.o. 6 h day 2-4. In consolidation B 
ifosfamide 5000 mg/m2 infusion 24 h day 1 
with mesna and vindesine (3 mg/m2 i.v. day 
2) was given. 15 milligrams MTX was injected 
i. t. on day 1 of consolidation A and B. 

Evaluations with physical examination, 
standard laboratory tests, and bone marrow 
aspirations were done early after induction 
phase I, prior to phase II, after phase II and 
prior to every consolidation chemotherapy. 
Toxicities were evaluated according to 
WHO criteria [2] and responses according 
to the criteria of the CALGB [3]. Survival 
analyses were done according to Kaplan 
and Meier [4] and statistical significance 
was calculated by the chi-square test and 
the Mantel Cox log rank test. Patients with 
bone marrow transplantation were cen
sored for calculated disease-free survival 
and overall survival. Multivariate analysis 

Table 1. Status of treatment 

was performed by the Cox model (BMDP 
statistical package). 

Results 

Sixty-six patients have been treated. Of 
these 54 had their first relapse. Four 
patients had no complete remission after 
primary BMFT induction phases I and II, 
four had a second relapse, two had a relapse 
after autologous BMT, and one each after 
allogeneic and syngeneic BMT. 

Treatment and Side Effects 

Sixty-six courses of induction phase I, and 
47 courses of induction phase II were given. 
In complete remission 4 courses of consoli
dation A, and 8 courses of consolidation B 
were given to 11 patients (for a detailed 
information on the treatment status see 
table 1). The number of treatment courses 
evaluable for toxicity was 57/66 and 37/47 
for induction phases I and II and 114, resp. 
3/8 in consolidation A and B. Side effects of 
induction phase I consisted of hematotoxic
ity with subsequent infections and gastroin
testinal toxicity. Details are given in table 2. 
The median duration of granulopenia grade 
4 WHO was 16 days. Thrombopenia grade 4 
WHO was encountered by 50 % of the 
patients. In induction phase II some 
patients experienced additional cutaneous, 
ocular, and hepatic toxicity (table 3). Gran
ulopenia grade 4 WHO lasted for a median 
of 15 days and thrombopenia for a median 
of 11 days. The toxicity of the consolidation 
regimen was generally mild. 

Ongoing Discon- Reasons for discontinuation 
tinued 

BMT 

Induction 1 2 17 3 
Induction 2 2 36 10 
Consolidation 1 2 4 1 
Consolidation 2 3 

Totals 9 57 14 

Side 
effects 

4 
2 

6 

Death 

5 
1 

6 

Refracto- Relapse Others 
ry 

14 

14 

1 
7 
3 

11 

4 
2 

4 
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Table 2. Toxicity in 57 cycles of induction phase I 

WHO Grade 0 Grade 1 
n % n % 

Granulopenia 2 4 1 2 
Thrombopenia 6 11 3 5 
Bleeding 38 68 8 14 
Bilirubin 34 60 20 35 
Alkaline ph os- 46 81 7 12 
phatase 
GOT/GPT 21 37 14 25 
Nausea, 27 47 16 28 
vomiting 
Mucositis 36 64 7 13 
Diarrhea 47 84 5 9 
Creatinine 54 95 2 4 
Pulmonal 52 91 3 5 
Drug fever 54 95 1 2 
Cutaneous 55 96 1 2 
Alopecia 12 22 6 11 
Local infection 43 75 4 7 
Sepsis 49 86 1 2 
FUO 53 93 
Cardiac rhythm 48 87 4 7 
Cardiac function 55 96 
Peripheral 48 84 7 12 
neuropenia 
Constipation 51 89 4 7 

Thirty-four (63 %) of 54 patients in first 
relapse achieved a CR (25 after phase 1, and 
9 after phase 2 of induction). Two patients 
had a partial remission, and 13 patients did 
not respond. Five died during therapy or in 
aplasia: two with sepsis, one with candida 
pneumonia, and two with bleeding. The 
median duration of disease-free survival 
(DFS) was 2.9 months (Fig. 1) and the 
median overall survival (OAS) 6.6 months 
(Fig. 2). The CR rate was superior in 
patients with c-All compared to those with 
t-ALL (70 % vs. 47 %, statistically not 
significant), and in patients with a preced
ing CR of more than 18 months versus those 
with a shorter preceding remission (81 % 
vs. 46%, p <0.01) (see table 4). The 
duration of survival and disease-free survi
val was not significantly different for 
patients with c-All and t-All though there 
was more early mortality in patients with 
t-All. Patients with a preceding remission of 
less than 18 months had an inferior overall 
survival (Fig. 3) compared to those with 
longer preceding remissions. A multivar-
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Grade 2 Grade 3 Grade 4 
n % n % n % 

4 7 48 87 
7 13 12 21 28 50 
7 13 1 2 2 4 
3 5 
4 7 

13 23 5 9 4 7 
7 12 6 11 1 2 

5 9 8 14 
4 7 
1 2 
1 2 1 2 
2 4 

1 2 
20 37 16 30 
5 9 4 7 1 2 
2 4 4 7 1 2 
4 7 
3 5 
2 4 
2 4 

2 4 

iate analysis for survival was done in the 
patients with first relapse including sex, risk 
factor at initial diagnos age, duration of 
preceding CR, WBC at relapse, and immu
notyping as predictive factors. The duration 
of preceding remission was the strongest 
predictor (p = O.OOI).WBC at relapse was a 
second significant predictor (p = 0.012), 
but it was not statisically independent from 
the duration of first remission. A negative 
correlation was found in patients with c
ALL between the log of WBC at relapse 
and duration of preceding remission (r = 
0.38). 

Of 12 patients with second relapse, 
relapse after BMT or refractory disease, 7 
(58 %) achieved a complete remission. Four 
patients entered a complete remission after 
induction phase I and three after induction 
phase II. One patient suffered early death 
from sepsis, three patients had nonrespond
ing disease and another patient was not 
evaluable for response. The duration of 
disease-free survival was 2, 2+, 3, 3, 3+, 
5+, and 8+ months. 



Table 3. Toxicity in 37 cycles of induction phase II. Only cycles with high-dose ara-C (3000 mg/m2 
twice daily day 1-4) are considered 

WHO Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 
n % n % n % n % n % 

Granulopenia 37 100 
Thrombopenia 1 3 36 97 
Bleeding 22 59 6 16 7 19 2 5 
Bilirubin 31 84 4 11 2 5 
Alkaline 28 76 7 19 1 3 1 3 
phosphatase 
GOT/GPT 14 38 7 19 9 24 7 19 
Nausea, 1 3 6 17 14 39 15 42 
vomiting 
Mucositis 13 36 8 22 2 6 10 28 3 8 
Diarrhea 13 36 7 19 8 22 8 22 
Creatinine 37 100 
Pulmonal 34 92 1 3 2 5 
Drug fever 32 86 1 3 4 11 
Cutaneous 22 59 9 24 5 14 1 3 
Alopecia 4 11 5 14 28 76 
Local infection 20 57 3 9 6 17 4 11 2 6 
Sepsis 25 71 1 3 5 14 4 11 
FUO 26 74 8 23 1 3 
Cardiac rhythm 29 78 8 22 
Cardiac function 37 100 
Peripheral 35 95 2 5 
neuropenia 
Eye 29 78 4 11 4 11 
Cerebellar 34 92 2 5 1 3 

Table 4. Selected risk factors and treatment results in patients with first relapse 

NR PR CR CR CR NE ED 
all PhI Ph2 

ALL 26% 2% 60% 40% 19% 12% 
AUL 25% 75% 75% 
No information 13% 13% 75% 63% 13% 

C-ALL 24% 3% 70% 52% 18% 3% 
T-ALL 24% 6% 47% 35% 12% 24% 
a-ALL 33% 67% 67% 
No information 100% 100% 

Low risk" 23% 77% 55% 23% 
High riska 25% 6% 53% 41 % 13% 16% 

First CR <18 mo. 32% 7% 46% 36% 11% 14% 
First CR > 18 mo. 15% 81 % 58% 23% 4% 

a At first diagnosis 
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Abb.1. Disease-free survival (months) after treatment for first relapse. (Patients with autologous or 
allogeneic BMT in CR were censored) 
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Fig. 2. Overall survival (months) after treatment for first relapse. (Patients with autologous or 
allogeneic BMT in CR are censored) 
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Fig. 3. Overall survival after treatment for first relapse according to the duration of the preceding 
remission. The upper curve shows patients with a preceding remission of more than 18 months 

Table 5. Duration of disease-free survival in 22 patients with BMT 

Allogeneic BMT in CR 
Autologous BMT in CR 

Allogeneic BMT later 
Autologous BMT later 

n 

8 
7 

5 
2 

Twenty-two patients had a bone marrow 
transplantation (BMT): 8 had an allogene
ic, 7 an autologous BMT in CR, 5 had an 
allogeneic, and 2 an autologous BMT after 
another relapse or with refractory disease. 
Five patients with allogeneic BMTare alive 
and well (see table 5). 

Discussion 

The prognosis of relapsing adult acute 
lymphocytic leukemia is poor. Therefore it 

Disease-free survival 

(2,2+,3,4,6,7,13+,18+) 
(1,4,4,5, 7, 8, 12) 

(1+,1,1,8,15+) 
(2,3) 

is controversial whether a palliative or a 
curative concept should be favored in 
patients without HLA-matched bone mar
row donor. Combinations of vinca aIca
loids, prednisone, anthracycIine ± asparag
inase have induced remissions in 74 % of 
patients with relapsing All [5-9]. High
dose cytosine arabinoside is an effective 
monotherpy [10-16] or has been given suc
cessfully in combination with AMSA 
[17 -20], anthracycIines [21], anthrachi
nones [22-24], asparaginase [25-27]' or 
podophyllotoxins [28-31]. The rationale of 
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our study was to improve treatment results 
in patients with relapsing ALL by combin
ing both principles in a treatment strategy 
first reducing tumor burden by a modified 
ViDAP regimen and intensification by a 
combination with high-dose cytosine arabi
noside. 

Eight studies including more than 20 
patients with relapsing or refractory adult 
ALL have been published with complete 
remission rates of 26 % and 75 % [18, 22, 
23,32-36]. Some ofthese studies cannot be 
fully compared because of poor informa
tion on pretreatment and state of refracto
riness. Our study includes the so far largest 
group of patients. All patients were pre
treated with the BMFT regimen. In first 
relapse 64 % of patients entered a complete 
remission. There is only one study so far 
published with a higher remission rate [18], 
but Phi-positive patients have been ex
cluded. 

The major problem in relapsing ALL is 
short duration of disease-free survival 
(DFS), which was 2.9 months in our 
patients. Median times for DFS were 
reported previously between 2.2 and 7 
months [18, 22, 23, 32-36]. Some of the 
studies with long remission duration had 
poor results in induction chemotherapy [34, 
36]. This may result in a positive selection of 
patients with a better remission duration. 
However, patients in studies with intensive 
maintenance and consolidation [33, 34, 36] 
had longer remission durations than 
patients who were treated by intensive 
induction only [18, 22, 23, 32]. On our study 
only 11 of the 34 patients with complete 
remission received consolidation treat
ment. This deficit may contribute to the 
short duration ofDFS. An intensification of 
this treatment element should be part of 
future studies. 

Summary 

Sixty-six [49 m, 17 f, mean age 30.2 years 
(16-62 years)] were treated for relapsing or 
refractory ALL. Induction phase I con
sisted ofvindesine 3 mg/m2 i.v. day 1, 8, 15; 
DNR 45 mg/m2 i.v. day 1, 8, 15; Erwinia 
asparaginase 10000 U/m2 i.v. day 7, 8, 14, 
15; and prednisone 60 mg/m2 p.o. day 1-21. 
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For induction phase II cytarabine 2 x 3000 
mg/m2 i.v. day 1-4 (in patients > 50 years 
1000 mg/m2) and VP16 100 mg/m2 i.v. day 
1-5 were given. Eleven patients received 
consolidation therapy. Thirty-four (64 % ) of 
54 patients with first relapse achieved a CR 
(25 after phase I, and 9 after phase II of 
induction). The median disease-free survi
val was 2.9 months and the median overall 
survival 6.6 months. In patients with first 
relapse the CR rate was superior in patients 
with c-ALL compared to those with t-ALL 
(70 % vs. 47 %, statistically not significant), 
and in patients with a preceding CR of more 
than 18 months (81 % vs. 46 %, p <0.01). 
Survival and remission duration was similar 
in patients with c-ALL compared to those 
with t-ALL. Patients with a preceding 
remission of less than 18 months had a 
statistically significant inferior survival 
compared to those with a longer preceding 
remission. The duration of the preceding 
remission was the major prognostic factor 
for survival in a multivariate analysis. Seven 
of 12 patients with primary refractory dis
ease, second relapse, or relapse after BMT 
achieved a complete remission. Side effects 
of induction phase I consisted predominant
ly of hematologic toxicity with subsequent 
infections and of gastrointestinal toxicity. In 
phase II some patients additionally experi
enced cutaneous, ocular, and hepatic toxic
ity. Six patients died during induction. We 
conclude that the treatment efficiently 
induces remissions in relapsing adult ALL 
with tolerable toxicity but the remission 
duration has to be improved by intensifying 
consolidation and maintenance. 
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Mitoxantrone and Continuous Infusion of Cytosine Arabinoside 
in the Treatment of Relapsed and Refractory Acute Leukemia 

V. Liso, G. Specchia, V. Pavone, S. Capalbo, A. Iacobazzi, and N. Pansini 

Introduction 

Despite an improved remISSIon rate in 
patients with acute leukemia (AL) follow
ing the introduction of intensive chemo
therapy programs, the incidence of relapsed 
and refractory patients still remains an 
important clinical problem. High-dose 
cytosine arabinoside (ARA-C) has been 
employed in patients with refractory or 
relapsed acute leukemia, alone or in com
bination with asparaginase [1], amsacrine 
[2] or idarubicin [3]. Recently, several clin
ical studies, investigating the combined use 
of mitoxantrone (MITOX) and ARA-C, 
have shown encouraging results in the treat
ment of relapsed or refractory acute leu
kemia [4-7]. In this work, we have investi
gated the efficacy and toxicity of MITOX in 
combination with continuous infusion of 
ARA-C in patients with refractory and 
relapsed acute leukemia. 

Materials and Methods 

Forty-six patients with relapsed or refracto
ry AL were entered in the study. Twenty had 
acute lymphoblastic leukemia (ALL) and 
26 had acute nonlymphoid leukemia 
(ANLL). Bone marrow and peripheral 
blast cells were categorized on the basis of 
FAB classification [9], cytochemical investi
gations [10], and cytoplasmic Ig and surface 
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marker analysis. Patients were considered 
eligible for the study if they had a perfor
mance status of 0-2 (WHO criteria), nor
mal liver and renal functions and no evi
dence of severe cardiac dysfunction. Clini
cal characteristics of patients are shown in 
Table 1. 

Patients with ALL 

Fourteen patients had been treated with 
GIMEMA Protocol 0183 (10) and 6 with 
GIMEMA Protocol 0288 induding dauno
rubicin followed on day 32 by MITOX 10 
mg/m2 for 3 days in the induction phase. Of 
the 20 patients, 6 were refractory to first 
line treatment, 9 had relapsed within 12 
months of complete remission (CR) and 5 
had relapsed more than 12 months after 
achieving the first CR. 

Patients with ANLL 

Twenty-one patients (age <60 years) had 
been previously treated for remission 
induction with daunorubicin 45 mg/m2 per 
day for 3 days and ARA-C 200 mg/m2 per 
day continuous infusion for 7 days (GIME
MA Protocol) [11]. Five patients (age >60 
years) had been treated with daunorubicin 
45 mg/m2 per day for 1-2 days and cytosine 
arabinoside 200 mg/m2 for 1-5 days. Of the 
26 patients, 11 showed primary resistance 
to two courses of intensive first line treat
ment with daunorubicin and ARA-C, 3 had 
relapsed within the first 6 months of CR 
(early relapse) and 12 had relapsed off 
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Table 1. Characteristics of patients with acute leukemia 

Patients No. 46 
Sex Male 25 

Female 21 
Age (years) Range 15-76 

Median 38 
ALL 20 
Disease status Refractory 6 

Relapsed 14 
First line 
treatment GIMEMA protocol 0183 14 

GIMEMA protocol 0288 6 
FAB classifikation L1 5 

L2 13 
L3 2 

AnLL 
Disease status Refractory 11 

Relapsed 15 
First line 
treatment GIMEMA protocol 8201 21 

DAUNO (2) + ARA-C (5) 5 
FAB classification Ml 

M2 
M4 
M5 
M6 
M7 

therapy more than 6 months after achieving 
the first CR (late relapse); median CR 
duration was 8.5 months (range 7-17 
months). Prior cumulative dose of dauno
rubicin was between 180 and 500 mg/m2 

(median 270 mg/m2). 

Treatment 

All patients received a two-course induc
tion therapy consisting of MITOX, 12 
mg/m2 per day, by intravenous infusion on 
day 1, 2 and 3 and ARA-C 200 mg/m2 per 
day by continuous infusion on day 1-7. The 
second reinduction course was adminis
tered 7-10 days after the first. Therapy 
response was evaluated after the second 
reinduction course. Response to therapy 
and toxicity were assessed using the conven
tional criteria of the Cancer and Leukemia 
Group [12] and WHO [13] respectively. 
After achieving CR, the patients received 
one course of the same protocol as consol
idation therapy. 
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2 
12 
2 
7 
1 
2 

Results 

Overall results of treatment with MITOX 
plus continuous infusion of ARA-C in 
refractory and relapsed AL are summarized 
in Table 2. Complete remission was 
observed in 10 of 20 patients (50 %) with 
ALL. Of the ten patients who obtained CR, 
three were refractory to the first line of 
treatment and seven were in first relapse. 
The median remission duration for the 
entire group (ten patients) was 5 months 
(range 2-9 months). In responsive ALL 
patients, the median duration ofleukocyto
penia «0.5 x 1091) was 14 days (range 
12-23 days) and that of thrombocytopenia 
«20 x 109 I) was 12 days (range 10-20 
days) after the two reinduction courses. 
Partial remission was observed in two 
relapsed patients. Five patients had persis
tent leukemia and three had hypoplasia or 
aplastic bone marrow after reinduction 
treatment but with rapid increase in leu
kemic cells. One patient died of cerebral 
hemorrhage in aplasia. Four documented 



Table 2. Results in 46 patients with acute leukemia treated with MITOX and continuous infusion of 
ARA-C 

No. CR PR F 

All patients 46 27 (58.6%) 2 
All 
Refractory 6 3 (50%) 
Relapsed 14 7 (50%) 2 
AnLL 
Refractory 11 6 (54.5 %) 
Relapsed 15 11 (73.3 %) 

infections (two clinical and two bacteriolog
ical) were observed in four patients. Out of 
26 patients with ANLL, 17 (65.3 %) 
achieved CR. The cytotypes of 17 responder 
patients were 2Ml, 7M2, 6M5 and 2M7. 
Particularly two patients with M7, failing 
first line treatment, obtained CR by one 
course with MITOX plus ARA-C; they are 
still in CR after 8 and 7 months respectively. 
Of the 17 AnLL patients who obtained CR, 
11 were in first relapse, and 6 were refrac
tory to the first line of treatment including 
daunorubicin and ARA-C. The median 
remission duration for the entire group (17 
patients) was 5 months (range 2-16 
months). In responsive AnLL patients, the 
median duration of granulocytopenia ( <05 
x lOYI) and thrombocytopenia «20 x lOYI) 
was 14 days (range 10-25 days). One 
patient died of cerebral hemorrhage, in 
aplasia, while infections were documented 
in five patients (Table 3). Extrahematologic 
toxicity was acceptable, side effects tolera
ble, nausea and vomiting mild, and moder
ate stomatitis and reversible hepatic func-

15 

3 
4 

4 
4 

Induction CR duration (months) 
deaths median Range 

2 5 2-16 

5 3-6 
5 2-9 

5 2-13 
4.5 2-16 

tion abnormalities were observed. No car
diac toxicity was observed (Table 3). 

Discussion 

In recent years many protocols including 
MITOX alone [14, 15] or in combination 
with ARA-C high dose, intermediate dose 
or conventional dose [5-8, 16] showed 
encouraging results in the treatment of 
relapsed or refractory patients with AL. 
The two agents have different biochemical 
mechanisms of action [17] without overlap
ping reported toxicities. The efficacy of 
MITOX and ARA-C compared with other 
salvage regimens (high-dose ARA-C alone 
or in combination with other agents such 
etoposide, amsacrine, asparaginase or ida
rubicin) is difficult to determine due to the 
heterogeneity of the reported studies [1-5, 
16-19]. 

Paciucci [16] also supports a comparative 
trial of MITOX with either high-dose or 
conventional-dose ARA-C. Analysis of 

Table 3. Extrahematologic toxicity in 46 patients with acute leukemias treated with MITOX and 
ARA-C 

WHO 
0 2 3 4 

Nausea and vomiting 31 9 4 2 0 
Alopecia 23 13 7 3 0 
Diarrhea 35 7 4 0 0 
Mucositis 33 10 3 0 0 
Liver toxicity 42 2 2 0 0 
Cardiac toxicity 46 0 0 0 0 
Infections 37 7 2 0 0 
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available data seems to indicate that while 
the use of megadose ARA-C combined 
with daily doses of MITOX does not neces
sarily translate into a greater antileukemic 
effect, it will, however, definitely increase 
the frequency and severity of toxic compli
cations. 

The results of our study indicate that the 
sequential combination of MITOX and 
conventional-dose ARA-C in continuous 
infusion is an effective and tolerable regi
men for refractory and relapsed AL cases. 
Of the 26 patients with pretreated ANLL, 
17 (65.3 %) (6 refractory and 11 relapsed) 
achieved CR with a median CR duration of 
5 months. Concerning ALL, 10 of20 (50 %) 
adult ALL patients (3 refractory and 7 in 
first relapse) obtained CR with a median 
CR duration of 5 months. 

These results are comparable with the 
majority of data reported in the literature 
[4-6, 16, 18] and demonstrate the antileu
kemic activity of this combination with no 
documented evidence of clinical cross-resis
tance with induction regimens based on 
standard-dose ARA-C and anthracyclines. 
In our experience, using MITOX and 
ARA-C in continuous infusion at conven
tional doses, nonhematologic toxicity was 
minimal, consisting mainly of tolerable nau
sea and mild vomiting, moderate stomatitis 
and reversible liver dysfunction. The regi
men toxicity was acceptable without any 
observed new or synergistic toxicity with 
the combination treatment. In responders, 
the duration of pancytopenia was not larger 
than usually seen after conventional che
motherapy as indicated by the median 
recovery times of granulocytes and platel
ets. Because of acceptable toxicity, MITOX 
plus continuous infusion of standard dose 
of ARA-C could be considered for reinduc
tion of relapsed or refractory AL, particu
larly in AL patients eligible for intensive 
programs post second CR. 

Summary 

Forty-six patients with relapsed or refracto
ry AL (20 with ALL and 26 with AnLL) 
received a regimen employing two courses 
of mitoxantrone 12 mg/m2 by rapid intra
venous infusion on days 1, 2 and 3 and 
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cytosine arabinoside 200 mg/m2 per day by 
continuous infusion on days 1-7. Of 20 
patients with ALL, 10 (50 %) (3 refractory 
and 7 relapsed) achieved complete remis
sion (CR). Median duration of CR was 5 
months (range 2-9 months). CR was 
achieved in 17 of 26 (65.3 %) patients with 
ANLL (8 refractory and 9 relapsed). 
Median duration of CR was 5 months 
(range 2-16 months). The treatment was 
associated with minimal extrahematologic 
toxicity with noncardiac toxicity. 
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Oral Idarubicin in Pretreated Pediatric Acute Leukemia* 
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Introduction 

Anthracyclines are among the most useful 
drugs in the treatment of both lymphoblas
tic (ALL) and nonlymphoblastic (ANLL) 
acute leukemias of childhood. However, 
the benefit of the most commonly used 
anthracyclines daunorubicin and doxorubi
cin is limited by their cardiotoxicity [1] and 
by resistance against these compounds. The 
daunorubicin analog idarubicin (4-deme
thoxydaunorubicin) might be less cardio
toxic and has shown greater antileukemic 
efficacy in some preclinical and clinical 
trials [2]. In addition, the chemical struc
ture of idarubicin leads to appreciable 
resorption of active drug after oral applica
tion [3, 4], allowing therapy in an outpa
tient setting. We therefore conducted an 
open, multicenter trial assessing the toxici
ty and efficacy of oral idarubicin in refrac
tory acute leukemia in children. 

1 Abteilung fUr padiatrische Hamatologie und 
Onkologie, Universitatskinderklinik. Hamburg. 
FRG 
2 Universitatskinderklinik, Bonn·, FRG 
3 Farmitalia Carlo Erba GmbH, Freiburg, 
FRG 
4 Universitatskinderklinik, Mainz, FRG 
5 Universitatskinderklinik, Munchen. FRG 
6 Kinderklinik Wuppertal. Klinikum Barmen. 
Wuppertal, FRG 
7 Universitatskinderklinik RWTH. Aachen. 
FRG 

* Supported by Farmitalia Carlo Erba GmbH, 
Freiburg 

486 

Patients and Treatment Protocol 

The study was open to pediatric patients 
with hematologic manifestation of recur
rent or primarily refractory ALL or ANLL 
treated at German pediatric oncology cent
ers. Informed consent was obtained from 
all patients or their legal guardians. Biliru
bin >2 mg/dl, creatinine >2 mg/dl, a frac
tional shortening rate (FS) of <28 % on 
m-mode echocardiography or previous car
diac disorders were exclusion criteria, as 
were predictable intolerable side effects, 
presence of concomitant severe diseases, or 
a Karnofsky status <40 %, while pretreat
ment with other anthracyclines was permit
ted. 

Idarubicin was given p.o. at a single dose 
of 13.3-30 mg/m2 per day before meals on 
each of three consecutive days (total dose = 

40-90 mg/m2). No concomitant chemother
apy was allowed with the first course of 
idarubicin. Patients responding to therapy 
were eligible to receive additional courses 
at 21- to 28-day intervals, depending on 
blood counts. 

Partial remission was assumed when the 
peripheral blood was free of blasts and 
showed normal counts, and blasts in the 
bone marrow were reduced to less than 
10 %. Complete response was defined as 
the peripheral blood being free of blasts and 
showing normal counts, the bone marrow 
had to be of normal cellularity with <5 % 
blasts. 

Toxicity was graded as mild (I), moderate 
(II), severe (III), or life-threatening (IV) 
according to a modified WHO toxicity 



score: Hematologic toxicity, leukocytes/nl: 
:2':4.0 = 0, 2.0-3.9 = I, 1.0-1.9 = 11,0.5-0.9 
= III, <0.5 = IV; platelets/nl: :2':100 = 0, 
60-99 = I, 30-59 = II, 10-29 = III, <10 = 
IV. Nonhematologic toxicity, hepatic: bili
rubin (mg/dl) <1.25 = 0, 1.26-2.5 = I, 
2.6-5.0 = 11,5.1-10.0 = III, >10 = IV; all 
other toxicity graded according to standard 
WHO criteria. 

Fisher's exact test was used for statistical 
analysis of the influence of idarubicin dose 
on response and leukopenia. 

Results 

Patients 

Idarubicin p.o. was given to 20 pediatric 
patients aged 2-18 years (median 13 years) 
with relapsed (n = 19; 5 x 1st, 9 x 2nd, 4 x 
3rd, 1 x 4th relapse) or primarily refractory 
(n = 1) ALL (n = 18) or ANLL (n = 2) 
(patient characteristics see Table 1). Prior 

anthracycline therapy reached cumulative 
doses of 38-880 mg/m2 (Table 2). Thirteen 
patients received one course, seven more 
than one (two to eight) courses of idarubi
cm. 

Toxicity 

Bone marrow suppression was the most 
frequent and most severe side effect (Table 
3). The leukocyte nadir was reached 
between days 5 and 21 (median = day 11), 
counts of less than 1 (0.5)/nl were docu
mented in 13 (6) of 17 patients evaluable for 
hematological toxicity. One patient (No.2) 
died of sepsis during prolonged cytopenia. 
The frequency of severe leukopenia was 
clearly dose related, with six of nine after 
more than 60 mg/m2, but only one of eight 
evaluable patients after lower doses reach
ing leukocyte nadirs of <0.5/nl (p = 0.036, 
Fisher's exact test). Thrombocytopenia <30 
(1O)/nl was documented in 12 (5) patients. 

Table 1. Patient characteristics. Clinical data of 20 patients treated with oral idarubicin. All patients 
showed hematological evidence of acute leukemia 

Patient Age (years) Sex Diagnosis Relapse 

1 6 Female C-ALL Second 
2 16 Male T-ALL Third" 
3 17 Male C-ALL Second 
4 13 Female C-ALL Second 
5 10 Female C-ALL Fourth 
6 4 Male C-ALL Firstb 

7 16 Male ALL Third 
8 14 Male ALL Second 
9 15 Male C-ALL First 

10 2 Female ANLL-M5 Second 
11 18 Male C-ALL Second 
12 7 Female C-ALL Second 
13 2 Male ANLL-M5 InL< 
14 13 Female C-ALL Third 
15 3 Female C-ALL Second 
16 15 Female C-ALL First 
17 13 Male C-ALL Third 
18 9 Male T-ALL First 
19 15 Female C-ALL Second 
20 10 Male T-ALL First 

a Plus CNS, skin and testicular involvement 
b Additional testicular involvement 
C Refractory to initial therapy 
Age, age in years at start of idarubicin treatment; diagnosis: ALL, acute lymphoblastic leukemia; 
ANLL, acute nonlymphoblastic leukemia 

487 



Table 2. Anthracycline pretreatment 

Patient Daunorubicin Doxorubicin Mitoxantrone Total 

I 144 144 
2 240 240 
3 281 108 389 
4 207 145 352 
5 800 80 880 
6 91 91 
7 227 100 327 
8 221 88 309 
9 60 60 30 150 

10 87 145 22 254 
11 160 160 
12 316 316 
13 184 90 274 
14 231 28 259 
15 38 38 
16 217 97 314 
17 92 181 273 
18 110 113 213 
19 283 283 
20 65 69 134 

Cumulative doses (mg/m2) of daunorubicin, doxorubicin, and mitoxantrone given to participating 
patients prior to idarubicin treatment 

Table 3. Summary of side effects observed after the first idarubicin treatment cycle given to 20 
pediatric patients with acute leukemia. See text for grading of toxicity 

Grade Nausea Stomatitis Diarrhea Hepatic Cardiac Infection Leukope- Platelets 
Vomit nia 

0 11 13 16 14 17 14 0 3 
I 1 1 2 2 0 0 0 0 
II 7 3 1 I 0 3 4 3 
III 1 2 0 1 1 0 6 7 
IV 0 0 0 0 0 1" 7 4 
NEb 0 1 1 2 2 2 3 3 

a One death due to sepsis during prolonged pancytopenia 
b Not evaluable due to early death (n=l) or missing data (n=2) 

Otherwise, idarubicin was generally well 
tolerated. However, one girl (No. 14), 
pretreated with 259 mg/m2 anthracyclines, 
developed congestive heart failure respon
sive to appropriate medical intervention 
after 76 mg/m2 idarubicin. In addition, one 
case of reversible hyperbilirubinemia (3.7 
mg/dl, No.4), one case of severe nausea 
and two cases of severe mucositis were 
observed (Table 3). 
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Antileukemic Activity 

Remission was achieved in 7/20 patients (4 
CR, 3 PR) (Table 4). Those patients who 
reached CR did so after the first (No. 14, 
19), second (No.4) or third (No.6) cycle. 
Five of nine patients receiving more than 60 
mg/m2 responded, compared to only 2 of 11 
treated with lesser doses (p = 0.102, Fish
er's exact test). 



Table 4. Therapeutic efficacy. Response to oral 
idarubicin in 20 pediatric patients with relapsed 
or refractory acute leukemia. See text for defin
ition of complete (CR) and partial remission 
(PR) 

Patient Dose Remission 
(mg/m2)* 

1 40 None 
2 62 None 
3 44 None 
4 90 Completeh 

5 90 None 
6 86 Complete' 
7 50 None 
8 58 None 
9 44 None 

10 55 None 
11 65 None 
12 60 None 
13 59 Partial 
14 76 Complete" 
15 50 Partial 
16 53 None 
17 41 None 
18 71 Partial 
19 74 Completea 

20 73 None 

Total 4 CR; 3 PR 

* Dose of initial cycle. (Patients were eligible for 
administration of more than one treatment cycle, 
if at a least a partial remission was achieved after 
the first dose). Patients who did so reached 
complete remission after the first (a), second (b), 
or sixth (c) idarubicin course 

Discussion 

The daunorubicin analog idarubicin (4-
demethoxydaunorubicin) has been advo
cated for the treatment of acute leukemia in 
children and adults [2, 5], In vitro data have 
suggested an increased antileukemic effica
cy of idarubicin compared to daunorubicin 
in some assays [6], as well as increased 
penetration into leukemic cells [7]. 

Clinical activity of single agent intrave
nous idarubicin has been demonstrated in 
relapsed and refractory acute leukemia in 
adults [8-10] and children [11,12]. A recent 
review of six randomized studies has shown 
idarubicin to be at least as effective or even 
better than doxorubicin or daunorubicin 
during remission induction in primary 

ANLL (all combined with cytosine arabino
side) [2]; the same result was found in a 
pediatric trial of reinduction after first 
relapse of ALL [13]. Myelotoxicity has 
emerged as the dose-limiting side effect of 
phase I studies, while cardiotoxic effects of 
idarubicin might even be lower than those 
of equieffective doses of either doxo- or 
daunorubicin [2]. As a major advantage 
over the other anthracyclines, oral adminis
tration of idarubicin is feasible, with a 
bioavailability of some 25 % -30 % [3, 4], 
allowing oral drug administration in the 
outpatient setting. Phase I studies of oral 
idarubicin in leukemic children reported a 
maximum tolerated dose (MTD) in the 
range of 3 x 40 mg/m2 [14, 15]. 

We therefore conducted a trial of oral 
idarubicin at a dose of 13.3-30 mg/m2 on 
each of three consecutive days in heavily 
(anthracycline) pretreated pediatric pa
tients with relapsed or refractory acute 
leukemia, mainly ALL. In this setting, 7 of 
20 patients achieved at least a partial re
mission, including 4 complete responses. 
Extramedullary toxicity was generally well 
tolerable. The only case of clinically obvious 
cardiotoxicity was reversible after appro
priate therapy. However, idarubicin in
duced severe, sometimes protracted myelo
suppression, particularly after treatment 
with more than 60 mg/m2 per course. One 
patient died of sepsis during prolonged 
cytopenia. Therefore, the application of the 
high idarubicin doses suggested by Tan et a1. 
[14] and Pui et a1. [15] was not feasible in 
our study. Trials of oral idarubicin in adult 
patients also point towards a lower MTD 
[16,17]. A reduction of the idarubicin dose, 
however, might also compromise antileu
kemic efficacy, as responses in our study 
were primarily seen after treatment with 
doses above 60 mg/m2. 

Conclusions 

Oral idarubicin can induce remissions in 
some children with relapsed or refractory 
acute leukemia. Due to severe myelotoxic
ity at higher doses, no more than 60 mg/m2 
per course should be given to this patient 
group; however, this might reduce thera
peutic efficacy. 
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Summary 

Idarubicin was given p.o. to 20 pediatric 
patients suffering from relapsed or primari
ly refractory anthracycline pretreated acute 
lymphoblastic (n = 18) or nonlymphoblas
tic leukemia (n = 2). The dose per cycle was 
40-90 mg/m2, given as 13.3-30 mg/m2 on 
three consecutive days. Severe toxicity was 
mainly hematologic, with seven patients re
aching leukocyte nadirs of <0.5 x 109n, 
including one case of fatal sepsis during 
cytopenia. Nausea and vomiting (1), mucosi
tis (2), hepatic (1) and cardiac (1) dysfunction 
contributed to grade III toxicity. Complete 
remission (CR) was documented in four 
patients (20%); in addition, three patients 
(15 %) achieved partial remission (PR). 
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Involvement of the CNS in Childhood AML: 
Experiences of the AML-BFM Studies -78, -83, and -87* 

U. Creutzig, 1. Ritter, and G. Schellong for the AML-BFM Study Group 

As children with acute myelogenous leu
kemia (AML) used to have an overall lower 
incidence of central nervous system (CNS) 
involvement than those with acute lympho
blastic leukemia (ALL), prophylactic treat
ment has not been routine. However, the 
improvement in the rate of long-term sur
vival in childhood AML has been accom
panied by an increase in CNS relapses if 
children receive no CNS prophylaxis [1]. In 
the following we present our analysis of 
CNS leukemia (initial and relapse) based on 
the three German BFM (Berlin-Frankfurt
Munster) studies AML-78, -83, and -87. 

* Supported by the Bundesministerium flir For
schung und Technologie, and Deutsche Krebs
hilfe, FRG. 

Univ.-Kinderklinik, Albert-Schweitzer-Str. 33, 
0-4400 MUnster, FRG 

Treatment 

The first two BFM studies AML-78 and 
-83 employed cranial irradiation combined 
with intrathecal methotrexate (MTX) or 
cytosine arabinoside (ARA-C, four times) 
for all patients during consolidation treat
ment. Dosages were determined according 
to age and initial cerebrospinal fluid (CSF) 
blast count (Table 1). Patients of study 
AML-BFM-87 without initial CNS involve
ment and white blood count (WBe) < 
70000/mm3 were randomized for CNS irra
diation during the first 2.5 years of the trial. 
Thereafter, randomization was abandoned. 
Prophylactic CNS treatment consisted of 
ARA-C i.th. and high-dose ARA-C 
(3 g/m2 x 6) which was applied during two 
intensification courses. 

Patient and Methods 

From December 1978 to December 1990, 
510 AML patients under 17 years of age 

Table 1. Dosages for cranial irradiation and intrathecal drug administration in CNS treatment (studies 
AML-BFM-78 and -83) 

Age Cranial irradiation MTX i.th. ARA-C i.th. 
"Prophylactic" "Therapeutic" (study -78) (study -83) 

(years) (GY) (GY) (mg/m2) (mg) 

<1 12 20 20 
~1-2 15 24 26 
~2-3 18 30 12.5 34 
~3 18 30 40 

a Children with initial CNS involvement (> 10 blast cells in the CSF) additionally received spinal cord 
irradiation with 15 Gy « 1 year), 20 Gy (1-2 years), and 24 Gy (~2 years) 
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entered the three studies BFM-78, -83, and 
-87, the latter being still open for patient 
entry. The initial diagnosis of AML and its 
subtypes was established according to the 
FAB classification [2,3]. Criteria for CNS 
involvement were: more than ten blast 
cells/mm3 in the CSF or evidence of cerebral 
leukemic infiltration at biopsy or opera
tion. 

Results 

AML-BFM-78 and -83 Studies 

Twenty-three out of 316 children with CSF 
examinations presented with CNS involve
ment initially. As shown in Table 2, extra
medullary organ involvement at other sites 
was frequent in children with initial CNS 
involvement (p = 0.13). Meningeal leu
kemia occurred more often in children with 
hyperleukocytosis (WBC 2': 100000/mm}) 
compared to children with a lower WBC 
(p < 0.04). Especially children with FAB 
M4 showed an elevated initial blast count in 
the CSF (FAB M4 vs. other FAB types 
p < 0.0001). 

Treatment results in children of studies 

-78 and -83 with or without initial CNS 
leukemia are presented in Table 3. The 
patients of both groups were equally likely 
to achieve remission (CR), but the relapse 
rate was higher in initially CNS-positive 
patients. Life-table estimates for a 7-year 
duration of the event-free interval (EFI, 
Fig. 1) were 35 % (SD 12 %) in initially 
CNS-positive and 54 % (SD 3 %) for CNS
negative patients (p < 0.05). 

Sixteen of 101 relapses occurred either 
isolated in the CNS (n = 5) or in combina
tion with other relapse sites (n = 11) (Ta
ble 4). Children with initial CNS leukemia 
had a higher frequency of CNS relapses 
than CNS-negative patients (p < 0.03). 

There were no isolated or combined CNS 
relapses in patients with FAB M2, whereas 
the incidence in FAB M5 was high (n = 7; 
Table 5). When relapses with CNS involve
ment were censored, the difference in prog
nosis between initially CNS-positive and 
-negative patients disappeared (Fig. 2). 

Outcome After eNS Relapse 

Table 6 gives an overview on treatment and 
outcome after CNS relapse. Survival after 
CNS relapse was short, at a median of 

Table 2. Initial data of patients with or without initial eNS involvement: studies AML-BFM-78 
and -83 

Without eNS involve
ment (%) 

&~ ~ 
Extramedullary organ involvement 24 
Liver> 5 em bern 16 
Spleen >5 em bern 14 
WBe ~100000/mm3 19 

FABMl 22 
FABM2 23 
FABM3 3 
FABM4 23 
FABM5 25 
FABM6 3 

No. of patients 294 

eNS involvement p-value X 2 

(0/0) test 

61 
41 
26 
9 

39 

26 
4 
o 

61 
9 
o 

23 

0.04 

0.0001 

In 16 children initial eNS involvement was doubtful or no data were submitted 
bem, below costal margin 
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Table 3. Treatment results in children with or without CNS involvement (Studies AML-BFM-78 
and -83) 

NoCNS CNS 
involvement involvement 

No. of patients treated 294 23 
Early deaths prior to therapy 7 1 

Patients treated 287 22 

Deaths during induction therapy 24 2 
Nonresponders 28 3 
CR achieved 235 (82 %) 17 (77%) 
Death in CCR 8 1 
Relapses 91 10 
In CCR 123 6 

>- 1.121 
I-
H CNS NEGATIVE N 235 123 IN CCR ..J 
H CNS POSITIVE N 17 6 IN CCR 
III 121.8 a: 
III 
0 
~ 
a.. '. 

121.6 '" 

121.54 ( SD 121.1213 
121.4 .................. : 121.35 ( SD 

=/. ...................................... 
121.12 

121.2 

p 121.1214 

121.0 
121 2 3 4 5 6 7 8 9 1121 YEARS 

Fig. 1. Probability of event-free interval (EFI) duration in patients with or without initial CNS 
involvement. Studies AML-BFM-78 and -83. I, last patient entering the group 

Table 4. Isolated and combined CNS relapses in children with initial CNS involvement (Studies 
AML-BFM-78 and -83) 

Initial Relapse Percentage 
without CNS Relapse in CNS ofCNS 

n involvement Isolated Combined relapses 

CNS positive 23 6 2 2 40% (10) 
p ::;0.03 

CNS negative 287 81 3 7 11 % (91) 

Out of 16 patients with unknown initial CNS status two relapsed with CNS leukemia 
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Table 5. Isolated and combined CNS relapses according to FAB types in studies AML-BFM-78 
and -83 

Isolated Combined CNS 
CNS relapse CNS relapse relapse Total 

FABM1 4 5 
FABM2 
FABM4 1 3 4 
FABM5 3 4 7 
Other 

No. of patients 5 11 16 

>- 1.13 
l- CNS NEGATIVE N 235 813 RELAPSES H = 
-' CNS POSITIVE N 17 5 RELAPSES H 
III 13.8 a: 
III 
0 
a:: 

13.62 ( SD 13.133 a.. 
13.6 ;/. ....................................... 

13.613 ( SD 13.14 ) 

13.4 

13.2 

13.13+-~-r~~~~r-~~~~-r~~~~r-~T-~~~ 

13 2 3 4 5 6 7 8 9 113 YEARS 
Fig. 2. Probability of relapse-free interval (RFI) duration in patients with or without initial CNS 
involvement. Studies AML-BFM-78 and -83. CNS relapses censored. I, last patient entering the 
group 

6.1 months; only one child, who was treated 
with implantation of radiogold after iso
lated CNS relapse, has remained in second 
remission for 7 years. 

AML-BFM-87 Study 

Due to the low number of CNS relapses in 
initially CNS-negative patients of study 
BFM-87, CNS irradiation which had been 
randomized during the first 2.S years was 
abandoned. CNS prophylaxis consisted of 
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ARA-C i.th. and highdose ARA-C, which is 
known to undergo slower elimination in the 
CSF than in the periphery. Currently, after a 
follow-up of 4-48 months, four combined 
CNS relapses have occurred. Two of these 
children were among the group of 40 initial
ly CNS-negative patients who received CNS 
irradiation, and two belonged to the nonir
radiated group (n = 73). So far, none ofthe 
children with initial CNS involvement and 
irradiation after CR (n = 13) have relapsed 
in the CNS. Three of the four CNS relapses 
occurred in children with FAB type MS. 



Table 6. Outcome after CNS relapse 

Pat. No. Therapy Outcome 

Isolated CNS relapse 
tumorous 

1 
2 
3 
4 
5 

OP Early death, cerebral bleeding 
OP + RT 45 Gy CNS relapse, 5 months 

In the CSF MTX i. tho PR, progress 5 months 
RT spinal 29 Gy Hematologic relapse, 6 months 
Implantation of radiogold In CCR, 7 years 

Combined CNS relapse 6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Palliative 
Palliative 
Palliative 
Palliative 
Palliative with RT 
BFM-78 protocol 
BFM-83 protocol 

Early death, infection 
Early death, infection 
PR, progress, 1.5 months 
PR, progress, 2.5 months 
Relapse, 12 months 
PR, progress 14 months 
Relapse, 5 months 
Relapse, 2 years RT 24 Gy + BFM-83 

Autologous BMT in PR 
Autologous BMT 
Allogenic BMT 

Relapse, 1 year 
Relapse, 3 months 
Death in CCR after 2 years 

BMT, bone marrow transplantation; Of, operation; RT, radiotherapy 

Discussion 

The incidence of CNS leukemia at the time 
of diagnosis is higher in AML than in ALL. 
Five pediatric studies [4] cite an incidence of 
5%-14%; we found 7%-12% in our 
trials. On the other hand, CNS leukemia in 
relapse was less often seen. This may be a 
reflection of the shorter disease-free sur
vival time of children with AML, since the 
occurrence of CNS leukemia was higher in 
studies with better long-term results [1]. On 
the other hand the value of CNS "prophy
laxis" in AML is not clear. Dahl et al. [5] 
reported that 24 Gy craniospinal irradiation 
significantly reduced the incidence of late 
CNS leukemia, but there was no advantage 
in duration of remission. In the CCG-251 
protocol [6] with prophylactic treatment of 
radiotherapy and MTX i.th. the CNS 
relapse rate was low; only 6 of 399 patients 
(2 %) achieving remission had subsequent 
isolated CNS relapses. Four of them oc
curred in patients prior to bone marrow 
transplantation, who did not receive cranial 
irradiation. Thus, it seems that some form 
of prophylaxis is necessary. 

Our rate of CNS relapses (6 % isolated 
and combined) in studies BFM-78 and -83 
was also low. In these studies, CNS "pro-

phylaxis" consisted of intrathecal doses of 
MTX (BFM-78) and ARA-C (BFM-83) as 
well as radiotherapy. In order to avoid 
long-term sequelae of CNS irradiation one 
question of the ongoing trial BFM-87 is, 
whether a different form of CNS treatment 
with i.th. and high-dose ARA-C might be 
sufficient in preventing CNS relapses. 
Longer follow-up and larger patient num
bers will be needed to prove the assump
tion. 

The finding of an increased risk of CNS 
relapse, especially in children with FAB 
M5, was noted in other pediatric studies [1, 
7,8] as well as in our own. Therefore, a more 
aggressive CNS treatment with cranial irra
diation may be of benefit not only for the 
group of initially CNS-positive patients but 
also for those with a monocytic compo
nent. 

Participating Members of the AML-BFM 
Study Group: A. Gnekow (Augsburg); 
G. F. Wundisch (Bayreuth), G. Henze 
(Berlin); U. Bode (Bonn); H.-J. Spaar, 
P. Lieber (Bremen); W Andler, I. Meyer 
(Datteln); U. Gobel, H. Jurgens (Dussel
dorf); W Havers, B. Stollmann-Gibbels 
(Essen); J.-D. Beck (Erlangen); B. Korn-
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Modified REZ BFM 87 Protocol in Relapsed Childhood ALL: 
A Preliminary Report 

T. Urasinski, 1. Peregud-Pogorzelski, and A. Brodkiewicz 

Introduction 

As reported elsewhere, treatment results in 
childhood acute lymphoblastic leukemia 
(ALL) achieved in our institution are still 
unsatisfactory (T. Urasinski and 1. Pogo
razelski, unpublished data). After the 
median follow-up time of 33 months the 
probability of event-free survival (P-EFS) is 
0.429 and relapses are the main reason for 
treatment failures. Thus the problem of 
relapsed ALL is of vital importance for us. 

The outcome for children with relapsed 
ALL has remained very poor [1, 2]. Bone 
marrow transplantation can be a curative 
procedure for selected patients only and in 
some cases is connected with long-term 
effects [3]. It has been proven during the last 
decade that intensive chemotherapy, contain
ing non-cross-reacting agents, can offer the 
chance of prolonged second remission and it 
seems that the best results have been 
achieved by the BFM Group [4, 5]. 

This report summarizes our preliminary 
experiences with the use of the modified 
REZ BFM 87 protocol. The original proto
col was kindly provided by Prof. G. Henze 
[6]. 

Patients and Method 

The study comprised 12 children with ALL, 
who relapsed between December 1987 and 

First Pediatric Department, Pomeranian Medical 
Academy, ul. Unii Lubelskiej 1,71-344 Szczecin, 
Poland 

October 1989. These were eight boys and 
four girls aged 50-113 months (median 75 
months). All children had been previously 
treated using the BFM 79 protocol, modif
ied by the Polish Leukemia Study Group. 
All patients suffered from late relapses (as 
defined by the BFM Study), after remission 
lasting from 9 to 38 months (median, 29 
months). Nine of the children were still on 
treatment, while three relapsed after treat
ment cessation. There were ten isolated 
(five bone marrow, four eNS and one 
testicular) and two combined (bone marrow 
plus testicular) relapses. 

All patients were treated using the mod
ified REZ BFM 87 protocol. The protocol's 
modification comprised a twofold dose 
reduction of MTX. Details of the treatment 
are given in Fig. 1). Treatment results were 
evaluated using the Kaplan-Meyer method. 
The minimum follow-up time was 12 
months. 

Results 

Two patients did not achieve remission and 
died 1 and 2 months from diagnosis. One 
patient died in remission from massive 
gastrointestinal bleeding. Five patients 
relapsed after remission lasting 2-21 
months. Only four patients remain in 
second remission 11,11,24, and 25 months 
respectively. Among those who relapsed 
there were four isolated recurrences in bone 
marrow and one combined bone marrow 
and testicular relapse. The probability of 
event-free survival (P-EFS) was 0.250 and 
the probability of survival (P-S) was 0.333. 
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Fig. 1. BFM REZ 87 modified protocol 

Treatment results are given in Figs. 2 and 
3. 

Discussion 

Different mechanisms responsible for re
lapses of acute lymphoblastic leukemia and 
implications for their treatment were dis
cussed by Henze et al. [5]. These include the 
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necessity of local plus systemic therapy, 
high-dose rapid altering therapy with new 
drugs incorporated and prolonged intensive 
therapy. Protocols designed in this fashion 
are more successful but are also more 
myelotoxic and severe infections due to 
granulocytopenia are the major cause of 
death in leukemic patients [5, 7]. Having no 
experience in such aggressive chemothera
py and taking into consideration the fact 
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that infections in children with acute lym
phoblastic leukemia are still difficult to 
manage in our institution, we decided to 
modify the REZ BFM 87 protocol by 
reducing the dose of intravenous metho
trexate, but maintaining the schedule and 
dosage of other agents. The group studied 
comprised patients with late relapses only, 
occurring later than 6 months after the end 
of initial treatment. Our awareness of side 
effects of methotrexate was supported by 
data from the literature; methotrexate at 
higher dosage is known to cause bone 
marrow depression and its associated con
sequences [8]. 

Because of the dosage of methotrexate 
used in this study our results could be 
compared to those of the REZ BFM 83 
protocol for late relapses [5]. The p-EFS for 
patients followed-up for 3 years was 0.640 
compared to 0.250 achieved in our group 
with much shorter observation. Keeping in 
mind that treatment results of newly diag
nosed ALL achieved by the BFM Group 
are also much better, this may support the 
opinion of Rivera et al. that among children 
who do not have access to large treatment 
centers and who are treated in suboptimal 
conditions the proportion of failures may be 
higher [9]. Our results are also much worse 
than those presented in REZ BFM 85 
preliminary reports [10, 11]. Interestingly, 
in opposition to this observation we have 
not seen any CNS relapses in our patients. 
We suspect that the dose of methotrexate, 
0.5 g/m2 in 24 h infusion, is not sufficient to 
control bone marrow disease, thus masking 
the problem of CNS involvement. We also 
think that twofold reduction of the metho
trexate dosage resulted in our poor treat
ment results of relapsed ALL. We have thus 
decided that in these cases the REZ BFM 
87 protocol should be properly followed 
with strict prophylaxis of infections. 
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Platelet Transfusion in Patients with Bone Marrow Aplasia 

V Weisbach, J. Zingsem, T. Zeiler, H. G. Heuft, H. Baurmann and R. Eckstein 

Introduction 

Thrombocytopenia and the necessity of 
platelet transfusions for prevention of 
hemorrhagic complications present major 
problems in the management of patients 
with bone marrow aplasia (e.g., during 
multiple chemotherapy or bone marrow 
transplantation). The avoidance of HLA 
immunization with possibly resulting plate
let transfusion refractoriness is of particular 
importance. We report the results of our 
transfusion strategy in patients with bone 
marrow aplasia with special respect to this 
problem. 

Materials and Methods 

Our transfusion strategy for preventing 
HLA immunization consists of the exclu
sive transfusion of filtered/leukocyte-poor 
packed red cell concentrates, prophylactic 
transfusion of HLA-A,B-matched single 
donor platelet concentrates (PC) at a 
thrombocyte count of less than 20000/lll 
and therapeutic platelet transfusions in dis
seminated intravascular coagulation or 
acute bleeding. 

Single donor platelet concentrates (PC) 
were prepared by different cell separators 
(Haemonetics V50, Cobe Spectra, Frese
nius AS 104 OR Fenwal CS 3000). We report 

Blutbank, Abteilung Innere Medizin und Poli
klinik m. S. Hamatologie und Onkologie, Uni
versitatsklinikum Rudolf Virchow, Standort 
Charlottenburg, Freie Universitat Berlin, Span
dauer Damm 130, 1000 Berlin 19, FRG 

data concerning 1016 platelet transfusions 
in 144 hematologic patients, receiving 1-37 
HLA-A,B-Matched single donor Pc. Post
transfusion response was analyzed calculat
ing the corrected count increment (CCI) 1 
and 16-24 h posttransfusion according to 
the following formula: CCI 

Absolute increment x 
body surface area 

Number of transfused 
platelets x 1011 

Crossmatching was done by the lymphocy
totoxicity test (LCT). 

Results 

A positive LCT predicted a significantly (p 
<0.01) lower platelet increment 1 h after 
transfusion (Table 1). Thirty-three out of 
144 patients, i.e., 23 % of the patients 

Table 1. Predictive value of a positive cross
match in LCT for success of platelet transfusions 
(CCI 1 and 16-24 h after transfusion) 

LCf 
Positive (n=51) 

Negative (n=487) 

CCI after 
1 h 

SD 

CCI after 
16-24 h 

SD 

8100 9400 6100 9400 

p <0.01 n.s. 

13 300 14900 8200 10 300 
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studied, developed HLA antibodies, only 
14 of them becoming refractory to platelet 
transfusions (a patient is designated refrac
tory when three consecutive transfusions 
resulted in a I-h CCI <4500 in the absence 
of clinical factors impairing the increment 
(i.e., septicemia, DIC, surgery) [1,2]. 

Discussion 

The significantly reduced CCI 1 h after 
platelet transfusion associated with a posi
tive crossmatch corroborates the well
known major role of lymphocytotoxic anti
bodies and of LCT in platelet transfusion 
practice. In our opinion the number of 
refractory patients according to the given 
definition is of as doubtful value as the 
definition itself. Only a small group of 
patients are without any clinical factor 
impairing platelet increment and very few 
patients will not develop clinical problems 
after several platelet transfusions followed 
by small increments. The incidence of HLA 
antibodies in our patients (23 %), exclu
sively supported with HLA-A,B-matched 
PC, seems to be low compared to HLA 
antibody incidences of 40 % -50 % in 
patients with acute leukemia receiving ran
dom pooled/random single donor PC, as 
reported in the literature [3-5]. We there-
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fore feel encouraged to continue the devel
opment of our transfusion concept. 
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Renal Failure in Acute Leukemia: 
Incidence, Cause and Clinical Outcome 

R. Munker1.2, U. Mann!, U. Jehn!, R. Baumgart!, and H. 1. Kolb1•2 

Introduction 

Renal failure is one possible complication 
of acute leukemia [1, 4], especially in 
children with acute lymphoblastic leukemia 
[9]. In adults, no exact data with regard to 
its incidence, pathogenesis and clinical 
implications exist; therefore we studied 
these parameters in an unselected group of 
patients who were treated by chemotherapy 
or bone marrow transplantation. 

Material and Methods 

We reviewed the records of 220 consecutive 
patients who were treated at our center 
between January 1985 and August 1989 
with either chemotherapy (166 patients) or 
bone marrow transplantation (54 patients). 
Cast follow-up was July 1990. Diagnosis of 
acute leukemia was established with stand
ard methods. Refractory leukemia was 
diagnosed when 2 months of standard che
motherapy failed to induce remission. 
Three categories of renal impairment in 
acute leukemia were distinguished: 
1. Acute renal failure requiring hemodialy

sis (ARF) 
2. Moderate renal impairment (serum 

creatinine ::::::2 mg/dl) 
3. Minor renal impairment (serum creatin

ine ::::::1.4 <2 mg/dl) 

I Medizinische Klinik III, Universitatsklinikum 
GroBhadern, 8000 Munich 70, FRG 
2 GSF Institut fUr Klinische Hamatologie, Mar
chioninistr. 15, 8000 Munich 70, FRG 

Renal failure occurring as part of multi
organ failure within 7 days before death 
was excluded from analysis. For statistical 
comparison the groups were analyzed by 
the t test, and survival was calculated by 
Kaplan-Meier analysis. 

Results 

Patients Treated with Chemotherapy 

At diagnosis, 2/166 patients presented with 
ARF, 6/166 patients with a moderate and 
291166 patients with a minor impairment of 
renal function. During the later course of 
disease ARF occurred in seven patients and 
moderate and minor complications in seven 
patients and moderate and minor complica
tions in 10 and 16/166 patients. In summary, 
22.3 % of the patients had an impaired renal 
function at diagnosis and 19.9 % during the 
later course of disease. Combining these 
data, at least 67 complications occurred in 
57 patiens (34.3 %). Statistically, only few 
correlations were found with the type of 
leukemia (see Table 1). Several risk factors 
for renal complications were identified: 
Patients with a history of kidney disease 
(chronic pyelonephritis, nephrolithiasis, 
hydronephrosis, etc.) more often had renal 
complications at diagnosis (50 % vs. 18 %, 
p <1 %) and during the later course (45 % 
vs. 16 % ,p < 1 %). Patients with refractory 
leukemia more often had renal complica
tions at diagnosis compared to patients who 
reached complete remission (37 % vs. 
16 %, p <1 %). Further risk factors for 
complications at diagnosis were (see Table 
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Table 1. Incidence of renal complications in acute leukemia 

Type/Subtype At diagnosis 

AML n=126 

Smoldering n=14 
FAB-M1 n= 8 
FAB-M2 n=20 
FAB-M3 n=18 
FAB-M4 n=38 
FAB-M5 n=24 
FABM617 n= 4 

ALLIAUL n=40 

c-ALL n=20 
T-ALL n=l1 
B-ALL n= 5 
AUL n= 4 

21.4% 

0 %a 
12.5% 
25 % 
38.9% 
18.4% 
29.2% 
0 % 

25 % 

15.0% 
18.2% 
40 % 
75 %a 

During treatment! 
beyond 

19.8% 

21.4% 
o % 

25 % 
27.8% 
18.4% 
20.8% 
o % 

20.0% 

20.0% 
27.3% 
20 % 
o % 

No significant difference between types of leukemia 
a Borderline decreased/increased incidence (p <5 % ) 

Table 2. Risk factors for renal complications in acute leukemia 

At diagnosis Later 
Impaired renal function Yes No Yes No 

Mean WBe (g/l) 119 35*** 49 58a 
Mean age (years) 59.7 50.2* 56.0 51.5a 
Male sex (%) 81 43** 64 49a 

Significant differences: +++ p <0.01 %, ++ p <0.1 %, * p <1 % 
a No significant differences 

2): initial WBC, age, male sex. Complica
tions at diagnosis predisposed the patients 
for later complications (data not shown). 
Among the causes of renal impairment at 
diagnosis paraneoplastic mechanisms 
ranged first (leukostasis or renal infiltra
tion, tubular damage by myoglobin, urates 
or lysozyme). During the later course sep
ticemias or antibiotic/antimycotic treat
ment were major causes. No tumor lysis 
syndrome or direct renal toxicity of cyto
static drugs was observed. During the ter
minal phase renal failure was part of mul
tiorgan failure in 44/135 patients (33 %). At 
autopsy renal infiltration was recognized in 
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5/14 patients (36 %). When patients with 
renal complications (any degree) are com
pared at diagnosis with patients without 
renal failure, no significant difference of 
survival was found (see Fig. 1). It should be 
noted, however, that both patients with 
ARF at diagnosis died within 1 month. 
During the later course of disease with 
more severe and fewer minor complications 
the presence of renal impairment predicted 
shortened survival (see Fig. 2). Among the 
166 patients reviewed, 3 had a coincident 
urothelic cancer and one an advanced pros
tatic cancer. 
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Fig. 1. Survival of patients with renal complications (any degree) at diagnosis (A) compared to 
patients with no complications (8) 

complications (8) 
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Fig. 2. Survival of patients with renal complications (any degree) during later course of disease (A) 
compared to patients with no complications (8) 

Patients Treated with Bone Marrow 
Transplantation 

Among the 54 patients studied, 1 had a 
moderate and 5 a minor impairment of 

renal function before transplantation. Dur
ing conditioning until day 100 after trans
plantation, four patients had ARF, 6 a 
major and 13 a minor complication (total 
incidence, 42.6 %). The only risk factor 
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Table 3. Risk factors for renal complications during initial period after bone marrow transplanta
tion 

Parameter 

Allogenic n=44 
Autologous n=lO 

Stable remission n=38 
Refractory n=16 

ALLIAUL n=14 
AML n=40 

Renal history n= 9 
No history n=45 

predicting renal complications was an allo
genic compared to an autologous trans
plant, whereas no correlations existed for 
age, sex, ALLIAUL vs. AML, refractory 
leukemia vs. stable remission, and renal 
history vs. no history (see Table 3). Of the 
causes of renal complications until day 100, 
infections and treatment with antimycotics 
or antibiotics and cyclosporininduced toxi
cities figure first with about 30 % each. Two 
patients had a severe hemolytic uremic 

% 

0.75 

0.5 

0.25 

o 
o 10 20 30 40 50 

Incidence of complications 

50% 
10% p 

<5% 

50% 
25% n.s. 

50% 
40% n.s. 

22% 
47% n.s. 

syndrome. The survival of patients suffering 
from renal complications until day 100 after 
bone marrow transplantation was not dif
ferent from patients without renal compli
cations (see Kaplan-Meier plot in Fig. 3). 
Again the prognosis of patients who devel
oped ARF was poor: the four patients 
observed died within 0 and 2 months. 
Beyond day 100 after bone marrow trans
plantation, 8 out of 45 patients had renal 
complications (17.8%). If early and late 
complications are combined, 30 out of 56 
patients had 46 episodes of impaired renal 
function. 

Summary and Conclusions 

Our study shows that the overall incidence 
of renal impairment in acute leukemia is 

60 70 months 

Fig. 3. Survival of patients with renal complications (any degree) during initial phase after BMT (A) 
compared to patients with no complications (B) 
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more common than previously recognized: 
about 20 % -30 % of patients have some 
degree of renal impairment. Late but not 
early complications predict survival. Risk 
factors for early complications are leuko
cyte counts, a history of kidney disease, 
refractory leukemia, age and male sex. 
Some [3, 8] but not all [5, 6] earlier studies 
characterized renal impairment as an 
adverse prognostic factor. The majority of 
early complications are related to a preex
isting impairment of renal function or are 
paraneoplastic. Since the prognosis of 
untreated leukemia is very poor, the cyto
static treatment should not be delayed in 
the context of decreased renal function. 
Among all groups of patients, acute renal 
failure has a short survival; therefore the 
prevention of renal complications is most 
important. After bone marrow transplanta
tion, renal impairment occurs in more than 
40 % of the patients investigated, particu
larly in allogeneic transplants. Earlier stud
ies mentioned the importance of cyclospor
in toxicity and microangiopathy after bone 
marrow transplantation [2, 7]. However, 
when cases of acute renal failure are 
excepted and if toxicities are carefully mon
itored, a decrease of renal function has no 
impact on survival. 
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Post Remission Therapy 



Marrow Transplantation in Patients with Acute Myeloid 
Leukemia in First Remission, First Relapse or Second 
Remission* 

R. A. Clift, C. D. Buckner, F. R. Appelbaum, and F. B. Petersen for the Seattle 
Marrow Transplant Team 

Allogeneic marrow transplantation from 
lILA-identical siblings for patients with 
acute myeloid leukemia (AML) in first 
remission results in approximately 50 % 
survival. Data reported by the Seattle team 
and the International Bone Marrow Trans
plant Registry indicate that most transplant 
regimens are associated with a 30 % proba
bility of transplant-related deaths, a 20 % 
probability of relapse and 50 % long-term 
survival [1, 2]. Most patients with AML in 
first remission have received unmodified 
allogeneic marrow after preparation with a 
regimen of cyclophosphamide (CY) plus 
total body irradiation (TBI). Many ap
proaches have been investigated in an 
attempt to improve these results. 

One approach has been to substitute BU 
for TBI. The Johns Hopkins marrow trans
plant team originally reported results with a 
regimen of BU 16 mg/kg followed by CY 
200 mg/kg and recently reported a survival 
of 64 % in 22 patients transplanted for AML 
in first remission [3]. Tutschka et al. [4] 
suggest that the BU/CY regimen is less toxic 
and just as effective if the CY dose is 
reduced to 120 mg/kg following BU 16 
mg/kg. Other agents such as melphalan 
have been substituted for CY followed by 
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09515 awarded by the National Cancer Institute, 
DHHS. 

The Fred Hutchinson Cancer Research Center, 
Veterans Administration Medical Center and the 
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TBI without apparent benefit [5]. TBI fol
lowed by high-dose etoposide appears to be 
an effective combination in patients trans
planted for AML [6]. 

Another approach has been to decrease 
transplant-related morbidity by reducing 
the incidence and severity of graft-versus
host disease (GVHD). T-cell depletion of 
donor marrow decreases the incidence and 
severity of acute GVHD, but has been 
associated with an increased rate of graft 
failure and relapse, resulting in no improve
ment in survival [7, 8]. Similarly, when 
cyclosporine (CSP) and methotrexate 
(MTX) were used in combination for pro
phylaxis of GVHD the incidence and se
verity of acute GVHD were markedly 
reduced but the probability of relapse dou
bled, negating any benefit on survival [1, 9]. 
The observation that elimination of GVHD 
led to an increased incidence of relapse has 
centered attention on the need for more 
effective preparative regimens. For patients 
with AML in first remission receiving MTX 
plus CSp, the increase in relapse rate asso
ciated with improved GVHD control was 
prevented by increasing the dose of TBI 
from 12.0 Gy to 15.75 Gy [9]. However, a 
consequence of the higher TBI dose was an 
increase in transplant-related deaths. 

Many patients with AML have been 
transplanted in first relapse. Previous ana
lyses have indicated that for patients not 
transplanted while in first remission this is 
the optimal time for transplant [1, 10]. It is 
important that studies of transplantation 
for patients in first relapse exclude patients 
who have received therapy aimed at achiev
ing another remission because such therapy 

511 



will remove from consideration those 
patients who achieve second remission and 
thereby increase the proportion of patients 
with resistant disease. 

This report will consider recent Seattle 
experience in transplanting patients with 
AML in first remission, untreated first 
relapse or second remission. 

Transplants in First Remission 

Between April 1985 and September 1988, 
71 consecutive patients with AML in first 
remission were registered in a protocol for 
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A 

allogeneic marrow transplantation from 
HLA-identical siblings. All patients re
ceived CY 60 mg/kg intravenously on each 
of two successive days followed byTBI from 
opposing 6OCO sources at a dose rate of 6-7 
Cgy/min. Thirty-four patients were random
ized to receive 12.0 Gy TBI in 2.0-Gy daily 
fractions for 6 days, and 37 patients were 
randomized to receive 15.75 GyTBI admin
istered as 2.25-Gy fractions daily for 7 days. 
All patients received GVHD prophylaxis 
with a combination of MTX and CSP. 

The probabilities of relapse, nonrelapse 
mortality, and relapse - free survival for 
both groups of patients are presented in 
Figs. 1-3. The probability of developing 
moderate to severe acute GVHD was 0.21 
for the 12.0 Gy group and 0.48 for the 15.75 
Gy group (p=0.02). Patients in the 15.75 
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Fig. 1. The probability of relapse for patients randomized to receive 12.0 Gy fractionated TBI versus 
15.75 Gy fractionated TBI (p= .06). Patients with AML transplanted in first remission 
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Fig. 2. Patients with AML transplanted in first remission. The probability of posttransplant death 
from Causes other than relapse in patients randomized to receive 12.0 Gy fractionated TBI versus 15.75 
Gy fractionated TBI (p=.04) 
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Fig. 3. Patients with AML transplanted in first remission. The probability of relapse-free survival after 
transplantation for patients randomized to receive 12.0 Gy fractionated TBI versus 15.75 Gy 
fractionated TBI 

Gy group received less of the prescribed 
MTX and CSP than patients in the 12.0 Gy 
group, presumably as a consequence of 
toxicity from the irradiation schedule. It is 
possible that the increase in risk of devel
oping serious acute GVHD in the 15.75 Gy 
group resulted from this reduced prophy
laxis. Alternatively, increased tissue da
mage from the higher dose ofTBI may have 
predisposed to GVHD or enhanced the 
clinical manifestations of acute GVHD. 

Seventeen patients in the 12.0 Gy group 
and 12 in the 15.75 Gy group received 100 % 
of the prescribed MTX and more than 80 % 
of the prescribed CSP during the first 28 
days posttransplant. Only one of these 
patients developed significant acute 
GVHD (grade 2) but clinical extensive 
chronic GVHD occurred in eight (six in the 
12.0 Gy group and two in the 15.75 Gy 
group). Among these 29 patients there were 
6 relapses and 5 deaths (all in relapsed 
patients) in the 17 patients of the 12.0 Gy 
group, and no relapses or deaths in the 12 
patients who received 15.75 Gy. This pat
tern suggests that the additional 3.75 Gy of 
TBI had a significant antileukemic effect 
independent of the development of G VHD. 
However, the decrease in relapse rate fol
lowing 15.75 Gy TBI was offset by an 
increase in transplant-related deaths, which 
were almost all . associated with acute 

GVHD. There was neither transplant
related mortality nor acute GVHD in the 
patients who received GVHD prophylaxis 
as prescribed. Thus the increased mortality 
associated with increased exposure to TBI 
was in part a consequence of increased 
acute GVHD in patients whose GVHD 
prophylaxis was inhibited by TBI-induced 
tissue damage. 

Transplants in Untreated First Relapse 

From 1975 through 1988, 98 patients 
received marrow transplants from HLA 
identical siblings while in untreated first 
relapse using a variety of regimens. Three 
regimens involved enough patients to per
mit useful comparison of outcome. In all 
three regimens CY 60 mg/kg was given on 
each of two successive days before TBI. 
Nineteen patients received 12.0 Gy TBI 
given as six daily fractions, followed by a 
combination of MTX and CSP. Twenty-two 
patients received 15.75 Gy TBI given in 
2.25-Gy daily fractions followed by MTX 
and CSP. Twenty-nine patients received 
15.75 Gy TBI but the GVHD prophylaxis 
was with MTX only. The probabilities of 
relapse, transplant-related mortality and 
survival are shown in Figs. 4-6. Patients 
who received 15.75 Gy TBI followed by 
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Fig. 4. The probability of posttransplant relapse in patients with AML transplanted in untreated first 
relapse 
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Fig. S. The probability of posttransplant death from causes other than relapse in patients with AML 
transplanted in untreated first relapse 
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Fig. 6. The probability of relapse-free survival after transplantation for AML in untreated first 
relapse 
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MTX without CSP had a transplant-related 
mortality of 40 % during the first 100 days 
posttransplant, but this regimen was asso
ciated with the best disease-free survival 
due to a relatively low probability of 
relapse. 

Transplants in Second Remission 

Between April 1985 and July 1990, 13 
patients with AML in second remission 
have been transplanted using a variety of 
regimens and unmodified marrow. Figure 7 
depicts the probabilities of survival and 
relapse for these patients. 
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Influence of Phase 

Figure 8 presents the relapse-free survival 
of patients transplanted in the three phases 
considered here. It is clear that there is no 
advantage to transplantation in second 
remission rather than first relapse. Only a 
minority of relapsed patients will achieve 
second remissions sufficiently durable to 
enter the transplantation procedure in good 
clinical condition and very few will achieve 
prolonged disease-free survival without 
transplantation. The posttransplant survival 
probability for second remission patients is 
disappointingly small and the relapse prob
ability is high. However, Fig. 4 shows that 
patients transplanted in untreated first 
relapse using certain regimens do no better 
and the effect of regimen on the results of 
transplantation in second remission has 
been inadequately explored. 

RELAPSE 

RELAPSE-FREE SURVIVAL 

2 3 4 5 6 Years 

Fig. 7. The probabilities of posttransplant relapse and relapse-free survival for patients with AML 
transplanted in second remission transplanted between April 1985 and July 1990 
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Fig. 8. The probability of relapse-free survival for patients with AML transplanted in first or second 
remission between April 1985 and July 1990 or in untreated first relapse using a regimen ofCY + 15.75 
Gy fractionated TBI + MTX 
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The disease-free survival after transplan
tation in first relapse is clearly worse than 
after transplantation in first remission. 
When the patients treated with the same 
regimen (15.75 GyTBI + MTX + CSP) are 
compared, there is no difference in the 
nonrelapse mortality and the difference in 
relapse-free survival is a consequence of a 
higher probability of relapse in the patients 
transplanted in first relapse than in those 
transplanted in first remission. This 
increased relapse probability can be over
come by changing the GVHD prophylaxis 
in the patients transplanted in relapse. 
Although this results in a higher nonrelapse 
mortality, the overall disease-free survival is 
improved. 

None of this experience permits conclu
sions which can be applied with confidence 
to the design of timing strategies for trans
plantation in patients with AML. This top
ic, of course, assumes more importance as 
cure by chemotherapy becomes more than a 
theoretical possibility. A strategy of delay
ing transplantation until patients relapse 
avoids the need to assess the prospects of 
primary cure. Figure 9 compares the results 
of transplantation in first remission with the 
projected results of delaying transplanta
tion until first relapse. It uses the first 
remission duration statistics generated by 
the AML Coop Group Study (BMFT)[ll] 
and the disease-free posttransplant survival 

S 
0.8 

statistics for patients transplanted in first 
relapse in Seattle. The model demonstrates 
that there is very little difference in disease
free survival between the two options. 
However, the strategy of delay has never 
been tested in a clinical study, and there are 
many reasons why the practical outcome of 
a strategy of delay might be disappointing. 
The most important of these is the need to 
undertake transplantation soon after the 
discovery of relapse. 

It is likely that the results of marrow 
transplantation of patients with AML are 
heavily influenced by the induction regimen 
used to procure and maintain remission. 
The optimal initial induction regimen may 
be different for patients with potential 
donors than for those who have no possibil
ity of transplantation. The design of treat
ment for patients with suitable marrow 
donors should begin with the selection of 
this initial induction regimen. 

The possibilities for studying strategies 
for the incorporation of transplantation 
into the treatment of patients with AML 
are limited mainly by the number of 
patients available for study. The full testing 
of design strategies which start at the time 
of diagnosis will probably require an inter
national cooperative study. Cooperative 
studies even within one country contain so 
much experimental noise that it is difficult 
to believe that we shall soon see productive 
international studies addressing complex 
problems. However, it is clear that even a 
small improvement in relapse-free survival 
after initial induction will add great urgency 
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Fig. 9. The probability of relapse-free survival for patients with AML. The First Remission patients 
were transplanted between April 1985 and July 1990. The Chemotherapy Only curve was constructed 
from the statistics of the AML Coop Group Study (BMFT) [11], and the statistics for the Rescue in 
first Relapse curve was calculated from the Chemotherapy only curve with modification for the effects 
of rescue using a regimen of CY + 15.75 Gy TBI + MTX 
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to the need to determine the best timing for 
intervention by marrow transplantation. 
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Possible Effect of Autologous Blood Stem Cell Transplantation 
on Outcome of Acute Myeloid Leukemia in First Relapse 

J. Reiffers, G. Marit, P. Cony-Makhoul, C. Faberes, P. Fernandez, and A. Broustet 

Introduction 

Despite recent progress in the treatment of 
acute myelogenous leukemia (AML), most 
patients who achieve complete remission 
(CR) relapse within 2 years following induc
tion chemotherapy. In some of these latter 
patients (40 % -70 % ), especially when the 
duration of first complete remission has 
been longer than 18 months, a second 
complete remission may be obtained using 
different salvage chemotherapeutic regi
mens. High-dose cytosine arabinoside (HD 
ARA-C) either alone or in combination 
with other drugs such as intercalating 
agents are commonly used in such situa
tions. Once a second CR is achieved, its 
duration is usually short and does not 
exceed 1 year in most patients. 

Allogeneic bone marrow transplantation 
(AlloBMT), when performed in patients 
with AML in second CR, may produce 
25 % -40 % longterm survivors, which com
pares favorably with the results of chemo
therapy alone [2]. However, this technique, 
which is only applicable in young patients 
having an HLA-identical donor, can only 
be proposed in a minority of patients. 
Autologous bone marrow transplantation 
(AutoBMT) is an alternative treatment for 
these latter patients [3] and can be applied 
to a larger population of patients. Autolo
gous blood stem cell transplantation 
(ABSCT) has more recently been intro-

Department of Hematology and Bone Marrow 
Transplant Unit, CHR Bordeaux, Hopital Haut
Leveque, 33604 Pessac, France 
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duced and may be used instead of 
AutoBMT. The main advantage of ABSCT 
as opposed to ABMT is that ABSCT is 
associated with rapid engraftment, thus 
leading to a decrease in toxicity [10]. The 
aim of this study is to analyze the results of 
ABSCT in patients with AML in second CR 
and to evaluate its contribution to the 
prolongation of survival in the overall po
pulation of patients in first relapse. 

Patients and Methods 

Patients 

A total number of 62 patients (male = 33; 
female = 29) with AML in first relapse 
(blast cells > 20 %) were hospitalized to 
receive a second-line induction chemother
apy. The mean age of patients was 44.5 years 
(5-73 years). The mean duration of first CR 
was 21.5 months (1-98 months). The dura
tion of first CR was less than 6 months for 7 
patients and less than 18 months in 38 
patients. The FAB classification was as 
follows: M1 = 12, M2 = 12, M3 = 3; M4 = 
10, M5 = 17, others = 8. Twelve of these 
latter 62 patients who achieved a second CR 
underwent ABSCTand their characteristics 
are summarized in Table 1. 

Induction and Consolidation 
Chemotherapy 

Three different protocols were used. Forty
two patients received HD ARA-C (3 g/m2 x 
4 doses) and amsacrine (150 mg/m2 per day 



Table 1. Patient characteristics (ABSCT) 

Patients (male/female) 
Mean age (years) 
Duration of first CR (months) 
PBSC collection (CRlICR2) 
Conditioning regimens 

Busulfan + melphalan 
Cyclophosphamide 
(CYC) + TBI 
HD ARA-C + CYC + TBI 

4/8 
34.5 ± 14 
27.5 
4/8 
4 

6 

2 

x 5) as previously described [8]. Once a 
second CR was achieved the patients 
received consolidation therapy with the 
same drugs at lower doses (ARA-C, x 1 
g/m2 x 2; AMSA, x 100 mg/m2 per day x 
3). 

Thirteen other patients received a combi
nation of mitoxantrone (12 mg/m2/day x 5 
and VP-16 (80 mg/m2/day x 5, continuous 
infusion) [8]. The patients who responded 
were given consolidation therapy with the 
same drugs at lower doses. 

Finally, seven patients were treated 
according to the IDARUB-IDARAC pro
tocol [4]. 

Post Remission Treatment 

Twenty-one patients in second complete 
remission were designated to receive 
monthly courses of maintenance chemo
therapy using 6-thioguanine and ARA-C. 
The reasons for not transplanting these 
patients were as follows: age over 60 years, 
poor performance status, impaired cardiac 
function, previous transplantation in first 
CR, early relapse. Three other patients 
were allocated to receive AlloBMT from an 
HLA-identical (two cases) or haplo-identi
cal family donor (one patient). 

Twelve patients (Table 1) received 
ABSCT after different conditioning regi
mens: cyclophosphamide (120 mg/kg) + 
fractionated TBI (400 rads x 3) alone (six 
patients) or preceded by HD ARA-C (3 
g/m2 x 3) (two patients); and busulfan (4 
mg/kg per day x 4) combined with melphal
an (140 mg/m2) four patients). Following 
this conditioning regimen, the patients 
were infused with peripheral blood stem 

cells collected after induction or consolida
tion chemotherapy during first (four 
patients) or second CR (eight patients). No 
further antileukemic agents were adminis
tered after transplantation. 

Results 

Induction Chemotherapy 

Twenty-six patients (58 %) achieved a com
plete remission after 1 or 2 courses of 
induction chemotherapy, 4 patients died 
during treatment and 22 patients were non
responsive to chemotherapy. Four of these 
latter patients underwent ABSCT in resis
tant relapse but died early either from 
transplant-related toxicity or from leuke
mia. The CR rate was not influenced by the 
age or sex of patients, by the FAB morpho
logy or the initial WBC count. However, 
the CR rate was significantly higher for 
patients treated with HD ARA-C + AMSA 
(28/42; 67 %) or IDARUB-IDARAC (517; 
71 %) than for patients who received mito
xantrone + VP 16 (3/13; 23 %) (p <0.01). 
The CR rate was significantly influenced by 
the length of first remission: the CR rate 
was 31.5 % in patients (15/38) for whom the 
first CR was less than 18 months and 88 % in 
the other patients (21/24) (p <0.0005). 

Outcome 

The median duration of second remission 
for the 36 CR patients was 6 months. The 
actuarial proportion of patients surviving at 
2 years without recurrent leukemia was 
21 %. The duration of second remission was 
significantly longer (13 months) for patients 
in whom the first CR was longer than 18 
months than for the other patients (5 
months) (p <0.03). It was not influenced by 
the age or sex of patients or by the type of 
chemotherapy used for the induction treat
ment of first relapse. More surprisingly the 
outcome was not influenced by the treat
ment administered once a second CR was 
achieved: 
- For the 21 patients given chemotherapy, 

the median duration of second CR was 
very short (5 months) but the estimated 
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chance of surviving without disease at 2 
years was 31 %. 

- The three patients who underwent 
AlloBMT died from either transplant
related toxicity (two cases) or relapse 
(one case) 

- For the 12 patients who underwent 
ABSCT, one patient died from bleeding 
before platelet reconstitution [9]. Eight 
other patients had leukemic relapse, 
3-12 months after ABSCT (median = 8 
months). Finally only three patients are 
still alive, in second CR 8, 48 and 50 
months after ABSCT. For two of these 
latter patients. the duration of second 
CR was longer than the duration of their 
first remission. The estimated chance of 
surviving at 2 years was 19 % and not 
statistically different from that observed 
in the chemotherapy group. 

Discussion 

We have treated 62 AML patients in first 
relapse with three different chemothera
peutic regimens. Our results confirm that a 
high CR rate can be obtained in patients 
whose first remission duration lasted longer 
than 18 months [1, 6]. They also confirm 
that ID or HD ARA-C is able to overcome 
drug resistance [5]. However as we have 
previously reported [8]. we were unable to 
reproduce the results of Ho et al. [7] who 
documented the efficacy of the combina
tion of mitoxantrone and VP 16 as treat
ment for refractory or relapsed leukemia. 
The resistance of leukemic cells to these 
two drugs may be due to the same mecha
nism (multidrug resistance) and it may be 
hypothesized that the poor results were due 
to the expression of the mdr phenotype by 
the leukemic cells of the majority of 
patients treated with the combination of 
mitoxantrone and VP 16. 

The median duration of second remission 
was not different to that usually reported 
[6]. As reported elsewhere. it was 
influenced by the length of first remission 
[1]. The results for the 12 patients who 
underwent ABSCT did not differ signifi
cantly from those usually reported after 
ABMT [3]. As with ABMT, the results were 
similar when the hematopoietic stem cells 
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were collected in first or second CR. Thus, 
as for AML in first CR, ABSCTseems to be 
as effective as AutoBMT in maintaining 
remission and its major advantage over 
ABMT is the reduction in the duration of 
granulocytopenia [10]. 

The results of ABSCT, however, do not 
differ significantly from those obtained 
from patients given chemotherapy alone as 
maintenance treatment. Moreover, only 12 
of the 36 patients who achieved a second 
CR underwent ABSCT. Thus, it may be 
concluded that ABSCTdoes not significant
ly modify the outcome of patients in first 
relapse. 
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Therapy of Acute-Phase Chronic Myelogenous Leukemia with 
Intensive Chemotherapy, Blood Cell Autotransplantation and 
Cyclosporine A 

A. M. Carella 

Introduction 

Therapy of chronic myelogenous leukemia 
(CML) is unsatisfactory. The disease is 
characterized by two phases: a chronic 
phase lasting approximately 3 years and an 
acute phase lasting approximately 6 
months. All patients with CML in chronic 
phase survive sufficiently long to progress 
to acute phase. The annual rate of transfor
mation is approximately 25 %. No therapy 
convincingly prolongs the duration of the 
chronic phase. Therapy of acute phase is 
unsatisfactory with clinical remission rates 
of 25 %-30 % and a median survival of 
approximately 6 months [1-3]. 

In contrast to the usual fatal course of 
CML, persons receiving allogeneic bone 
marrow transplants achieve long-term dis
ease-free survival. Results are best in per
sons receiving allogeneic transplants in 
chronic phase where 5-year disease-free 
survival is approximately 50 %. Results of 
allogeneic transplants in persons in acute 
phase are inferior with about 15 % 5-year 
disease-free survival [4]. 

Autotransplants are also used in persons 
with CML [4]. Results in acute phase are 
disappointing with less than 5 % 5-year 
disease-free survival. Results of autotrans
plants in chronic phase are somewhat better 
but there are not yet sufficient data for 
critical analysis. 

Onchematologic and ABMT Unit, Division of 
Hematology II, Ospedale S. Martino,Via Acerbi 
10/22, 16148 Genoa, Italy 
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Recently we reported that persons with 
AP-CML treated with idarubicin, interme
diate-dose cytarabine and VP-16 may 
'achieve clinical remiSSIOns. In some 
instances, blood cells obtained from these 
persons immediately after recovery from 
marrow aplasia contain large numbers of 
myeloid progenitor cells which are Ph
negative. We wondered whether such cells 
could be used for autotransplants in persons 
in acute phase prepared for transplantation 
with high-dose therapy and total body 
radiation. 

Considerable data indicate that graft
versus-host disease (GvRD) is associated 
with a substantial antileukemic effect in 
animals and humans. Recently, use of 
cyclosporine A postautotransplant has 
been shown in rodents and humans to 
induce a syndrome resembling acute GvRD 
[5,6]. Consequently, we wondered whether 
adding cyclosporine A to the posttrans
plant therapy of our autotransplant reci
pients might not decrease the probability of 
leukemia recurrence. In this report we 
indicate the results of this approach in eight 
persons with AP-CML. 

Materials and Methods 

Patients and Therapy 

Eight consecutive patients with AP-CML 
entered the study between July 1989 and 
September 1990 (Table 1). Written in
formed consent was obtained from all sub
jects. Median age at the time of the auto
transplant was 40 years (range, 30-67 



years). Acute phase was characterized as 
myeloid in four subjects, erythroid in one, 
and lymphoid in three by standard criteria, 
including morphologic studies (generally, 
the presence of 30 % or more blasts in the 
marrow and blood), cytochemical reactions 
(peroxidase, specific and nonspecific ester
ases, Sudan black, and periodic acid-Schiff) 
and flow cytometry using a battery of 
monoclonal anti-bodies designed to detect 
either myeloid or lymphoid antigenic deter
minants [7]. 

Initial chemotherapy of acute phase con
sisted of idarubicin (6-8 mg/m2 per day for 5 
days intravenously), cytarabine (600-800 
mg/m2 per day for 5 days infused intrave
nously over 2 h), and VP-16 (150 mg/m2 for 
3 days infused intravenously over a period 
of 2 h). The drugs were given concurrently. 
Peripheral stem cells were collected follow
ing recovery from initial intensive chemo
therapy. Leukapheresis was initiated when 
the WBC reached 0.3-1 x 109 . Details of 
blood stem cell collection were reported [8]. 
Twenty-nine leukapheresis procedures 
were done in the eight patients (median, 
three per patient; range, to five on conse
cutive days. Procedures were completed in 
all cases. Nucleated cells collected varied 
between 0.5 and 0.8 x 109 kg body weight 
(median, 0.7 x 109). Autologous bone mar
row was harvested and treated "in vitro" 
with the ASTA-Z "adjusted-dose" tech
nique [9] only to be used if peripheral blood 
stem cells failed to engraft. The patients 
whose blood stem cell resulted Ph-negative 
after a single course of initial intensive 
chemotherapy were considered for an auto
transplant (Table 1, subjects 1, 3, 4, 5, and 
8). These subjects received VP-16 
(800 mg/m2 per day for two consecutive 
days, intravenously), cyclophosphamide 
(60 mg/kg per day for each of two consecu
tive days) followed by 10 Gy total body 
irradiation at a dose rate of 5-9 cGy/min. 
Within 24 h following radiation, the cryo
preserved blood cells were defrosted and 
reinfused intravenously. This is designated 
day o. 

Cyclosporine A at a dose of 1.5 mg/kg 
per day by continuous intravenous infusion 
was initiated on day+ 1 and continued for 4 
weeks. 

Cytogenetic Analyses 

Cytogenetic studies were done on peripher
al blood stem cells and on bone marrow 
using short-term (24-48 h) cultures without 
the addition of mitogens. Chromosomes 
were analyzed using G and Q techniques 
and classified according to ISCN [10]. 
Patients were studied at diagnosis of acute 
phase on BM and on peripheral blood stem 
cell collection after leukapheresis prior to 
autografting. Subsequently, cytogenetic 
evaluation was done on BM at 4, 12,20,28, 
36, and 44 weeks following autografting. At 
least 10-60 metaphases were examined 
in all cases on BM and on peripheral 
blood. 

Results 

Eight previously untreated patients in AP
CML have so far been treated with this 
intensive inductive regimen (Table 1). Five 
(62.5 %) out of eight patients achieved 
peripheral blood stem cell remission with 
100 % Ph-negative blood cells, disappea
rance of other cytogenetic abnormalities 
and negative PCR in one patient. The 
parallel evaluation of bone marrow demon
strated clinical and cytogenetic remission in 
two patients (Table 2, subjects 1,8) and a 
good response in two other patients (Ta
ble 2, subjects 3, 4). The five subjects with 
Ph-negative peripheral blood cells then 
received high-dose therapy followed by 
blood stem cell reinfusion. Three out of five 
subjects remain in clinical and cytogenetical 
remission 5, 9, and 15 months posttrans
plant. This is an interesting result, which 
may perhaps explain the good outcome of 
these patients, derived from PCR analysis 
performed on the leukapheresis cells from 
patient 4 (Table 1). The results of this 
analysis (the sensitivity of which may be 
estimated to range between 1 x 104 and 
1 x 105 cells) failed to show the presence of 
an amplification fragment of 273 bp (base 
pairs), corresponding to the presence of 
Ber-Abl hybrid transcripts with a junction 
between the "ber" region exon 3 and the 
Abl exon 2, which was the one expected on 
the basis of a PCR done on the patient cells 
before treatment. 
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Table 3. Therapy of acute phase CML with intensive chemotherapy, blood cell autotransplantation 
and cyclosporine A: an update of the genoa experience. 

No. Patients 
Blastic Phase (BP) 
BP "d'emblee" 
Chronic Phase (CP) 

Transplant Source 

Age 

BP: duration CP (median) 

CP: duration disease 

Early deaths 

Restore CP in BP patients 

BSC Ph-negative 
CBR (Ph-/PCR-) 
CR (Ph-) 
Mosaicism (Ph~/Ph+) 

Alive and well 

28 
25 

1 
2 

BSC 

16-67 

24 months (14-52) 

8, 12 months 

5 (all BP) 

13 (My:7; Ly:6) 

9(32.1%) 
3 (LyBP:l; MyBP:l; CP:l) 
6 
4 (CP:l; MyBP:3) 

4 (CP:2; MyBP:l; LyBP:l) 

BSC: Blood Stem Cell; CBR: Complete Biological Remission; CR: Complete Remission. 

A rash developed in four of five recipients 
posttransplant at a median of 13 days 
(range, 9~20 days). GVRO of the skin was 
confirmed by histological criteria in three 
patients [11, 12]. The rash resolved within 
1~2 weeks. There was no clinical or bio
chemical evidence of hepatic or gastrointes
tinal GVRO. All patients tolerated cyclos
porine A treatment without serious compli
cations. 

Discussion 

For patients with CML the only available 
chance of avoiding fatal blastic transforma
tion is the allogeneic BMT. This procedure 
is limited by age and the availability of an 
HLA-matched donor. For the patients 
without a matched RLA-compatible don
or, the outlook is less hopeful. Various 
methods are being utilized to prevent graft 
rejection and GvRO when mismatch trans
plants are performed but transplantation of 
mismatched marrow still has a high risk of 
failure and/or complications. Also the idea 
of possible donation of marrow through 
banks still remains very difficult. One pos
sibility of helping such patients might come 
from the development of a better treatment 
of Ap, which is able to induce a Ph-negative 
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remission. It has been known for some 
years that pluripotential hemopoietic stem 
cells capable of reconstituting hemopoiesis 
after "supralethal" myelo-ablative chemo
radiotherapy were present in the marrow 
and blood of untreated CML patients in 
greatly increased numbers. What was not so 
obvious until recently is the fact that Ph
negative hemopoietic stem cells persist 
intact possibly in normal concentrations, in 
the marrow of CML patients even though 
their presence is difficult to demonstrate 
[13]. The induction regimen employed by 
our team appears promising. The peripheral 
stem cells collected immediately after post
chemotherapeutic aplasia were Ph negative 
in five of eight patients. Moreover, even if 
only one case has been examined so far, the 
negative result of the PCR analysis per
formed on the cells derived from the leuka
ph ere sis of patient 4 is remarkable. This 
procedure is able to detect the presence of 
residual Ph-positive cells with a sensitivity 
of at least 1I104~ 1110" and therefore the 
chemotherapy regimen proposed has the 
potential to induce a very profound sup
pression of the Ph-positive clone in least 
some of the responsive patients. As sug
gested by a few investigators, the expansion 
of Ph-chromosome clone in CML might 
have a proliferative advantage over the 



proliferation of "putative" normal Ph-nega
tive hemopoietic stem cells, but this proli
ferative advantage might in certain circum
stances be reversible [14-17]. Although in 
most patients Ph-negative cells cannot be 
routinely identified, recent analysis of BM 
in patients undergoing chemotherapy has 
shown that a Ph-negative chromosomal 
status can be achieved [16-21] and further 
work is needed to evaluate the durability of 
such treatments. This suggests that treating 
patients before the onset of blastic transfor
mation with high-dosage chemoradiothera
py followed by autografting with hemato
poietic blood cells collected at diagnosis or, 
better, in the postaplastic phase after an 
intensive chemotherapy protocol, might 
facilitate the restoration of Ph-negative 
hematopoiesis. 

In the attempt to evaluate whether this 
theory could have a clinical application, we 
have treated eight patients with CML in BC 
and three of them are now Ph-negative alive 
and well. Further results are needed to 
prove the efficacy of the above treatment. 

Summary 

Eight patients with acute-phase chronic 
myelogenous leukemia (AP-CML) were 
treated with idarubicin, intermediate-dose 
cytarabine and etoposide. During recovery 
from bone marrow aplasia, when WBC 
reached 0.3-1 x 109, blood cells were col
lected by leukapheresis carried out two to 
five times (median, three) consecutively. In 
five to eight patients, these peripheral cells 
were Ph-negative on cytogenetic analysis. 
Moreover, in one case polymerase chain 
reaction (PCR) analysis performed to 
detect the presence of minimal residual 
disease in the cells collected by leukapher
esis was negative, further confirming that 
this approach may induce a very high 
degree of suppression of Ph-positive 
clones. 

After complete recovery, these five 
patients were subsequently treated with 
high-dose etopopside, cyclophosphamide, 
and total body radiation (10 Gy, single 
dose) followed by reinfusion of Ph-negative 
peripheral blood stem cells. All these 
patients received cyclosporine A post-auto-

transplant in an attempt to induce acute 
GVHD. Three out of five patients remained 
in clinical and cytogenetic remission 5-15 
months posttransplant. We conclude that 
Ph-negative peripheral blood stem cells can 
be recovered from patients with AP-CML 
and used successfully to restore Ph-negative 
hemopoiesis after high-dose therapy. 
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Allogeneic Bone Marrow Transplantation in Patients with Acute 
Leukemia with More Advanced Disease* 

R. Arnold, D. Bunjes, B. Hertenstein, D. Hueske, M. Theobald, M. Weiss, 
M. Wiesneth, and H. Heimpel 

Introduction 

After first relapse disease-free survival 
(DFS) is poor for patients with acute leu
kemia treated with chemotherapy alone. 
Chemotherapy studies revealed a long-term 
disease-free survival below 5 % for patients 
with acute myeloid leukemia (AML) [1] 
and with acute lymphoblastic leukemia 
(ALLIAUL) (D. Hoelzer, personal commu
nication). When a MHC (major histocom
patibility complex) compatible bone mar
row donor exists, the indication for bone 
marrow transplantation (BMT) is given. 
The following data represent the results of 
BMT in patients with acute leukemia 
beyond first remission transplanted be
tween 1975 and 1990 at the University of 
Ulm. 

Patients 

Forty-four adult patients with acute leu
kemia were transplanted beyond first rem
ission. The median age was 29 years (15-50 
years) for the whole group. For AML 
patients the median age was 36 years (24-50 
years) and for ALLIAUL patients 21 years 
(15-48 years). There were 25 males and 19 
females. Nineteen out of 44 patients had 
AML and the stage of disease at BMT was 
as follows: second CR n=9; third CR 11=2; 

* This work was supported by Deutsche Krebs
hilfe, M 71-90-HE7. 
Departments of Internal Medicine III and Trans
fusion Medicine, University of Ulm, Robert
Koch-Str. 8, W-7900 Ulm, FRG 

first PR n=2; second PR n=1, first relapse 
n=3, third relapse n=1, refractory disease 
n=1. Twenty-five out of 44 patients had 
ALLIAUL and the stage of disease at BMT 
was as follows: second CR n=12, third CR 
n=1, fourth CR n=1, second PR n=1, first 
relapse n=2, second relapse n=7, third 
relapse n=1. When remission could be 
achieved, patients were transplanted as 
soon as possible. The median time between 
complete remission (CR) and BMT was 30 
days (18-135 days) for AML patients and 
44 days (10-106 days) for ALLIAUL 
patients. 

Bone Marrow Transplantation 

Conditioning Regimens 

Most of the patients received VP-16 (60 
mg/kg) and total body irradiation (TBI) 
(n=17) or cyclophosphamide and TBI 
(n=15). In nine patients Ara-C and VP-16 
were given in addition to cyclophosphamide 
and TBI. Three patients received chemo
conditioning only (busulfan/cyclophos
phamide). The conditioning regimens were 
not different between AML or ALLIAUL 
patients. 

Bone Marrow Donors 

Thirty-five out of 44 patients were trans
planted from an HLA-identical, MLC
negative sibling donor. Two patients had an 
identical twin donor. Seven patients were 
transplanted from a haploidentical family 
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member (parents n=5, sibling n=l, cousin Table 1. Results of allogeneic BMT in more 
n=I). advanced leukemia 

GvHD Prophylaxis 

In 42/44 patients prophylaxis for prevention 
of graft versus host disease (GvHD) was 
given. Seventeen patients received metho
trexate/cyc1osporin A, six patients MTX 
alone, and two patients CSA alone. Seven
teen patients received aT-cell-depleted 
bone marrow transplant. 

Results 

Twelve of 44 patients remain in complete 
remission after BMT with a median follow
up of 52 months (3-100 months). Eighteen 
out of 44 patients relapsed after BMT and 
are dead. Fourteen out of 44 patients died 
due to transplant-related death, mainly 
infections (Table 1). The probability of dis
ease-free survival is 18 % for AML patients 
(Fig. 1) and 29 % for ALLIAUL patients 
(Fig. 2). 
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1. AML Patients (n) 19 

Alive in CR 4/19 
Dead 15/19 

Transplant related 5/15 
Relapse 10/15 

Median survival 107 days 
after BMT 
Time of relapse median 100 days 

(40-513 days) 
after BMT 

2. ALLIAUL patients (n) 25 
Alive in CR 8/25 
Dead 17/25 

Transplant related 9/17 
Relapse 8118 

Median survival after BMT: 140 days 
Time of relapse: median 84 days (11-259 days) 
after BMT 

Analysis of Risk Factors for Relapse 
After BMT 

Duration of First Remission 

The duration of first CR was short for the 
whole group. In AML patients the median 

1- 1- 1 

· . · . 

· . · . 

· . · . 

1750.0 2333.3 2916.7 3500.0 
Su r V i val Ti rne 

Fig. 1. Probability of disease-free survival for AML patients 
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duration of first CR was 103 days for 
patients who relapsed after BMT vs. 165 
days for patients who remained in remission 

after BMT. In ALLIAUL patients the 
median duration of first CR was 166 days 
for patients who relapsed after BMTvs. 197 

Table 2. Outcome of allogeneic BMT (1975-1111990) 

Diagnosis Total Alive in CR BMT-related Relapse DFS 
death 

(n) (n) (n) (n) 

AML First CR 46 29 15 2 0.52 
ALLIAUL First CR 18 11 6 1 0.55 

AML > first CR 19 4 5 10 0.18 
Second CR 9 2 4 3 
First relapse/first PR 5 2 0 3 
Third CR 2 0 0 2 

Second PR/third relapse/refr. 3 0 1 2 
ALLIAUL> first CR 25 8 9 8 0.29 

Second CR 12 4 6 2 
First relapse 2 1 0 1 
Third CR 1 1 0 0 
Second PR 1 0 1 0 
Second relapse 7 2 1 4 
Fourth CR 1 0 1 0 
Third relapse 1 0 0 1 
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days for patients who remained in remission 
after BMT. 

Status of Disease at BMT 

The stage of leukemia at BMT is important. 
In AML only patients transplanted in 
second CR, first PR or first relapse survived 
in remission after BMT. In ALLIAUL 
patients a certain proportion of patients 
transplanted beyond second CR became 
long-term survivors. The comparison of the 
results of BMT in more advanced disease 
with BMT in first CR is depicted in 
Table 2. 

Discussion 

Allogeneic BMT can cure a certain propor
tion of patients with relapse after chemo
therapy. In 1991 the IBMTR [2] reported a 
5-year probability of disease-free survival of 
28 % ± 8 % for patients with AML 2>: 
second CR (n= 196), 20 % ± 6 % for 
patients with AML in relapse (11=357), 
33 % ± 5 % for patients with ALL 2>: 

second CR (n=515) and 18 % ± 6 % for 
patients with ALL in relapse (11=256). 
Because of the small numbers of patients 
involved, we have not subdivided AUL and 
ALL with advanced disease any further. 
The disease-free survival of our group of 
19 AML patients is 18 %, of our group of 
25 ALLIAUL patients 29 %. These results 
are essentially equivalent to the IBMTR 
data. 

The major causes of treatment failure 
were transplant-associated mortality 
(30 %) and leukemic relapse (30 % -50 %). 
Whereas the procedure-related mortality 
was similar to that observed in patients 
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grafted in first CR, the incidence of relapse 
was significantly higher. Our experience, 
albeit in a limited number of patients, 
suggests that, in contrast to the IBMTR 
data, AML beyond first relapse is essential
ly refractory to current conditioning regim
ens. This difference could be due to the 
more intensive induction and reinduction 
regimens currently being used in the Ger
man multicenter chemotherapy trials. In 
contrast, a certain proportion of ALL 
beyond first relapse remains sensitive and 
can be potentially cured by BMT. 

These differences may be related to dif
ferences in the biology of AML and ALL or 
could be the result of differences in suscep
tibility to the effector mechnisms of the 
graft-versus-Ieukemia effect, which is prob
ably important for the induction and main
tenance of remission after allogeneic 
BMT. 

In summary, bone marrow transplanta
tion is currently the only means of achieving 
a cure in adults with advanced leukemia. 
Attempts to reduce the high risk of relapse 
in these patients by intensifying the condi
tioning regimens will probably fail due to an 
increase in procedure-related mortality. We 
feel that a more effective manipulation of 
the graft-versus-Ieukemia effect is currently 
our best hope for progress in this difficult 
area. 
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Engraftment-Promoting Potential of High-Dose Cytostatic 
Agents in Allogeneic Bone Marrow Transplantation* 

B. Glass, W. Gassmann, L. Uharek, A. Erbersdobler, H. Loefner, 
and W. Mueller-Ruchholtz 

Introduction 

Graft rejection is a serious problem in 
HLA-mismatched and in T-cell-depleted 
HLA-identical bone marrow transplanta
tion. Rejection rates of up to 35°,{) have 
been observed in cases where HLA-identi
cal bone marrow depleted of T lymphocytes 
was grafted following conventional condi
tioning with cyclophosphamide and total 
body irradiation [1]. 

Cyclophosphamide as well as irradiation 
are potent immunosuppressants, so that 
substitutes for either modality may imply an 
even higher risk of graft rejection. Conse
quently, substitutes for cyclophosphamide 
have to be tested for their engraftment
promoting potency in allogeneic bone mar
row transplantation. To test the immuno
suppressive engraftment-promoting poten
tial of cyclophosphamide, ifosfamide, 
ACNU, BCNU, thiotepa, melphalan, and 
carboplatin, we used a modification of the 
experimental model of Tutschka and Santos 
[2], namely the busulfan-treated rat. Busul
fan is a myeloablative cytostatic agent 
which has only limited immunosuppressive 
potential and does not allow engraftment of 
allogeneic marrow. Therefore it could be 
used to test the engraftment-promoting 
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ChemnitzstraBc 53-57. 2300 Kiel. FRG 
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potential of cytostatic agents given in addi
tion to busulfan. 

Materials and Methods 

The experimental model has been de
scribed previously. Brieny, LEW rats 
received a myeloablative dose of busulfan 
(35 mg/kg) via a gastric tube 24 h prior to 
transplantation of 1 x lOH allogeneic bone 
marrow cells. To avoid GvHR-induced mor
tality, (CAP x LEW)Fl marrow was used 
for grafting. Since preliminary experiments 
have shown that the preparatory regimens 
tested would be highly toxic, with a substan
tial portion of the rats dying even after 
syngeneic bone marrow transplantation, it 
proved necessary to determine in each 
individual rat whether death was due to 
graft rejection or to toxicity of the prepara
tory regimen. Consequently, hematocrit, 
leukocyte counts and differential blood 
counts were done in each animal twice 
weekly for the first 3 weeks and on every 
10th day until day 100. The day of marrow 
grafting was termed day O. Death with 
granulocyte counts below 500/[11 was consi
dered to be caused by graft rejection, death 
with higher granulocyte counts was consi
dered to be due to other reasons, e.g., 
toxicity. Death of animals that never 
achieved a granulocyte count above 500/[11 
was termed primary rejection. Animals 
initially reaching this granulocyte count, 
but dying thereafter in secondary aplasia, 
were counted as secondary rejections. All 
rats surviving the lOO-day observation per
iod received an allogeneic CAP skin graft to 
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indicate persistence or rejection of the 
transplanted marrow, since rejection might 
have been masked by autologous recov
ery. 

Results 

Cyclophosphamide 

After preparation with 35 mg/kg busulfan, 
60 mg/kg cyclophosphamide, and grafting 
of 1 x lOR marrow cells, the total rejection 
rate was 59 %. The rate that completely 
prevented rejection was 120 mg/kg. repre
senting 33 % of the maximum dose applic
able in conjunction with busulfan (Ta
ble 1). 

Ifosfamide 

Ifosfamide is a cytostatic agent structurally 
related to cyclophosphamide. In conven-

Table 1. Rejection rates following allogeneic 
BMT after conditioning with 35 mg/kg busulfan 
and a varying dosis of cytostatic agents with high 
immunosuppressive potency 

Dosis 
(mg/kg) 

30 
60 
90 

120 
180 

60 
90 

120 
180 
240 
360 
480 
600 
750 
900 

1200 
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Rejection 
rate (%) 

Cyclophos-
phamide 

100 
59 
20 
0 
0 

Ifosfamide 

100 
100 
100 
67 

0 
0 
0 
0 
0 
0 
0 

n 

4 
32 
21 
19 
4 

4 
4 
9 

12 
10 
3 
4 
4 
4 
4 
2 

Toxic death 
rate (,X,) 

o 
9 
5 
o 
o 

0 
0 
0 
0 
0 
0 
0 

50 
50 
25 

100 

tional polychemotherapeutic regimens it is 
given in doses of 5-10 g/m2, equivalent to 
120-240 mg/kg (K. Havemann 1987, study 
protocol). We have tested it in combination 
with busulfan in doses of 60-1200 mg/kg 
i.p. on day -2 (doses up to 90 mg/kg), or in 
divided doses on days -4, -3, and -2. Doses 
of up to 120 mg/kg did not prevent rejection 
of the allogeneic marrow. Following 
180 mg/kg, the rejection rate was 67 % and 
no rejections were observed when 
240 mg/kg was given in addition to busulfan 
(Table 1). 

ACNU 

According to our knowledge, ACNU has 
been used as a conditioning agent in clinical 
bone marrow transplantation only in single 
cases [3]. We have tested ACNU in doses of 
7-40 mg/kg given intravenously on day -2. 
All rats receiving doses up to 10 mg/kg in 
addition to the lethal dose of busulfan 
rejected the allogeneic marrow. Following 
15 mg/kg, rejection rate was 45 % and no 
rejections were observed with doses of 
20 mg/kg (n=lO) or more. The maximum 
dose applicable in addition to the lethal 
dose of busulfan prior to allogeneic or 
syngeneic (data not shown) bone marrow 
transplantation was 30 mg/kg (Table 2). 

BCNU 

In clinical autologous bone marrow trans
plantation, doses of 10-30 mg/kg BCNU 
are given for conditioning [4]. Following 
10 mg/kg BCNU given in addition to the 
lethal dose of busulfan, the immunosup
pressive potential was limited with only one 
of seven animals transiently accepting the 
allogeneic bone marrow graft. After 
20 mg/kg the rejection rate dropped to 
64"%, and only 2 rejections in 17 animals 
transplanted were seen when 30 mg/kg 
BCNU was given in addition to the lethal 
dose of busulfan (Table 2). 

Thiotepa 

Thiotepa has been given prior to autolo
gous bone marrow transplantation in doses 



Table 2. Rejection rates following allogeneic 
BMT after conditioning with 35 mg/kg busulfan 
and a varying dosis of cytostatic agents with 
intermediate immunosuppressive potency 

Dosis 
(mg/kg) 

7 
10 
15 
20 
30 
40 

5 
10 
20 
30 
40 
80 

Rejection 
rate 

ACNU 

100 
100 
45 
o 
o 
o 

BCNU 

100 
100 
64 
12 
17 
o 

n 

4 
6 

11 
10 
10 
2 

4 
7 

17 
17 
6 
2 

Toxic death 
rate 

0 
0 

18 
10 
60 

100 

0 
0 

35 
76 
83 

100 

of 3-22 mg/kg [5]. We tested doses of 
5-20 mg/kg (i.p., day -2) in conjunction 
with busulfan before allogeneic bone mar
row transplantation. The maximum tolera
ble dose in this setting was 10 mg/kg but it 
did not prevent rejection in all seven rats 
transplanted (Table 3). Toxic effects of thio
tepa on the transplanted marrow were 
excluded. Five syngeneic controls injected 
with 10 mg/kg thiotepa on day -1 showed 
rapid and lasting engraftment. 

Melphalan 

In the clilnical setting, melphalan doses 
of 100-260 mg/m2, equivalent to 
2.5-4 mg/kg, have been used with or with
out total body irradiation prior to marrow 
transplantation [6]. In the animal model 
described here, rejection of allogeneic mar
row could not be prevented by doses of up 
to 5 mg/kg melphalan, given i.v. on day -2 in 
addition to busulfan. The maximum tolera
ble dose was 7 mg/kg (Table 3). To make 
sure that rejection or primary graft failure 
was not mediated by toxic effects of the 

Table 3. Rejection rates following allogeneic 
BMT after conditioning with 35 mg/kg busulfan 
and a varying dosis of cytostatic agents with low 
immunosuppressive potency 

Dosis 
(mg/kg) 

5 
10 
15 
20 

1 
2 
3 
5 
7 

10 

30 
40 
60 
80 

120 
180 

Rejection 
rate (%) 

Thiotepa 

100 
100 

0 
0 

Melphalan 

100 
100 
100 
100 
57 
0 

Carboplatin 

100 
100 
100 

71 
0 
0 

n 

7 
7 
6 
4 

2 
2 
4 
7 

14 
4 

7 
7 
8 
7 
2 
2 

Toxic death 
rate (%) 

o 
o 

100 
100 

o 
o 
o 
o 

36 
100 

o 
o 
o 

29 
100 
100 

drug on the incoming marrow, melphalan 
was given to syngeneic controls on day -1, 
instead of day -2, as in the allogeneic 
situation. Both rats receiving 5 mg/kg and 
all four receiving 7 mg/kg melphalan on day 
-1 with busulfan and 1 x 108 syngeneic 
marrow cells showed rapid and lasting 
engraftment and survived the full observa
tion period. 

Carboplalin 

Pilot studies with syngeneic marrow trans
plants showed that doses up to 80 mg/kg 
given in addition to the lethal dose of 
busulfan can be administered as a prepara
tory agent prior to syngeneic transplanta
tion [7, 8]. Even the highest doses of carbo
platin given in addition to a lethal dose of 
busulfan were not sufficiently immunosup-
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pressive to allow engraftment of the allo
geneic bone marrow (Table 3). 

Discussion 

Our previously published experiments 
revealed that cytarabine and etoposide, if 
added to lethal doses of busulfan, are 
clearly inferior to cyclophosphamide in 
their ability to promote the engraftment of 
allogeneic bone marrow [9, 10]. The expe
riments described here show that melphal
an, thiotepa and carboplatin should be used 
with caution as substitutes for cyclophos
phamide in preparation for transplantation 
of T-cell-depleted or HLA-mismatched 
bone marrow. Their potential for preventing 
rejection of allogeneic bone marrow was 
clearly inferior to that of cyclophospha
mide. BCNU, and especially ACNU, gave 
much better results. The most potent immu
nosuppression was provided by ifosfamide, 
which proved equivalent to cyclophos
phamide in equitoxic doses. Accordingly, 
these latter three drugs might be suitable 
candidates for conditioning of recipients of 
allogeneic bone marrow who bear an 
increased risk of rejection. 
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Impact of Total Body Irradiation and Marrow Transplantation 
in Early and Advanced Leukemia* 

F. Frassoni 

Introduction and Background 

The treatment of leukemia, as for other 
neoplastic diseases, faces the problem that 
chemotherapy does not act selectively on 
neoplastic cells and does not spare their 
normal counterparts. However, a high pro
portion of acute leukemias are sensitive to a 
given "induction treatment" and enter so
called complete remission (CR) [1]. 

How does remission occur? Once chemo
therapy (CT) is administered the marrow of 
the patient is monitored to see whether 
marrow aplasia has been achieved: this 
mainly because the aplasia signifies that the 
vast majority of blasts have disappeared. It 
is therefore assumed that marrow aplasia is 
a necessary factor although not sufficient to 
achieve CR [2]. If remission is going to be 
achieved after approximately 20 days the 
marrow is populated by maturing cells of 
various hemopoietic lineages. The question 
is then: what are these cells and where do 
they originate? It has generally been 
accepted that the marrow of CR originates 
from residual normal bone marrow (NBM) 
cells. It can be concluded that after CT, 
when marrow aplasia is achieved, the nor
mal bone marrow has a proliferative advan
tage as compared to the leukemic cells: 
without this property we would never had 
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the possibility to put a patient into CR. In 
recent years the concept of heterogeneity of 
the cell composition within a tumor has 
been expanding. In addition, new available 
techniques have revealed that in some cases 
part or the majority of the "normally" 
maturing cells are "clonal" with the leu
kemic cells. This has ended with a new 
definition of "clonal remission" [3]. This has 
a tremendous impact on the management of 
leukemia. (1) Some cells belonging to the 
leukemic clone can mature as well as the 
normal cells do. (2) Many of the situations 
which we define as remission are not true 
remissions. Therefore the statement, after 
CT and marrow aplasia the NBM has a 
growth advantage (temporary) over leu
kemic cells, should be motified to: not only 
do NBM cells have a growth advantage but 
also those leukemic cells which are similar 
to normal ones, i.e., those subclones that 
can mature. This is the hypothesis [4]. It is 
noteworthy that in chronic myeloid leu
kemia (CML) the possibility of inducing 
lasting CR is very unlikely [5]: this probably 
because the CML cells in CP are very 
similar to the normal ones [4]. Therefore the 
achievement of complete remission is 
dependent upon the following: 
1. leukemic cells should be sensitive to a 

given drug combination, 
2. marrow aplasia should be achieved, 
3. normal bone marrow cells must be pre

sent in the system in a sufficient number 
and quality in order to regrow faster 
than leukemic cells. 

The CR lasts for a given period but in the 
great majority of cases relapse occurs. At 
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this stage the induction of a new CR might 
still be possible but the length of a new CR 
is shorter than the first one, and subse
quently the disease becomes resistant and 
CR is no longer achieved [1]. In addition 
there are leukemias which are refractory to 
the induction treatment. The first question 
is why resistance occurs? Namely why are 
there leukemias which are chemosensitive 
and others which are chemoresistant? Is it 
the leukemic cell itself that is more or less 
sensitive to a given chemotherapeutic agent 
or is it the environment which is different, 
or both? For example, myelodysplastic syn
dromes are unlikely to enter CR because it 
is assumed that there are no more normal 
bone marrow cells spared. 

Bone marrow transplantation (BMT) 
provides a situation in which the marrow 
aplasia is obtained by a more aggressive 
treatment of the host marrow without tak
ing into consideration the residual NBM 
because a healthy NBM is provided by the 
donor. There is no question that the TBI and 
BMT greatly modify the environment. CR 
is very difficult to achieve in CML although 
there is evidence that some Ph-negative 
cells exist in many patients [2, 6, 7]. How
ever, after allogeneic BMT a long-lasting 
remisson (cure) can be obtained. An 
extremely important observation has 
emerged from autologous BMT for CML 
[8]. Using the chronic phase (CP) cryopre
served cells (which were 100 % Ph positive) 
a transient take of Ph-negative cells has 
been obtained. This suggests that the few 
Ph-negative cells (which were so diluted as 
to be undetectable by cytogenetics) have 
found a favorable microenvironnement and 
have repopulated the marrow faster than 
the Ph-positive cells [4]. 

There is no doubt that after allogeneic 
BMT the chance of remaining in CR is by 
far more probable than after any other 
treatment. This is due to the fact that, in 
terms of leukemic cell killing, the condi
tioning regimen used in BMT is superior to 
any other consolidation or intensification 
chemotherapy schedule. It should be 
pointed out that there is a constellation of 
data indicating that a consistent number of 
residual host cells (including leukemic and 
nonleukemic cells) remain alive after the 
BMT-conditioning regimen. In fact one of 
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reduced risk of relapse is the graft-versus
the factors found to be associated with the 
host activity [9, 10, 11]. 

It intriguing that the pheneotype of leu
kemia (at least in AML) turns out to be 
relevant as far as relapse is concerned. If the 
cells which sustain leukemia are pluripotent 
stem cells, the phenotypic expression of the 
majority of the cells we observe at the onset 
or at relapse (representing a progeny of the 
stem cells) should be irrelevant to the 
treatment response. But this is not the case: 
at least in the IBMTR data M4 and M5 have 
a higher chance of relapsing than Ml, M2, 
and M3. So far there has not been a ready 
explanation for this fact [12]. 

Data concerning an analysis of patients 
grafted in the bone marrow transplant cen
ter in Genoa from 1982 to 1990 are pre
sented. The analysis will focus on the effect 
of a protocol of TBI which has been used 
either for early or advanced disease in AML 
and CML. Furthermore the effect of the 
variations of the TBI dose within the same 
TBI schedule will be discussed. 

Patients and Methods 

All patients entered in this study received 
non-T-cell-depleted allograft from their 
HLA-identical siblings in the bone marrow 
transplant center of Genoa. Acute myeloid 
leukemia in first remission and chronic 
myeloid leukemia in chronic phase were 
considered early disease (ED); any other 
phase was considered advanced disease 
(AD). 

COllditioning 

Both 97 acute myeloid leukemia (AML) 
patients (n=84 first CR and n=13 in 
advanced disease) and 62 CML patients 
(n=43 in first CP and n19 in advanced 
disease) were conditioned with the same 
protocol: 60 mg/kg per day on day -7, -6, 
followed by fractionated total body irradia
tion (TBI) of 330 cGy on each of three 
consecutive days (-3, -2, -1) using a single 
source of cobalt -60 for a total scheduled 
dose of 990 cGy. The TBI was delivered with 
the patient in the lateral position, half a 



dose per side with a horizontal beam at 3m 
source-axis distance. A lead shield was used 
to reduce overdosage to the eyes, mouth 
and lungs. The lungs were shielded to 
receive the same dose of the prescription 
point. 

Total Body Irradiation Dose 

A retrospective analysis of the total 
received dose of TBI, carried out by dosi
metric recordings, indicated that 70 
patients (30 AML in first CR and 8 in AD; 
19 CML in first CP and 13 in AD) received 
less than 990 cGYand 72 patients (36 AML 
in first CR and 5 in AD; 16 CML in first CP 
and 15 in AD) received more than 990 cGy. 
This difference between the two series of 
doses in cGy is significant (p=0.0001). The 
variation of the total dose was ± 18 % 
(range 820-1185 cGy). Because of the 
uncertain measurements, the data were 
recorded without considering possible cor
rections for the dose. A retrospective eva
luation of the measurement revealed the 
correlation reported in these results: this 
suggests that the measurements were reli
able. The median TBI dose for patients 
receiving more than 990 cGy was 1038 cGy 
(1042 cGy for AML and 1019 cGy for CML) 
while the median TBI dose for patients 
receiving less than 990 cGy was 915 cGy 
(909 cGy for AML and 923 cGy for CML). 
There was no correlation between TBI dose 
and time of relapse after BMT. The distri
bution of age, sex, diagnosis and FAB 
classification for AML was no different in 
patients receiving more or less than 990 
cGy. Patients receiving T-cell-depleted 
grafts were excluded from this analysis. 

Results and Discussion 

Effect of Diseases Status 

The actuarial relapse incidence at 8 years 
was 31 % for patients (n= 127) grafted in 
early disease and 54 % for patients (n=32) 
grafted in advanced disease (p=0.00l). For 
CML patients the actuarial relapse inci
dence was 13 % and 44 % at 3 years and 
28 % and 63 % (p=0.00l) at 8 years for 

patients grafted in chronic phase or in 
advanced disease respectively. For AML 
patients the actuarial relapse incidence was 
34 % and 38 % for patients grafted in first 
remission or in advanced disease respective
ly. 

Effect of TBl Dose 

Early Disease. The actuarial probability of 
relapse for patients (30 AML+ 19 CML) 
receiving < 1000 cGy was 56 % while for 
patients (36 AML, 16 CML) receiving 
> 1000 cGy it was 12 % at 8 years 
(p=0.004). In AML in first CR only, the 
probability of relapse at 8 years was 20 % 
and 50 % respectively (p=0.01) for patients 
receiving more and less than 1000 cGy. For 
CML in first CP only, the probability of 
relapse at 8 years was 52 % and 0 % respec
tively for patients receiving less and more 
than 1000 cGy (p=0.00l). 

Advanced disease. The actuarial probability 
of relapse for patients (8 AML+ 13 CML) 
receiving less than 1000 cGy was 69 % while 
for patients (5 AML+ 15 CML) receiving 
more than 1000 cGy it was 37 % at 8 
years. 

Early + Advanced Disease. The actuarial 
probability of relapse was 21 % and 53 % 
for patients receiving more (n=67 patients) 
and less (n=62 patients) than 1000 cGy 
respectively (p=0.0003). For the two 
groups of patients the actuarial survival at 8 
years was 60 % and 36 % respectively 
(p=0.03). From these data it comes out 
clearly that the transplant-related mortality 
was higher in patients receiving higher 
doses of TBI. This indicates that even small 
variations in the dose of TBI, within a TBI 
schedule which is among the mildest used, 
can produce detrimental effects on tissues 
other than bone marrow. 

Allogeneic Effect of NBM 

There is no doubt that donor bone marrow 
obstructs the regrowth of host marrow and 
consequently counteracts the possible pro
liferation of leukemic cells. This is best 
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supported by the higher relapse rate in 
allografts performed with T-cell depletion 
[13] and data concerning the incidence of 
mixed chimerism [14]. The presence of 
acute and chronic GvHD seems to be 
correlated with reduced risk of relapse [9, 
10]. However, data concerning the patients 
included in this study show a reduced risk of 
relapse associated only with severe chronic 
GvHD: this holds true either for early and 
advanced disease (p=O.OOl). 

It is of interest to note that this analysis. 
although carried out in a limited number of 
patients. comes from a single center and 
that all patients have been treated with the 
same schedule. It must be pointed out that 
in all studies the concept of eradication is 
not absolute but applies only in the opera
tional situation where an allogeneic marrow 
is infused after chemoradiotherapy. More
over. to some extent. this applies also to 
chemotherapy: to obtain a complete remis
sion normal bone marrow is needed as 
stated earlier on in this paper. 

Conclusions 

l. The impact ofBMTon relapse incidence 
is greatly affected by the disease sta
tus : this is mainly observed in CML. 
However, other studies have shown a 
more important role of the disease stage 
also for AML [13]. 

2. Total body irradiation dose has a major 
effect on both early and on advanced 
disease. This suggests that the resistance 
acquired with the progression of the 
disease can be, in part, overcome with 
the appropriate TBI dose. However, as 
the disease advances, it becomes more 
resistant to TBI and BMT than to che
motherapy. How can we put these data 
together. One can speculate that at the 
onset of the disease the majority of 
leukemias have few cells with a high 
proliferative potential. At the time of 
relapse (namely at any given opportunity 
to proliferate) the number of leukemic 
cells with a high proliferative potentiali
ty is increased. In this way the number of 
cells that have to be knocked down by 
chemo- and radiotherapy is increased. 

3. Chronic myeloid leukemia is a peculiar 
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disease: it is not easily treated with an 
acute leukemia like treatment but after 
TBI and non-T-depleted BMT the inci
dence of relapse is very limited. In this 
case the two approaches (chemotherapy 
vs. TEl and BMT) have a totally differ
ent impact on the disease. However with 
T-cell depletion the relapse rate is very 
high. Once the CML becomes AD the 
relapse rate after BMT increses drama
tically. 

4. It is clear from this analysis that increas
ing the dose of TBI is associated with a 
reduced incidence of relapse. This indi
cates that with a higherTBI dose one can 
kill a higher number of target leukemic 
cells: this besides the allogeneic graft
versus-leukemia effect. In fact the TBI 
dose came out to be the most important 
factor for the prevention of relapse in a 
multivariate analysis [16, 17]. In addi
tion a direct correlation was found 
between TBI dose and the incidence/se
verity of chronic graft-versus-host dis
ease which also correlated inversely with 
the recurrence of leukemia [16]. This 
raises several questions about the signif
icance of the correlation between graft
versus-host disease and prevention of 
relapse [151. 

5. While few relapses occurred in patients 
receiving more than 990 cGy, a more 
complex situation was observed in 
patients receiving less than 990 cGy [16]. 
It was therefore interesting to analyze in 
detail why some patients receiving less 
than 990 cGy relapsed and some did not. 
Indeed a dose effect was still seen in 
patients receiving less than 990 cGy in 
CML but not in AML. This may reflect a 
heterogeneity among the radiosensitivi
ty of various acute myelogenous leuke
mias. It is also possible that some AML 
patients could have already been cured 
by previous chemotherapy before BMT. 
The impact of allogeneic bone marrow 
transplant on leukemias reproduced to 
some extent the features of chemother
apy but in many aspects BMT is totally 
different. From the data presented one 
can conclude that increasing the dose of 
TBI a good proportion of leukemias can 
be controlled in either early or advanced 
disease [16]. However, what are the 



consequences of increasing the dose of 
TEl? It has recently been reported [18] 
that increasing the dose of TBI from 
1200 cGy to 1575 cGy has a beneficial 
effect on relapse rate but a detrimental 
effect on survival. In contrast with this 
report [18], the observed variations in 
the TBI dose, within our protocol, did 
not have major effects on the transplant
related mortality but only on survival 
[15]: indeed a higher dose correlated not 
only with lower relapse rate but also with 
a better survival, 60 % vs. 36 %. 

It should be noted that a fractionated 
TBI consisting of 330 x 3 cGy represents 
a dose which is radiobiologically lower 
than the dose reported in the study by 
Clift et al. [18]. It is likely that our TEl 
protocol (330 cGy x 3) represents a 
threshold dose: small variations have 
major effects on the hemopoietic but not 
on other tissues [15]. Indeed in our 
protocol the incidence of interstitial 
pneumonitis is 5 %. We are aware that 
this regimen is possibly associated with a 
higher incidence of relapse which can be 
avoided by giving a correct dose of at 
least 990 cGy. This prospective study is 
ongoing and, although the follow-up is 
short, results are promising both in 
terms of relapse and survival. 
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High-Dose ARA-C, Cyclophosphamide and Etoposide with 
Noncryopreserved Autologous Bone Marrow Transplantation in 
Acute Myeloid Leukemia in Remission: A Pilot Study 

H. Kappler, K. H. Pfluger, M. Wolf, M. Klausmann, and K. Havemann 

Introduction 

Conventional chemotherapy regimens pro
duce 60%-70% complete remissions (CR) 
in patients with acute myeloid leukemia 
(AML). Long-term survival, however, is 
poor due to a high relapse rate. In most 
trials the long-term disease-free survival is 
in the range of 10 %-20 % [1-5]. Strategies 
to stabilize remission include maintenance 
therapy, early or late intensification or 
ablative forms of therapy with allogeneic or 
autologous bone marrow transplantation. 
While maintenance therapy gives a statisti
cally significant but only small advantage in 
disease-free survival [1, 2], the role of 
intensification with conventional chemo
therapy as double induction or late intensi
fication has not been clearly established. 
Initial results show an increased number of 
disease-free survivors [6-8]. Increased 
long-term survival has been achieved with 
ablative therapies and allogenic bone mar
row transplantation resulting in 5-year dis
ease-free survival between 40 % and 50 % 
[9, 10]. This approach, however, is limited 
to patients < 45 years with an HLA-identi
cal related donor. 

Recently similar results have been 
achieved in studies using ablative therapies 
with autologous bone marrow as a source 
for hematopoietic reconstitution [11-16]. 
Results of these studies, however, are diffi
cult to interpret because of different condi
tioning regimens, timing of transplant and 
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the use of purging procedures, We report 
the results of a prospective phase I-II trial 
in which 16 consecutive patients who 
achieved CR with a standardized induction 
and consolidation regimen were treated 
with escalating doses of ara-C, cyclophos
phamide and etoposide combined with 
autologous noncryopreserved bone marrow 
transplantation. 

Patients and Methods 

Patients 

Sixteen consecutive patients aged < 65 
years with AML who had achieved CR after 
one or two cycles of the TAD 9 regimen [1] 
were consolidated with the same regimen 
and then treated with high-dose chemo
therapy and ABMT. Median time from CR 
to ABMT was 2 months (range 1-5 
months). Median age was 45 years (range 
25-63 years). Age, sex, FAB classification, 
prior chemotherapy and time from CR to 
ABMT are shown in Table 1. Additionally 
four patients with AML in second or sub
sequent CR were treated with high-dose 
chemotherapy and ABMT. 

Bone Morrow Procurement 
and Reinfusion 

The technique of bone marrow harvesting 
has been described elsewhere [17]. The 
heparinized whole bone marrow was stored 
in bone marrow collection containers with 
10 % CPDA1 (Bone Marrow Collection Kit, 
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Table 1. Patient characteristic a 

Pa- Agel FAB Sta- Cycles Inductionl Interval Number CR duration 
tient sex tus to CR Consolidation CR .-+ of after ABMT 

ABMT ABMTs (months) 
months 

1 251M 4 CRI I TAD x 2 4 I 11 
2 43/F 5 CRI 1 TAD x 2 1 1 8 
3 49/F 5 CRI 1 TAD x 2 1 1 36+ 
4 41/M 4 CRI I TAD x 2 2 2 30+ 
5 63/F 5 CRI 2 TAD x 2. AD x I I 1 10 
6 5 11M 1 CRI 2 TAD x 3 2 2 8 
7 47/M 4 CRI 2 TAD x 2. AD x 5 1 8 
8 55/F 4 CRI 1 TAD x 2 I 2 24+ 
9 55/F 5 CRI 2 TAD x 3 5 I 3 

10 331M 5 CRI 2 TAD x 3 5 1 5 
11 40/F 2 CRI 1 TAD x 2 1 1 5 
12 54/M 1 CRI I TAD x 2 I 2 15+ 
13 23/F 4 CRI 2 TAD x 3 2 1 2 
14 40/M 1 CRI 2 TAD x 3 2 2 4+ 
15 52/M 2 CRI 2 TAD x 3 3 I 4+ 
16 33/F 4 CRI 2 TAD x 3 3 1 3+ 

17 56/F 2 CR2 I TAD x 2 2 I 0 
18 22/F 5 CR2 1 VPI6 I Mitox x 2 5 2 24+ 
19 44/F 5 CR2 I TAD x 2 2 2 27+ 
20 4l1F 2 CR3 2 HAM. Acla .. VPI6 1 1 I 

Baxter, Fenwal Division) for 48-72 h at 
4°C. Before reinfusion over a central line on 
day 0, the marrow was filtered through the 
three steel filters of the Bone Marrow 
Collection Kit to remove particles and 
aggregates. Previous studies have shown 
that liquid storage at 4 °C results in stem cell 
survival as determined by measuring CFU
GM, BFU-E, CFU-E and CFU-GEMM of 
70%-100% after 72 h [18.19]. 

High-Dose Chemotherapy 

Patients 1-3 were treated with cytosine 
arabinoside 1000 mg/mc q 12 h x 5, cyclo
phosphamide 60 mg/kg day -2. etoposide 
800 mg/m2 days -2, -1. Patients 4-6 were 
treated with cytosine arabinoside 1000 
mg/m2 912 h x 6, cyclophosphamide 60 
mg/kg day -2. etoposide 700 mg/m2 days -3, 
-2, -1. Patients 7-20 were treated with 
cytosine arabinoside 1000 mg/mc q 12 h x 6, 
cyclophosphamide 60 mg/kg days -3, -2, 
etoposide 700 mg/m2 days -3, -2, -l. Cyto
sine arabinoside and cyclophosphamide 
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were infused over 60 min and etoposide 
over 30 min. 

Statistical Analysis 

Survival probabilities were calculated ac
cording to the actuarial method of Kaplan 
and Meier [20]. 

Results 

Hematopoietic Reconstitution and Toxicity 

Sixteen patients in first CR and four 
patients in second or subsequent CR were 
treated with ACE and noncyropreserved 
bone marrow transplantation. Seven of 20 
patients received a double transplantation 
with the same regimen. A median number 
of 1.5 x lOR nucleated cells per kilogram 
body weight (range 1.0-3.1 x lOR kg) were 
reinfused. Eighteen evaluable patients had 
a full hematopoietic reconstitution. Median 
time to achieve 500 neutrophilsf!.,tl was 18 



days (range 12-26 days). Median time to 
achieve an unsupported platelet count of 
20000/111 was 15 days (range 10-22 days). 
One patient in second CR (No. 17) died on 
day +7 from progressive cardiac failure. 
One patient in third CR died from intrace
rebral hemorrhage on day + 45 after having 
reconstituted neutrophils (1500/1) but still 
being transfusion dependent on platelets. 
No difference in terms of reconstitution was 
observed between patients in the three 
escalative steps or between first and second 
transplantation. Toxicity of the procedure is 
shown in Table 2. Besides patient No. 17, 
another patient in second CR suffered from 

Table 2. Toxicity 

Side effects 

Nausea/vomiting 
Mucositis 
Diarrhea 
Hemorrhagic cystitis 
Cardiac failure 

PROBAB. 

1-

8.9 

8.8 

8.7 

8.6 

8.5 

8.4 

8.3 

8.2 

8.1 

8 

Patients with Who 
grade 
3 4 

20120 
5/20 2/20 
5/20 
1120 
1120 1120 

cardiac failure after transplantation. No 
other severe or life-threatening toxicity was 
observed. 

Outcome 

Nine of 16 patients treated in first CR 
relapsed with a median of 8 months (range 
2-11 months) after ABMT. Seven patients 
remain in CR 3+,4+,4+,15+,24+,30+, 
36+ months after ABMT. The projected 
disease-free survival at 36 months is 32 % 
(Fig. 1). Two of four patients in second CR 
remain in CR 24+ and 27 + months after 
ABMT. 

Discussion 

The best postremission therapy for patients 
with AML is a continuing controversial 
issue. The few prospective studies compar
ing allogeneic bone marrow transplantation 
(BMT) versus autologous bone marrow 
transplantation versus conventional chemo
therapy suggest that allogeneic bone mar
row transplantation achieves the best 
relapse-free survival [21-24]. This approach 
however is limited to patients < 45 years 
with an HLA-identical-related donor. The 
majority of patients depend on alternative 
treatment modalities. Recently intensive 
chemotherapy +/- TEl with ABMT has 
produced relapse-free survival rates up to 
60 % at 3 years [11-16, 25-28]. Analysis of 
these data, however, reveals that results are 

1 6 12 18 

MONTHS 

24 39 36 

Fig. 1. Relapse-free survival of 16 patients transplanted in first remission. The projected relapse-free 
survival is 32 % at 36 months 
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strongly related to timing of transplantation 
[29] and patients transplanted within 6 
months after CR have relapse rates of up to 
70 %. The high relapse rates in patients 
receiving allogeneic T-cell-depleted or syn
geneic marrow indicate that the major 
antileukemic effect of allgeneic BMT is 
mediated by graft versus leukemia events 
and that the standard conditioning cyclo
phosphamide + TBI is not sufficient in this 
aspect. More effective antileukemic treat
ment is needed. 

The aim of the present study has been to 
investigate a new preparative regimen with 
intermediate-dose cytosine arabinoside 
(ara-C), high-dose cyclophosphamide (Cy) 
and etoposide (VP16). The rationale for 
combining ara-C, VP16 and Cy was derived 
from preclinical in vitro data and clinical 
observations with high-dose Cy and VP16. 
Ara-C is one of the major antileukemic 
agents with a characteristic steep dose 
response curve in vitro [30, 31]. Studies in 
relapsed or refractory AML produce high 
response rates with high-dose ara-C [32, 
33]. Recent data, however, indicate that, 
due to the limited intracellular conversion 
to ara-C, monophosphate doses above 1 
g/m do not increase the conversion of the 
active derivates [34] but do increase toxicity 
without apparent benefit. Cy and VP16 
have been shown to act synergistically in the 
HL60 human leukemia cell line [35] and 
recent studies have suggested that the addi
tion of VP16 to pretransplant regimens may 
increase the antileukemic efficacy 
[36-38]. 

The use of liquid-stored bone marrow for 
hematopoetic reconstitution was safe and 
all evaluable patients had a rapid engraft
ment. One patient in third CR died 45 days 
after ABMT from intracerebral hemor
rhage. At this time she had a reconstituted 
myelopoiesis (2500 neutrophilil-ll) but still 
needed platelet support. Bone marrow 
aspiration showed an active myelopoiesis 
but no megakaryocytes, suggesting a 
delayed reconstitution or an autoimmune 
process. 

In the present study the nonhematologi
cal toxicity was low and not treatment
limiting in any escalation step. This was also 
true for patients undergoing a double trans
plant ion with the same regimen. In contrast 
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to protocols with single short-term VP-16 
infusions [37, 39] or continuous infusions 
[38] no severe mucositis, liver dysfunction, 
pulmonary toxicity or neurotoxicity was 
observed with the 3-day intermediate-dose 
short-term infusions. Two patients in 
second CR suffered from cardiac failure 
which was fatal in one patient 7 days after 
first ABMT. The second patient who pre
sented with cardiac failure WHO grade 3, 4 
weeks after second ABMT, is alive and well 
but is dependent on treatment with capto
pri\' Both patients had a high cumulative 
anthracycline dose and had already been at 
risk for cardiomyopathy. 

Though the number of patients in our 
study is small, the relapse-free survival for 
patients in first remission in this in all 
respects unselected patient group is prom
ising and in the range reported in other 
prospective trials with unselected patients 
[21, 22]. As reported by other groups [40] 
patients undergoing double transplantation 
seem to benefit from this approach as 
compared to patients with a single trans
plantion. The small numbers, however, pre
clude any final conclusion.We conclude that 
high-dose ACE with noncryopreserved 
bone marrow transplantation is a safe pro
cedure. The lack of toxicity and the prelim
inary follow-up data suggest a useful effica
cy, making this straightforward to perform 
approach suitable for comparative studies 
with conventional chemotherapy. 

Summary 

Twenty patients with acute myeloid leu
kemia (AML) in remission (CR), (16 
patients in first CR, four patients in second 
CR) were treated with escalating high doses 
of cytosine arabinoside (1000 mg/m2 q12 h 
x 5-6), cyclophosphamide (60-120 mg/kg) 
and etoposide (1600-2100 mg/m2) com
bined with an autologous bone marrow 
transplantation (ABMT) with noncryopre
served marrow. Seven patients received a 
double transplantation with the same pro
tocol within 6 weeks of first ABMT. Median 
time between CR and ABMT was 2 months 
(range 1-5 months). All evaluable patients 
showed a rapid and full hematopoietic 
reconstitution. Nonhematological toxicity 



was low for patients in first CR with mod
erate nausea/vomiting, mild mucositis and 
diarrhea. Two patients with heavy anthracy
cline pretreatment in second CR suffered 
from cardiac failure, which was fatal in one 
patient 7 days after ABMT. One patient in 
third CR died on day +45 from intracere
bral hemorrhage having reconstituted neu
trophils but not platelets. 

Seven of 16 patients transplanted in first 
CR remain in CR with a median of 18 
months (range 3-36 months). Two patients 
in second CR are free of disease 24+ and 
27 + months after ABMT. We conclude that 
high-dose ACE with noncryopreserved 
ABMT is a safe procedure with low toxicity 
and preliminary data suggest a useful effi
cacy. 
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Autologous Bone Marrow Transplantation in Patients with Acute 
Lymphoblastic Leukemia in Second or Subsequent Complete 
Remission 

R. Haas1, B. Dorken1, E. Ognibenl, S. Hohaus1, B. Witt I , G. Kvalheim2 , 

and W. Hunstein I 

Introduction 

With intensive conventional chemotherapy 
a complete remission (CR) can be achieved 
in more than 90 % of children and 70 % of 
adults with ALL [1]. The long-term disease
free survival for patients with ALL depends 
on certain prognostic factors [2]. As it has 
been shown by several investigators, high
risk patients can be defined on the basis of 
initial white blood count, age, the immuno
logical phenotype of blast cells, the time to 
achieve CR after the induction phase of 
chemotherapy and by the presence of a 
Philadelphia chromosome. With respect to 
the therapeutic benefit of bone marrow 
transplantation (BMT) in high-risk ALL, 
the data of the International Bone Marrow 
Transplant Registry demonstrate that for 
allogeneic BMT the 5-year probability of 
disease-free survival (DFS) is 50 % in first 
complete remission (CR) versus 32 % in 
second CR [3]. Kersey et al. [4] reported a 
series of patients with high-risk ALL who 
were transplanted either in first or second 
CR. These patients demonstrated an overall 
disease-free survival of 20 % at 5 years 
post-BMT. 

It was the purpose of our study to eval
uate the therapeutic efficacy of ABMT in 
patients with ALL in second or subsequent 
CR. In nine patients the BMT was per
formed with mafosfamide purged bone 
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marrow (chemoseparation), whereas in the 
remaining nine patients the autograft was 
purged with monoclonal antibodies and 
immunomagnetic beads to remove residual 
tumor cells. All patients received the same 
pre transplant conditioning regimen. We 
compared the kinetics of hematopoietic 
reconstitution after ABMT, disease-free 
survival and relapse rate for these two 
patient groups. 

Material and Methods 

Patients 

After informed consent was obtained, a 
total of 18 patients with ALL were included 
in this bone marrow transplantation proto
col. All BMTs were performed either in 
second or subsequent CR following inten
sive conventional chemotherapy. In group I 
four patients were transplanted in third or 
higherCR compared to only two patients in 
group II. In nine patients (group I) the bone 
marrow was purged with mafosfamide, 
whereas the remaining nine patients 
received bone marrow treated with mono
clonal antibodies and immunomagnetic 
beads. The patient characteristics are sum
marized in Table 1. 

Bone Marrow Harvesting, 
Purging and Cryopreservation 

The bone marrow was harvested by multi
ple aspirations from the posterior iliac 
crest. For the purging procedure with 
mafosfamide, a stable substitute of the 
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Table 1. Patient characteristics prior to ABMT 

Group I (BM purged with mafosfamide) 

Patient Age/sex Diagnosis Date of initial No. of Duration of last CR 
prior to ABMT (days) 

1 13/f ALL" 
2 311m c-ALL 
3 201m T-ALL 
4 221m c-ALL 
5 23/f O-ALL 
6 261m c-ALL 
7 48/m ALL" 
8 211f O-ALL 
9 44/f c-ALL 

diagnosis 

09175 
07/83 
10/82 
11184 
10/86 
02/82 
12/80 
02/90 
09/89 

relapses 

2 
2 
1 
1 
1 
2 
1 
1 
2 

216 
73 

416 
211 
136 
96 

480 
45 
53 

Group II (BM purged with moAb and immunomagnetic beads) 

1 171m c-ALL 10/86 1 40 
2 191m c-ALL 06/81 1 126 
3 16/f O-ALL 06/87 1 99 
4 26/f pre-B-ALL 01176 1 247 
5 151m c-ALL 11188 1 32 
6 24/f ALLa 02174 3 42 
7 19/f c-ALL 12/87 1 78 
8 221m T-ALL 08/89 1 124 
9 291m c-ALL 01/86 2 44 

m, male; f, female; Immunophenotypes not done BM, bone marrow; moAb, monoclonal anti
bodies 

activated primary metabolite of cyclophos
phamide, the cell suspension was treated as 
previously described [5]. For the immuno
separation, the cell suspension was incu
bated with a cocktail of 3 monoclonal 
antibodies according to the immunopheno
type of the leukemic blast cells (CD19, 
CD20, CD10 or CD2, CD5, CD7). After an 
incubation period of 30 min the cells were 
carefully washed and incubated with immu
nomagnetic beads (Dynabead M450, 
sheep-anti-mouse, IgGI, Fc). Thereafter, 
the cells bound to the monoclonal anti
body/immunomagnetic beads were re
moved in a strong magnetic field and the 
remaining cells were collected from the 
blood bag in a constant flow rate of 40 
ml/min by a peristaltic pump. 

The cells were transferred into freezing 
bags (Delmed, Canton, MA) and frozen to 
-100°C using a computer controlled cryo
preservation device (Cryoson-BV-6; Cryo
son Deutschland GmbH, FRG). The cells 
were transferred into the liquid phase of 
nitrogen and stored at -196°C. 
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Pretransplant Conditioning Regimen 

For all patients the myeloablative condi
tioning regimen consisted of TBI superfrac
tionated over 4 days at doses of 1.2 Gy 3 
x/day to a total of 14.4 Gy (lungs 9.0 Gy) 
followed by 50 mg/kg body weight (bw) 
cyclophosphamide on each of 4 consecutive 
days (total dose: 200 mg/kg bw). 

Results 

Hematopoietic Reconstitution 

The purging with mafosfamide caused a 
median reduction in the number of CFU
GM to 11.2% (range: 1.6%-58.7%.) The 
median number of CFU-GM/kg bw infused 
into the patients following the treatment 
with mafosfamide was 1.1 x 10' (range: 
0.2-13.2); see Table 2. The median number 
of TNC transfused/kg bw was 7.1 x 107 

(range: 3.4-15.2). Due to one early death 
10 days after ABMT eight patients could be 



Table 2. Hematologic reconstitution and clinical status after ABMT 

No. of cells infused Time to reach Status posttransplant 
(update: 31. Jan 91) 

Patient TNC CFU-GM WBC PMN Platelet DFS Survival 
No. x 107/kg x 103/kg 1.0/nl 0.5/nl 20.0/nl (days) (days) 

(days) (days) (days) 

(BM purged with mafosfamide) 
1 15.2 13.2 16 18 23 206 268 
2 10.3 0.3 n.r. n.r. n.r. 10 10 
3 10.1 0.7 31 32 35 175 327 
4 10.3 1.1 26 39 114 365 736 
5 3.9 0.6 36 36 38 242 268 
6 5.4 1.6 32 25 n.r. 89 122 
7 5.7 2.7 28 39 29 135 135 
8 7.1 0.2 27 26 45 55 67 
9 3.4 1.3 52 53 67 76 76 
Median 7.1 1.1 29.5 34 38 
Range 3.4-15.2 0.2-13.2 16-52 18-53 23-114 

(BM purged with moAb and immunomagnetic beads) 
1 6.6 0.4 57 54 48 1089+ 1089+ 
2 2.5 3.7 23 33 44 1033+ 1033+ 
3 7.3 cont. 30 37 55 816+ 816+ 
4 8.6 5.7 24 40 36 606+ 606+ 
5 6.8 9.9 54 49 63 501+ 501+ 
6 10.1 15.7 32 32 34 448+ 448+ 
7 17.1 17.5 29 41 35 273+ 273+ 
8 5.9 2.2 n.r. n.r. n.r. 222 222 
9 3.7 6.7 45 47 46 46 46+ 
Median 6.8 6.2 31 40.5 45 
Range 2.4-17 0.3-17.4 23-57 32-54 34-63 

TNC, total nucleated cells; CFU-GM, colony-forming unit granulocyte-macrophage; WBC, white 
blood count; PMN, polymorphonuclear count; DFS, disease-free survival; n.r., not reached; 
cont., contaminated; BM, bone marrow; moAb, monoclonal antibodies 

evaluated for hematological recovery. All of 
them had a stable trilineage engraftment 
with subsequent hematopoietic reconstitu
tion. A WBC of 1.0lnl was reached within 
16-52 days (median: 29.5) and a PMN count 
ofO.5/nl within 18-53 days (median: 34). A 
stable platelet count of > 20/nl was 
observed after a median time of 38 days 
(range: 23-114). Reticulocytes appeared 
after 7-68 days (median: 13.5). For the 
patients autografted with bone marrow 
purged with monoclonal antibodies and 
immunomagnetic beads the median recove
ry of CFU-GM was 63 % (range: 
2.1 %-310%). The median number of 
transplanted CFU-GM was 6.2 x 103/kg bw 
(range: 0.3-17.4). With respect to the num
ber of TNC the recovery after the immuno
separation was 73.2 % (median, range: 

36.4 %-91.1 %) and the total number of 
TNClkg bw transfused was 6.8 x 101 (me
dian, range: 2.4-17). All patients demon
strated a stable trilineage engraftment with 
the following reconstitutional pattern: 
WBC > 1.0/nl after 31 days (median, range: 
23-57), PMN >0.5/nl after 40.5 days (me
dian, range: 32-54) and stable platelet 
count of >20/nl after 45 days (median, 
range: 34--63). Reticulocytes appeared after 
4-25 days (median: 6). 

Early and Late Toxicity 

Four of the 18 patients died of transplanta
tion-related complications. In one patient a 
fatal gram-positive septicemia occurred 10 
days after ABMT. The other patient died 76 
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days after BMTof acute respiratory distress 
syndrome. In this patient a postmortem 
lung biopsy demonstrated an interstitial 
pneumonitis, but no CMV or other viral 
infection could be documented. Another 
patient with delayed hematological recov
ery of cerebral hemorrhage due to throm
bocytopenia 222 days after BMT. The 
fourth patient died of an encephalitis on 
day 135 post-transplantation. 

In almost all patients a transient supra
ventricular tachycardia developed starting 
after high-dose cyclophosphamide which 
lasted approximately 2-3 weeks after 
ABMT. Furthermore, all patients devel
oped fever within the first days after ABMT 
which dissolved in most of the patients after 
empirical administration of antibiotics. In 
case of antibiotics resistant fever amphoter
icin B was administered systemically. 

Disease-Free Survival and Relapse Rate 

In patient group I, three patients (No.2, 7 
and 9) died of transplantation related com-

1.0 I 

I ---------, 
I 
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I 
I 

plications. The remammg six patients 
relapsed after a median time of 190.5 days 
(range: 55-365). The overall survival for the 
whole group of patients showed a median of 
135 days (range 10-736). In patient group 
II, only one late treatment-related death 
(pat. No.8) was observed 222 days after 
ABMTand one patient (No.9) autografted 
in third CR relapsed 46 days after ABMT. 
The remaining seven patients are in 
unmaintained complete remission, with a 
median follow-up of 606 days (range: 
273-1089) (Fig. 1). 

Discussion 

High-dose consolidation such as myelo
ablative chemo- and/or radiotherapy fol
lowed by ABMT provides a treatment 
modality for patients with high risk ALL 
[6]. It is still controversial whether purging 
for the removal of residual tumor cells from 
the autograft has an impact on disease-free 
survival and the rate of relapses [7]. Basi
cally, two different purging procedures are 
available: chemoseparation with the in 
vitro active cyclophosphamide-derived ma
fosfamide and immunological targeting of 
tumor cells using specific monoclonal anti-
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Fig. 1. Disease-free survival of patient group I (BM purged with mafosfamide, -) versus patient group 
II (BM purged with moAb and immunomagnetic beads, ----) 
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bodies. Among the different immunologi
cal purging procedures the use of immuno
magnetic beads provides a standardized 
and most efficient technique for the remov
al of tumor cells [8]. 

In a preclinical study we have shown that 
the immunoseparation with a panel of 
B-cell antibodies and magnetic beads does 
not affect hemopoiesis as assessed by CFU
GM growth [8]. Based on these in vitro 
results we initiated an autologous BMT 
protocol with immunomagnetic bone mar
row purging for patients with ALL in 
second or subsequent remission. Since Jan
uary 1988 nine patients were autografted 
according to this ex vivo purging method. 
All patients demonstrated a stable trili
neage engraftment. Although the median 
number of CFU-GM/kg bw transfused was 
substantially lower in the patient group I 
(mafosfamide purging) there was no differ
ence between the two groups with respect to 
the kinetics of hematological reconstitu
tion. One patient died of treatment-related 
late toxicity. Only one patient developed a 
relapse on day 46 after ABMT, whereas the 
remaining seven patients are in unmain
tained complete remission after a median 
follow-up of 606 days (range: 273-1089).We 
compared these results to a group of nine 
patients with ALL in second or subsequent 
CR who were transplanted with bone mar
row purged with mafosfamide. The patient 
groups are comparable with respect to sex 
and age distribution and prior conventional 
chemotherapy. However, four patients of 
group I were transplanted in third CR 
versus two patients in group II. Three 
patients died of transplantation related ear
ly or late toxicity and the remaining six 
patients relapsed after a median time of 
190.5 days after ABMT. 

In conclusion, our data suggest that 
ABMTwith bone marrow purged by mono
clonal antibodies and immunomagnetic 
beads offers a promising therapeutic alter
native for high-risk ALL patients. The 
therapeutic value of this purging procedure 
has to be carefully assessed by molecular 
biological studies for the detection of min
imal residual disease. 

Summary 

We evaluated the therapeutic efficacy of 
autologous bone marrow transplantation 
(ABMT) using bone marrow purged with 
either mafosfamide (group I) or with mono
clonal antibodies (moAbs) and immuno
magnetic beads (group II). A total of 18 
patients with ALL in second or subsequent 
remission were autografted (9 patients in 
each group). Eight patients were female, 
ten patients were male. Their median age 
was 22 years (range: 13-48). The bone 
marrow was harvested after a median re
mission duration of 48 days (range: 5-383). 
The median duration of the last CR prior to 
ABMTwas 97.5 days (range: 32-480). The 
myeloablative conditioning regimen con
sisted of TEl (14.4 Gy) and cycylophos
phamide (200 mglkg bw). Of the 18 
patients, 16 patients are evaluable for 
hematological reconstitution. A WBC of 
1.0lnl was reached on day 31 (median; 
range: 16-57), PMN count of 0.5/nl on day 
38 (median; range: 18-54), and a platelet 
count of 20/nl on day 44 (median; range: 
23-114). In group I, three patients died of 
transplantation-related complications, 
whereas the remaining six patients relapsed 
after 190.5 days (median, range: 55-365). 
In contrast, in patient group II one death 
was observed due to transplantation
related late toxicity and one patient 
relapsed 46 days after ABMT. Seven 
patients are in unmaintained CR, with a 
median follow-up of 606 days (range: 
273-1089). Our data demonstrate that bone 
marrow purged with moAbs and immuno
magnetic beads can be safely used as auto
graft following a myeloablative condition
ing regimen. Furthermore, the high rate of 
disease-free survival in patient group II 
suggests a beneficial role of immunomag
netic bone marrow purging compared to the 
chemoseparation with mafosfamide. 
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Two Murine Leukemia Models for the Investigation 
of New Treatment Strategies in Bone Marrow Transplantation 

L. Uharek, W Gassmann, B. Glass, B. Focks, H. Bolouri, H. Loeffler, 
and W Mueller-Ruchholtz 

Introduction 

Leukemic relapse is still the major cause of 
death after bone marrow transplantation in 
hematological malignancies [1]. Recent 
clinical data have indicated that the relapse 
risk is markedly influenced by certain prop
erties of the bone marrow graft. In partic
ular, it has been demonstrated that GvH 
reactivity, T-cell depletion, and natural kill
er cell activity can affect leukemic relapse 
rates [2-4]. Whereas the clinical significance 
of graft-versus-leukemia activity is now 
commonly accepted [5], the underlying 
mechanisms remain obscure [6]. Since it is 
impossible to analyze complex interactions 
of host, leukemia, and marrow graft in the 
clinical setting, we have started to develop 
preclinical models for the investigation of 
factors influencing leukemic relapse after 
bone marrow transplantation. Here we 
report our results obtained with the B-cell 
leukemia cell line A-20 and the myelomon
ocytic cell line WEHI-3. 

Materials and Methods 

Cell Lines. A20 is a B-cell neoplasia that has 
occurred spontaneously in a more than 
15-month-old Balb/c mouse [7]. WEHI-3 is 
a chemically induced myelomonocytic leu
kemia cell line of Balb/c origin [8]. No viral 
antigens have been detected on both cell 
lines; both express H-2d MHC class I sur-

Department of Immunology and Department of 
Internal Medicine II, University of Kie1, Bruns
wikerstr. 4, 2300 Kie1, FRG 

face antigens. Cell lines were maintained in 
culture in RPMI 1640 and 5 % FCS at 37 DC, 
5% S02' 

Experimental Animals. Mice used in this 
study were obtained from our own breeding 
facilities (Dept. of Immunology, University 
of Kiel, FRG). Female Balb/c mice (H-2d), 
8-14 weeks of age and weighting 20-26 g, 
were used for in vivo transfer of leukemia 
cells and as bone marrow recipients. Bone 
marrow donors were Balb/c mice, aged 
10-20 weeks and of either sex. All animals 
were kept in conventional cages (five to ten 
animals in each cage) and received unster
ilized food and water ad libitum. For 6 
weeks posttransplant, the drinkung water 
contained cotrimoxazol. Experimental ani
mals were inspected daily for survival. 

Leukemia Cell Inoculation. After several 
weeks in culture, the tumor cells were 
maintained in Balb/c mice for two to five 
intravenous passages. Thereafter, spleen 
cells of mice with marked splenomegaly 
(>0.3 g) were pooled and stored in liquid 
nitrogen. This procedure was used, since it 
guaranteed a reliable transfer of highly 
malignant cells, in contrast to preliminary 
inoculation trials with cultured cells. To 
investigate the therapeutic effect of syn
geneic BMT, Balb/c mice were injected with 
106 stored spleen cells derived from animals 
inoculated with A-20 or WEHI-3, as 
described above. The cells were washed 
twice prior to injection in a constant volume 
(0.3 ml) of RPMI 1640. Leukemia cell 
suspensions contained less than 20 % try
pan blue stained "nonviable" cells. 

Tumor Diagnosis. Experimental animals 
were examined daily. Total body, spleen and 
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liver weights were determined after death. 
Cytological investigations of spleen, liver 
and blood smears were performed in a 
number of cases. Death due to leukemia 
was defined as death with macroscopic 
evidence of tumor, liver weight> 1.5 g, and 
spleen weight >0.15 g. The follow-up per
iod was 100 days, if not stated otherwise. 

Total Body Irradiation. Five to ten mice 
each were placed in plastic boxes (20 x 20 x 
2.5 cm) and irradiated with a 137CS source 
(gamma cell, Atomic Energy of Canada, 
Ottawa, Canada). Immediately prior to 
marrow grafting, mice received a single 
dose ofTBI through opposing portals deliv
ering approximately 1.2 Gy/min. 

Bone Marrow Preparation. Donor ani
mals were killed by cervical dislocation 
under ether anesthesia. Marrow was rinsed 
from femurs, tibias and humeri with 0.3 ml 
of a 50 % normal mouse serum in RPMI 
1640. Cells were triturated with a Pasteur 
pipette, washed once and resuspended in 
RPMI 1640. Nucleated cells were counted 
and injected intravenously in a constant 
volume of 0.3 m\. Marrow suspensions 
contained 5-10 % trypan blue stained "non
viable" cells. The day of marrow grafting 
was termed day O. 

Statistics. The percentage of animals with 
"freedom from leukemia" was estimated 
and documented in accordance to the 
method of Kaplan and Meier. Experimen
tal groups were compared using the Cox
Mantle test. 

Results 

Survival and Tumor Growth Characteristics 
After Injection of Leukemia Cells Obtained 
from Different Sources. The median survival 
time for recipients of 106 untreated, cell 
culture derived WEHI-3leukemia cells was 
18.5 days. Overall mortality was 93 % for 
these animals (Table 1). Even higher doses 
of cultured cells were not completely lethal 
(data not shown). When spleen cells of 
tumor-bearing animals were transferred, 
106 cells invariably resulted in death due to 
leukemia with a median survival time of 14 
days. There was no difference in survival 
time between groups that had received cells 
from first, second, third, or fourth in vivo 

556 

passage. Interestingly, a tendency towards 
higher spleen weights at the time of death 
was observed with increasing numbers of 
passages. Transfer of bone marrow cells 
from animals previously inoculated with 
WEHI-3 or A-20 leukemia cells was invari
ably lethal, suggesting the potential useful
ness of this model for the development of 
new purging techniques. Whereas storage in 
liquid nitrogen markedly reduced the mal
ignancy of cultured cells (as indicated by a 
mortality rate of only 40 %), there was no 
significant difference in mortality and survi
val time between recipients of either frozen 
or unmanipulated spleen cells from leu
kemia bearing animals. Similar results were 
observed for A-20 (data not shown). 

After injection of either WEHI-3 or A-20 
cells, all animals died with obvious hepato
splenomegaly. In contrast to untreated 
Balb/c mice, none of these animals had a 
spleen weight of less than 0.15 g and a liver 
weight of less than 1.5 g. We therefore used 
these two parameters for leukemia diagno
sis (see also "Methods"). In a number of 
animals with WEHI-3 or A-20 leukemia, a 
marked leukocytosis with a high percentage 
of peripheral blast-like cells was detected at 
a terminal stage of the disease. Other 
animals, however, developed no persistent 
leukocytosis or suffered from pancytope
nia. Thus, the peripheral blood count 
proved to be no valid indicator for leukemic 
cell growth. Cytological and histological 
investigations of the liver were performed 
in a number of cases and showed diffuse 
perivascular infiltration with WEHI-3 
blasts or characteristic tumor nodules in 
case of A-20. Leukemia cells were the 
predominant (>90 % ) cell population in all 
spleens studied. 

Survival After Injection of Increasing 
Doses of A-20 and WEHI-3 Leukemia 
Cells. To determine the influence of leuke
mia cell dose on survival time and mortality 
rate, we transferred 10\ 105 , or 106 spleen 
cells of tumor-bearing animals. As shown in 
Fig. 1, the survival time depended on the 
number of leukemia cells transferred: for 
10", 105, or 106 cells the median survival 
times were 24, 21, or 16 days in the case of 
A-20, and 25, 21, or 15 days in the case of 
WEHI-3. The overall mortality remained 
100 % for all cell doses tested. All animals 



Table 1. Influence of the tumor inoculum source on mortality, liver and spleen weight after injection of 
WEHI-3 leukemia cells 

Source n Median Percent- Liver Spleen weight Time of death 
survial age weight Rela- Abso- Rela- (days) 
time mor- absolute tive lute tive 
days tality (g) 

Cell culture 29 18.5 93 2.53 
untreated cells (13, >99) (0.73) 

Cell culture 10 <100 40 n.d. 
frozen cells (22, <99) 

Untreated spleen 21 14 100 2.38 
cells from first in (11, 22) (0.69) 
vivo passage 

Untreated spleen 12 14.5 100 1.84 
cells from second (13, 17) (0.3) 
in vivo passage 

Untreated spleen 12 16 100 1.9 
cells from third in (14, 18) (0.6) 
vivo passage 

Untreated spleen 12 13.5 100 2.47 
cells from fourth (12, 19) (0.31) 
in vivo passage 

Frozen spleen 11 16 100 2.56 
cells from second (13, 21) (0.42) 
or third in vivo 
passage 

Untreated marrow 6 14 100 1.99 
cells from second (12, 18) (0.55) 
in vivo passage 

died due to leukemia. In subsequent exper
iments 106 cells were transferred, if not 
stated otherwise. 

Effect of Prior Immunization with Irra
diated Leukemia Cells on Survival After 
Injection of A-20 and WEHI-3. To test the 
immunogenicity of both leukemia cell lines 
in syngeneic hosts we injected 106 highly 
irradiated (80 Gy) leukemia cells prior to 
injection of 106 vital tumor cells. As indi
cated in Fig. 2, repeated (day -7 and -21) 
systemic exposure to irradiated A-20 or 
WEHI-3 cells was shown to exert no 
influence on subsequent proliferation of 
vital tumor cells, as indicated by nearly 

(%) (g) (%) 

10.18 0.38 1.51 13, 13, 14, 14, 14, 
(2.8) (0.12) (0.48) 14,15,15,17,17, 

17,18,18,18,19, 
20, 20, 20, 20, 23, 
23, 26, 28, 30, 33, 
33, 48, 99, 99 

n.d. n.d. n.d. 22, 22, 29, 29, 99, 
99, 99, 99, 99 

10.41 0.44 1.93 11, 12, 12, 12, 12, 
(2.38) (0.16) (0.61 14, 14, 14, 14, 14, 

14, 14, 15, 16, 19, 
19, 21, 21, 21, 21, 
22 

9.37 0.34 1.73 13, 14, 14, 14, 14, 
(2.02) (0.11) (0.58) 15, 15, 15, 15, 16, 

16,17 

8.49 0.62 2.88 14, 15, 15, 15, 15, 
(3.24) (0.28) (1.67) 15,17" 17, 18, 18, 

18,18 

9.81 0.78 3.10 12, 13, 13, 13, 13, 
1.33 (0.15) (0.67) 13, 14, 14, 14, 16, 

16, 16, 19 

10.22 0.85 3.35 13, 14, 14, 15, 15, 
(2.08) (0.34) (1.33) 17,19,19,19,19, 

20,21 

8.32 0.37 1.60 12, 12, 14, 14, 17, 
(1.27) (0.13) (0.62) 18 

similar survival curves as compared to con
trols. These data strongly argue against the 
induction of classical immune reactivity 
directed against both leukemia cell lines in 
syngeneic hosts. 

Leukemic Relapse Rates After Injection 
of A -20 Followed by Syngeneic BMT at Day 
2, 5, or 10. Animals reveived 106 in vivo 
passaged leukemia cells at different times 
prior to irradiation with 7.5 Gy and bone 
marrow rescue with 107 syngeneic cells in 
order to determine the optimal interval 
between leukemia cell injection and BMT. 
Syngeneic BMT at day 10 or 5 resulted in a 
small but statistically significant (p <0.05) 
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Fig. 1. Survival of Balb/c mice after injection of escalating doses of frozen A-20 (top) or WEHI-3 
(bottom) leukemia cells (for details see text) 

prolongation of the median survival time 
but was without influence on long-term 
survival rates (Fig. 3). All animals died due 
to leukemic relapse between day 20 and 45 
after leukemia cell injection. When BMT 
was performed at day 2, the median survival 
time increased from 21 to 32 days. In 
addition, long-lasting (> 100 days) freedom 
from relapse was observed in 20 % of these 
animals. 

Leukemic Relapse Rates After Injection 
of WEBI-3 Followed by Syngeneic BMT at 
Day 2,5, or 10. When animals were treated 
with 7.5 Gy and syngeneic BMT at a late 
stage of the disease (10 days after WEHI-3 
cell inoculation), all mice died due to 

leukemic relapse (Fig. 4). The median sur
vival time was only moderately increased 
from 14.5 to 23 days (p <0.05). Syngeneic 
BMT performed at day 5 after tumor cell 
inoculation resulted in a median survival 
time of 42 days and a disease-free survival 
rate of 45 %. No recurrence of the leukemia 
was observed in mice that had been treated 
with BMTat a very early stage of the disease 
(2 days after tumor cell inoculation). All 
these animals survived more than 100 days. 
In a small number of cases (n=4), second
ary recipients received 1()6 spleen cells of 
long-term survivors. None of these animals 
showed any evidence for subsequent 
growth of WEHI-3 leukemia cells. 
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survival rates after injection of 106 vital leukemia cells. Balb/c mice received 106 irradiated (80 Gy) 
leukemia cells 21 and 7 days before tumor cell inoculation 
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Discussion 

The preclinical models described in this 
study were developed to investigate new 
treatment strategies in bone marrow trans
plantation. In particular, they were de
signed to allow the investigation of graft
versus-leukemia (GvL) effects. In the clin
ical situation, marked differences have 
been observed between lymphatic and 
myelocytic neoplasms in terms of suscepti
bility towards antileukemic effects of allo
geneic bone marrow grafts [5, 9, 10]. Thus, 
it would be inappropriate to generalize 
findings obtained with a single leukemia 
model. According to the data presented 
here, the B-cellleukemia A-20 [7] and the 
myelomonocytic leukemia WE HI -3 [8], ful
fill a number of criteria fundamental for 
their application in the context of preclini
cal BMT. 

First, both cell lines were shown to grow 
in vivo, resulting in death due to continuous 
proliferation of the leukemic cell line. Sim
ilar observations have been reported by 
others [11-13]. The direct transfer of cul
tured cells, however, was hampered by the 
fact that even cell doses of ashigh as 107 
were not able to ensure 100 % mortality. In 
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vivo passaged cells, usually splenocytes of 
tumor-bearing animals, have been used by 
others [11, 13], but have the disadvantage 
of a relatively heterogeneous cell popula
tion. Nevertheless, we could demonstrate 
that their malignancy is significantly higher 
as compared to cultured cells but is not 
further enhanced by continuous in vivo 
passage (Table 1). To standardize the inocu
lum, we have pooled large numbers of 
spleen cells from tumor-bearing mice and 
stored them in liquid nitrogen. As few as 104 

of these cells were shown to be lethal 
(Fig. 1). 

Second, both cell lines were shown to be 
nonimmunogenic in syngeneic hosts. In 
man, classical immune reactivity is not 
evocable against autologous leukemia cells. 
To get close to the situation in humans, it 
appears essential to work with leukemia 
cells not expressing immunogenic surface 
structures, e. g., viral antigens. In contrast 
to several other leukemia cell lines that 
have been used to investigate GvL effects, 
[14-17] A-20 and WEHI-3 are not virally 
induced. 

Third, markedly enlarged spleen and 
liver weight provide a genuine and simple 
post-mortem criterion for the diagnosis of 



leukemia as the cause of death after injec
tion of A-20 or WEHI-3. In several other 
studies, comparable criteria have not been 
established and survival time was the major 
parameter analyzed [18-20]. In the context 
of experimental bone marrow transplanta
tion, death of an animal per se does not 
provide sufficient information, since causes 
other than recurrence of leukemia are 
known to influence survival rates, e. g., 
GvH disease or graft rejection. Regrowth of 
leukemic cells in secondary recipients which 
has been used in a number of other studies 
[21] to demonstrate or exclude the presence 
ofleukemic cells is not a feasible criterion to 
study larger number of animals but might 
provide additional information about mini
mal residual disease. Unfortunately, leuko
cyte counts are not invariably elevated and 
thus allow no continuous monitoring of 
leukemic cell growth in case of A-20 or 
WEHI-3. 

Fourth, bone marrow transplantation 
improves the median survival time and can 
be performed safely without any increment 
in treatment-related toxicity due to leuke
mia-related factors, e. g., tumor-lysis syn
drome. It is an important feature of the 
WEHI-3 model that the leukemic relapse 
rate can be modified over a wide range 
(100 %-0 %) by varying the time interval 
between leukemia cell inoculation and bone 
marrow transplantation (Fig. 4). It is there
fore possible to define optimal conditions 
for the investigation of different factors 
influencing the risk of relapse in a positive 
or negative direction. In contrast to WEHI-
3, A-20 represents a higher malignant 
hematological neoplasia that is difficult to 
treat with radiotherapy, even at an early 
stage of the disease (Fig. 3). 

We have now started a series of experi
ments to examine the antileukemic effect of 
allogeneic as compared to syngeneic bone 
marrow transplantation. Preliminary data 
are encouraging and indicate that GVHR is 
not a prerequisite for GvL activity of allo
geneic grafts. Thus it may become possible 
to enhance the antileukemic effect of allo
geneic bone marrow grafts without a con
comitant increase in GvHR-induced mor
tality. 

Snmmary 

We have developd two murine models for 
bone marow transplantation in hematolog
ical malignancies. A-20 (B cell) and WEHI-
3 (myelomonocytic) are murine leukemia 
cell lines of Balb/c (H-2d) origin. After 
several weeks in culture, tumor cells were 
maintained in Balb/c mice for two to five 
intravenous passages. Thereafter, spleen 
cells of tumor-bearing mice were pooled 
and stored in liquid nitrogen. After injec
tion of in vivo passaged leukemia cells into 
Balb/c mice, 106, 105 , and 104 cells invariably 
lead to hepatosplenomegaly and death with 
a median survival time (MST) of 16, 21, or 
24 days (A-20) and 15, 21, or 25 days 
(WEHI-3). Prior immunization with irra
diated A-20 or WEHI-3 cells did not affect 
MST. For transplantation experiments, the 
follow-up period was 100 days and relapse 
was defined as death with spleen weight 
>0.15 g. Lethal irradiation (7.5 Gy) fol
lowed by syngeneic BMT at day 10, 5, or 2 
after inoculation of 106 tumor cells resulted 
in prolonged survival times: 26, 27, or 32 
days for A-20 and 23, 42, or > 100 days for 
WEHI-3. After syngeneic BMT at day 5, 
relapse rates of 100 % (A-20) and 55 % 
(WEHI-3) were observed. Our data indi
cate that these two models can be used to 
investigate factors that are supposed to 
influence leukemic relapse after bone mar
row transplantation. 
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Immunomagnetic Removal of Malignant Cells from Human 
Bone Marrow Prior to Autologous Bone Marrow Transplantation 

1. Zingsem, T. Zeiler, V Weisbach, K. Stahlhut , R. Zimmermann, S. Serke, W Siegert, 
and R. Eckstein 

Introduction 

Autologous bone marrow transplantation 
(ABMT) following myeloablative chemo
radiotherapy is an alternative to conven
tional chemotherapy for poor prognosis 
lymphoid malignancies in patients without 
HLA- and MLR-identical donor for alloge
nous bone marrow transplantation [1]. 
However, the patient's bone marrow (BM) 
might be infiltrated by tumor cells even in 
clinically complete remission. Many trans
plantation centers are investigating differ
ent techniques to remove these tumor cells 
from the BM prior to the marrow reinfu
sion , therefore. Monoclonal antibodies 
directed against tumor associated antigens 
are being used either in the presence of 
complement or bound to toxins or inert 
particles as magnetic microspheres [2, 3]. 
We report here purging results in the BM of 
the last 27 out of 33 patients suffering from 

Blutbank Abteilung Innere Medizin und Poli
klinik, Universitatsklinikum Rudolf Virchow 
Standort Charlottenburg, Freie Universitat , Ber: 
lin , FRG 

67 % 

C-ALL, B-ALL, Burkitt's lymphoma, T
ALL or T-cell-Iymphoma (Fig. 1). 

Materials and Methods 

Bone Marrow Processing 

Under general anesthesia, BM was har
vested from the posterior and anterior iliac 
crests and collected in RPMI 1640 with 
preservative-free heparin . The cells were 
filtered through stainless steel mesh before 
they were concentrated with a blood cell 
separator (Haemonetics V50, Cobe 2997 or 
Cobe Spectra). The hemolytic plasma was 
rejected and the red blood cells were 
retransfused to the patient. As the obtained 
BM-cell concentrates contained more than 
80 % mononuclear cells, no further centri
fugation procedure has been done. 

Monoclonal Antibodies and Immuno
beads 

Immunobeads are monodisperse , magne
t17!lhlp oAhnYlPT n'Artl,..lp~ "'1th ':l r11'Atn P tPT nf 

8-ALLI 
B-Lymphoma 

12 % 

T-ALLI 
T-Lymphoma 

21 % 

Fig. 1. Bone marrow purging: distribution of patients 
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Table 1. Composition of Moab cocktail 

Subtype Moab specificity 

C-ALL Anti-CDlO 
Anti-CDlO 
Anti-CD19 
Anti CD24 

B-ALLI Anti-CDl9 
Burkitt's lymphoma Anti-CDlO 

Anti-CDIO 
Anti-CD24 

T-ALLI Anti-CD2 
T-Iymphoma Anti-CD3 

Anti-CDS 
Anti-CD7 

4.5 fAm and a surface area of 3-5 m"/g 
(Dynabeads M-450, Dynal, Norway) [4]. 
They are coated with approximately 5 fAg 
affinity-purified sheep-anti-mouse IgG/mg 
beads (SAM beads). 
A cocktail of target cell specific monoclonal 
antibodies (MoAb) was coupled to the 
SAM beads in a ratio of 3.3 fAg MoAb 
cocktail/mg SAM beads by incubation over
night at 4 0c. Depending on the patient's 
lymphoma or ALL subtype, the MoAb 
cocktail was composed as shown in Table 
l. 

In addition to these individually coated 
beads, Dynabeads M-450 Pan-B (anti
CD19, clone ABl) and Dynabeads M-450 
Pan-T (anti-CD2, clone ITI4Cl) were used. 

2 

4 

Clone [5] source 

ALB1 Immunotech, France 
ALB2 Immunotech, France 
CLB-B4 Jannsen, Belgium 
ALB9 Immunotech, France 

CLB-B4 Jannsen, Belgium 
ALB2 Immunotech, France 
ALBl Immunotech, France 
ALB9 Immunotech, France 

6FIO-3 Immunotech, France 
X35-3 Immunotech, France 
BLla Immunotech, France 
8H8-1 Immunotech, France 

Before use, the beads were washed three 
times in phosphate-buffered salt solution 
(Seromed, FRG). 

Treatment of Bone Marrow Cells 
with Beads 

In a first step, BM cells were incubated with 
MoAb-conjugated beads at a bead/cell ratio 
of two beads per mononuclear cell for 30 
min at 4 °C in Baxter transfusion bags on a 
flat bottom agitator. Subsequently, the 
blood bag with the BM cells was placed 
upside down in a magnetic cell separation 
unit (Dynal, Norway) as schematically 
shown in Fig. 2. 

5 

Fig. 2. Magnetic cell separation unit. 1 = blood bag containing BM with beads, 2 = magnetic cell 
separation unit, 3 = peristaltic pump, 4 = magnetic trap,S = collection bag 
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While stepwise reducing the distance 
between the bag and the magnets, the 
magnetic field strength in the bag was 
increased from 10 % to 100 % of the maxi
mal field strength. The cell suspension was 
then sucked out of the bag to an attached 
600-ml collection bag using a peristaltic 
pump (Watson Marlow 503S) while the 
bead-cell rosettes and the excess beads were 
fixed in the blood bag. To remove beads that 
might have left the bag, a 150-ml bag in a 
magnetic trap was inserted between the 
pump and collection bag. In the following 
second purging cycle the bead/cell ratio was 
one bead per mononuclear cell, the incuba
tion and separation remaining as described 
for cycle l. 

After the second purging cycle, the cell 
suspension was concentrated by centrifug
ing when necessary, resuspended and mixed 
with freezing medium to a final concentra
tion of 10 % DMSO in 700 ml Gambro 
hemofreeze bags (Gambro, FRG). The 
purged BM was then cooled to -100 DC in a 
Planar freezing machine (Planar, UK) and 
subsequently stored under liquid nitro
gen. 

Table 2. Mean MNC and CFU-GM reduction 

Tumor type MNC x lOs/kg 

Initial Purged 

B 3.2 0.8 
C 3.1 0.8 
T 3.0 0.8 

Table 3. Tumor cell reduction achieved 

Log 

Tumor type CD2 CDS 

B nd nd 

C nd nd 

T 2.4 2.0 
(0.9-3.4) (0.9-3.S) 

Quality Control 

Samples from the initial BM-cell suspen
sion as well as after each step of the 
procedure were taken for white cell counts 
and cytomorphologic smears, bacteriologi
cal controls, viability tests (trypan blue), 
immunological phenotyping and stem cell 
tests (CFU-GM). 

Results 

Unspecific Cell Losses 

The mean MNC and CFU-GM reduction 
during the complete procedure is shown in 
Table 2. 

This results in a 0.6110g MNC and a 0.56 
log CFU-GM reduction. 

Efficacy of Tumor Cell Depletion 

The initial BM contamination with tumor 
type related antigen positive cells ranged 
from less than 0.03 % to 70 %. The tumor 

CFU x 104/kg 

Initial Purged 

23.S 4.7 
24.4 7.9 
12.6 S.4 

reduction for antigen 

CD7 CDlO CD19 

nd nd 1.8 
(1.3-2.6) 

nd 1.6 1.7 
(1.0-2.8) (1.2-2.8) 

2.2 nd nd 
(0.8-3.4) 
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cell reduction that could be achieved is 
shown in Table 3. 

Specific data for each purging procedure 
are shown in Figs. 3-5. 

Discussion 

In comparison with laboratory experiments 
showing a 4-5 log tumor cell depletion, the 
purging of not artificially contaminated 
bone marrow seems to be less effective. This 
is especially caused by the limits of cell 
detection techniques (FACS) that usually 
enable a detection ofless than 3 positive out 
of 10000 cells (0.03 %) only. However, ex 
vivo purging of bone marrow prior to 
ABMT using MoAbs and SAM beads 
allows satisfactory tumor cell reduction by 
sufficient stem cell recovery. 
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High-Dose VP-16 (HD VP-16) and Fractionated Total Body 
Irradiation (F -TBI) Followed by Autologous Bone Marrow 
Transplantation (ABMT) in Children with Relapsed or 
High-Risk Acute Lymphoblastic Leukemia (ALL) 

R. Schwerdtfeger I , H. Schmid2 , 1. Zingsem I, 1. Beck3 , C. Bender-Gotze4 , R. Dopfers, 
H. Peters", G. Hentze2 , and W. Siegert I 

Introduction 

In spite of the increasing knowledge of risk 
factors in childhood ALL [1] and risk
adapted chemotherapy [2], the prognosis of 
high-risk ALL remains extremely poor. 
High-risk factors include abnormal cyto
genetics, no response to conventional che
motherapy (CC), relapse within 18 months 
of diagnosis, relapsed T-ALL and multiple 
relapses. By CC continuous complete rem
ission (CCR) is achieved in less than 10 % of 
patients (pts.). Allogeneic bone marrow 
transplantation in CR2 ALL leads to leu
kemia-free survival in about 30 % of pts. 
[3]. In children without a suitable marrow 
donor the same or an even more aggressive 
antileukemic treatment and autologous 
BMTmay offer a chance for long-lasting CR 
or even cure. Stimulated by early promising 
results in high-risk ALL in CR1 and CR2 [4, 
5], we started a clinical study using a new 
and well-tolerated conditioning regimen 
and ABMT. The regimen, which was intro
duced by BLUME for allogeneic BMT, 
consisted of HD VP-16 and F-TBI [6]. So 
far, 23 children in first, second, or subse
quent remission have entered the study. 

Patients and Methods 

Between December 1987 and October 
1990,23 children (17 males and 6 females), 

UKRV IMed. Klinik and Kinderklinik2 Berlin; 
Univ.-Kinderkliniken 3Erlangen 4Mlinchen und 
5Tlibingen (FRG); 6St. Anna-Kinderspital,Wien 
(Austria) 
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median age 311112 (range, 14/12 to 13 2112) 
with high-risk ALL received ABMT after 
HD VP-16 and F-TBI. At the time of 
transplantation 12 pts. were in second, 7 in 
third, and 2 in fourth remission. The two 
patients who were transplanted in first 
remission were PhI positive (Pat. *1) and 
unresponsive to conventional chemothera
py, respectively (Pat. *20). Nine pts. had 
relapsed within 24 months of diagnosis. For 
pts. transplanted in CR 2 the median dura
tion of first remission was 18 months (range, 
9-26), for those transplanted in CR 3 the 
median duration of second remission was 40 
months (range, 16-68). The median time 
from last relapse until AMBT was 152 days 
Irange, 63-419). 

Relapse 

Analysis of the sites of relapse before 
ABMT showed that 13 pts. had BM relapse 
only, 5 pts. had CNS relapse only, and 1 pt. 
had isolated testicular relpase. Two children 
suffered from recurrent BM and CNS dis
ease (Table 1). 

Bone Marrow Harvest 

All but three pts. underwent bone marrow 
harvest at a median of 69 days (range, 
1-217) after achieving CR. In three pts. 
bone marrow was harvested during the 
preceding CR. 



Table 1. Patient characteristics 

Pat. Sex Age Date 
(yrs) of 

Pheno- Status 
type 

Duration of Site of Purged Date Day Status 
Remission last of after 
(mths) at 

diagnosis 1st 2nd 3rd relapse ABMT ABMT 

F 

2 M 

3 M 
4 M 
5 M 

6 M 
7 M 
8 M 
9 F 

10 M 

11 F 
12 M 
13 M 
14 M 
15 M 
16 M 
17 F 
18 F 
19 M 
20 F 
21 M 
22 M 
23 M 

3 Jul-89 p-B- CRI 
ALL 

10 Oct-86 p-B- CR2 
ALL 

4 Mar-88 B-ALL CR2 
4 Jun-86 c-ALL CR2 
6 Nov-85 c-ALL CR2 

1 Sep-86 c-ALL CR2 
13 Nov-87 c-ALL CR2 

I Jul-86 c-ALL CR2 
4 Jul-86 c-ALL CR2 
2 Feb-88 c-ALL CR2 

11 Mar-88 c-ALL CR2 
2 Jan-83 c-ALL CR3 
3 Oct -84 c-ALL CR3 
2 Jan-81 c-ALL CR3 
3 Aug-83 c-ALL CR3 
3 Jun-81 c-ALL CR3 
4 Mar-86 c-ALL CR3 
5 Jul-77 c-ALL CR3 
2 Jun-82 c-ALL CR4 
2 May-87 T-ALL CRI 

10 Dec-86 T-ALL CR2 
4 Scp-86 T-ALL CR2 
3 Dec-82 T-ALL CR4 

9 

26 
21 
26 

15 
18 
17 
11 
18 

24 
34 
24 
42 
31 
28 
33 

106 
39 

13 
26 
18 

40 -
27 
51 
22 
68 
16 
45 
17 8 

CNS 

BM 
BM 
BM! 
CNS 
CNS 
BM 
BM 
BM 
BM! 
CNS 
BM 
BM 
BM 
T 
BM 
BM 
BM 
BM 
CNS 

BM 
CNS 
CNS 

Yes 

Yes 

Yes 
Yes 
No 

No 
Yes 
Yes 
Yes 
Yes 

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

Feb-90 +364 

May-88 115 

Oct-90 +142 
Jul-88 212 
Mar-89 +702 

Jul-88 150 
Oct-89 144 
Apr-88 65 
Dec-87 101 
Feb-90 14 

Oct-90 +114 
Apr-89 156 
May-89 105 
Jan-89 +752 
May-88 99 
Jan-90 26 
Jun-90 146 
Jul-90 +205 
Feb-88 94 
Dec-87 41 
May-88 43 
Apr-89 +688 
Dec-88 132 

A&W 

R,D 

A&W 
R,D 
A&W 

R,D 
R,D 
R,D 
R,D 
I, D 

A&W 
R,D 
R,D 
A&W 
R,D 
I, D 
R,D 
A&W 
R,D 
I, D 
R,D 
A&W 
R,D 

Abbreviations: F, female; M, male, p-B, prae-B; AMBT, autologous bone marrow transplanta
tion; BM, bone marrow; CNS, central nervous system; T, testes; A&W, alive and well; R, re
lapse; L infection; D, died 

Purging 

In vitro BM purging was performed in 19 
transplants, A cocktail of monoclonal anti
bodies attached to magnetic beads [7, 8] 
based on disease lineage was used in 15,4-
hydroxycyclophosphamide in two and a 
combination of both in the remaining two 
transplants, 

Patient Treatment 

First-line chemotherapy was performed 
according to BFM protocols [1] in 19 pts, 
Different protocols were used in four pts, 
Leukemic relapse was treated according to 

BFM-relapse protocols [2], All pts, re
ceived fractionated total body irradiation, 
i. e., 12 Gy in six divided doses of 200 cGy 
each on day -6, -5 and -4 with lung 
shielding at 9-10 Gy. VP-16 (60 mg/kg) was 
infused over 4 h on day - 3. Autologous BM 
was rapidly thawed and reinfused imme
diately by intravenous bolus. 

Results 

Data were analyzed as of 17th February 
1991. The probability of event-free survival 
(EFS) at 2 years after ABMTwas 25 % (Fig. 
1). Of the 23 pts., 13 relapsed and died, 3 
died from infection early in the course of 
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Fig. 1. Event-free survival: all patients (n=23) 

ABMTand 7 remained in CCR at a median 
of 364 days (range, 114-752) (Table 1). 

Survivors 

One out of the seven surviving pts. was 
transplanted in first CR, four in second CR 
and two in third CR. Among the surviving 
children there was one with pre-B-ALL 
(PHI +), one with B-ALL, and five with 
c-ALL. 

Relapses 

Thirteen pts. (57 %) relapsed at a median of 
132 days (range, 43-212). Relapse occurred 
in 7 out of 12 pts. grafted in second CR, in 4 
out of 7 grafted in third CR and in both pts. 
grafted in fourth CR. BM was the site of 
relapse in 12 pts., CNS in 1 pt. Duration of 
first remission was a prognostic factor for 
pts. transplanted in second CR. All pts. with 
an initial remission duration of 24 months 
or longer are alive and disease free whereas 
no pt. with an initial remission duration of 
less than 24 months survived. This differ
ence is statistically significant (p = 0,0005, 
chi-square test). 
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Transplantation-Related Death 

Three pts. transplanted in first, second, and 
third remission died from infectious compli
cations at day 14 (legionella pneumonia), 
day 26 (aspergillus pneumonia) and day 41 
(disseminated aspergillosis). 

Discussion 

Our group of pts. represents a cohort of 
typical ALL pts. with very poor prognosis if 
treated by conventinal chemotherapy. In 
order to improve treatment results ABMT 
was performed in 23 children. With high
dose chemoradiotherapy followed by 
ABMT, 30 % of pts. are currently disease 
free and the probability of EFS is 25 % at 2 
years. This is an accordance with results 
reported by Sallan et al. [9], Kersey et al. 
[10], and Rizzoli et al. [11]. Like Sallan et 
al. [9] we found that the duration of the 
initial remission was a highly significant 
prognostic factor for long-term EFS after 
ABMT. 

Relapse after ABMTwas the major prob
lem with an actual rate of 57 % and a 
probability of 71 % at 2 years. Our data do 
not allow any conclusion as to the role of 
bone marrow purging for prevention of 
relapse since most pts. received purged 



marrow. But there is a accumulating evi
dence that relapse arises rather from refrac
tory disease in vivo than from reinfused 
BM. HD VP-16 and F-TBI is apparently not 
sufficient in eradicating residual leukemic 
cells in CR pts. Since regimen toxicity was 
low except for severe stomatitis a more 
aggressive combined chemoradiotherapy 
before ABMT may lead to an increase in 
EFS. A deficient immune system due to HD 
VP-16, F-TBI and ABMT [12,13] may be a 
factor contributing to relapse. The early 
occurrence of relapse after ABMTsupports 
this suggestion. Therefore, a post-trans
plant immunostimulating or -modulating 
therapy using cytokines such as IL-2 and 
interferon may improve EFS following 
ABMT. If long-term EFS could be 
increased to more than 30 % ABMT would 
offer a promising alternative to allogeneic 
BMT, particularly if one considers morbid
ity and mortality due to graft versus host 
disease. 
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Understanding the Mechanisms of Cure in Acute Myeloblastic 
Leukaemia: Towards a Modern Immunotherapy 

H. G. Prentice 

Introduction: Mechanisms of Cure 
Revealed by Bone Marrow Transplanta
tion Studies 

The published literature suggests that less 
than 25 % of patients with de novo acute 
myeloblastic leukaemia (AML), treated by 
intensive chemotherapy, are cured by this 
approach [1, 2]. Modest improvements 
have been claimed for treatment on high
dose cytosine arabinoside (HD-Ara-C) 
containing combinations [3] and in younger 
patients on the VAPA protocol [4]. As a rule 
more than 60 % experience disease recur
rence [5, 2]. 

Although considerable unique morbidity 
and mortality associated with allogeneic 
bone marrow transplantation (BMT) re
stricts the cure rate to 45 % - 50 %, this is 
the only method proven to have a major 
impact on the disease. International 
(IBMTR) and European (EBMTR) Mar
row Transplant Registry data show a relapse 
rate (RR) of approximately 20 % for trans
plants in first complete remission (CR) [6, 
7]. 

In contrast some studies in which the 
delicate donor/recipient immune balance 
has been disturbed by T lymphocyte deple
tion show loss of the anti-leukaemic benefit 
of BMT and have returned the relapse risk 
to 60 % [8-10]. At these centres the condi
tioning regimen was identical to that used 
prior to the introduction of T-cell depletion 
suggesting that the difference in RR is 

Bone Marrow Transplant Programme, Royal 
Free Hospital School of Medicine, London, 
UK 
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largely due to the loss of the anti-leukaemic 
activity of the donor-derived immune sys
tem (the graft-versus-leukaemia or GvL 
effect) [11] and that the leukaemia ablative 
effects of the conditioning regimen make 
only a modest contribution to cure. Under
standing of these phenomena has resulted 
in a resurgence of interest in immunother
apy which might mimic the GvL effects of 
allogeneic bone marrow transplantation. 

Evidence for the Relative Contributions 
of the Conditioning Regimen and GvL 
in the Cure of AML 

Recent studies suggest that the anti
leukaemic effect of the conditioning regi
men may be modest. First, several studies 
have failed to show any benefit from 
increased intensity of conditioning. Second, 
three groups have reported a substantial 
increase in relapse risk when donor bone 
marrow is depleted of T lymphocytes des
pite the use of unaltered conditioning 
regimens. The Royal Marsden Hospital [8] 
reported an RR of 30 % using conventional 
(non-T-depleted) donor marrow. This in
creased to 60 % with T-Iymphocyte
depleted marrow. Atkinson et al. [9] 
showed in increase in RR from 37 % to 
62 % with T-cell depletion. These findings 
were confirmed by Maraninchi et al. [10]. 
For each group the RR for patients receiv
ing T-Iymphocyte-depleted bone marrow 
approached that observed for patients 
treated with chemotherapy alone. The 
observations are similar to those made by 
the Seattle BMT group when they intro-



duced the "short methotrexate (MTX) plus 
cyclosporin N' combination into their stan
dard protocol for BMT in AML. This 
resulted in a substantial increase in the risk 
of leukaemia relapse [12]. Although this 
effect was reversed by redressing the 
immune imbalance by increasing the total 
dose of radiotherapy to 1575 cGy, survival 
was unaffected because of increased toxici
ty of the conditioning regimen. The most 
reasonable explanation for this observation 
is a return of the advantage to the donor
derived immune system rather than a dra
matic increse in antileukaemia effect by the 
modest increment in the radiation dose. 

Our inability to identify a relationship 
between the intensity of conditioning and 
cure rates suggests that the anti-leukaemic 
contribution of the conditioning regimen is 
indeed modest. 

Although the studies detailed above indi
cate that T-cel1 depletion of donor marrow 
can be associated with an increse in the RR 
fol1owing aIlogeneic BMT, this finding is 
restricted to centres which failed to antici
pate the effect of loss of immunosuppres
sive effect of donor-derived T lymphocytes. 
Data from the Royal Free Hospital [13], 
The Glasgow Royal Infirmary [14],Wiscon
sin [15] and Dutch groups [16] and others 
show no increase or even a slight reduction 
in relapse risk with T-cel1-depleted BMT. 
This disparity is probably not attributable 
to the method (antibody/elutriation, etc.) 
ofT-cell depletion, which is very varied, but 
to a combination of the extent of T-cell 
depletion and the degree of host immuno
suppression by the conditioning regimen. 

Effectors of Graft-Versus-Leukaemia 

Both preclinical and clinical data (above) 
support a substantial role for T cells 
(? CTLs). Our own studies show that the 
immune reconstitution after either allo
geneic or autologous (ABMT) bone mar
row transplant is characterised by an envi
ronment hostile to residual leukaemic cells 
[17]. This anti-leukaemic activity has two 
main components. The first is cell mediated 
and characterised by the appearance in the 
circulation of mononuclear cells with large 
granular lymphocyte (LGL) morphology 

able to lyse targets which are relatively 
resistant to killing by lymphocytes in nor
mal individuals. Since no extraneous lym
phokine is applied, we have termed these 
cells "activated killer" (AK) cells in contrast 
to "lymphokine activated killer" (LAK) 
cells. 

The phenotype of these AK ceIls is either 
CD3-CDI6+ (i.e., NK derived) or 
CD3+CD16-. In vitro, these ceIls kill leu
kaemic cell lines and may contribute in vivo 
to the eradication of minimal residual leu
kaemia [18]. The increased number and 
activity of these ceIls returns to baseline by 
about 3 months after BMT. AdditionaIly 
both popUlations secrete cytokines which 
have synergistic inhibitory activity against 
leukaemic cells in culture which we have 
identified as y-interferon (yINF) and 
tumour necrosis factor (TNF) [19]. Neither 
the cells nor their secondary cytokines are 
detected after treatment of leukaemia by 
combination chemotherapy [17, 20] al
though Kiyohara et al. [21] have found 
increased NK activity 1 month after certain 
chemotherapy combinations in patients 
with urological neoplasms. 

Interleukin 2 Treatment of Patients with 
Residual Leukaemia and New Immuno
modulatory Drugs 

Following our observation that AK ceIls 
briefly exposed to the cytokine IL2 could 
further substantially augment the lysis of 
AML blasts and inhibit clonogenic leu
kaemic growth [22], we embarked on a 
phase IIII study of the administration of IL2 
in 22 patients with a range of haematologi
cal malignancies. IL2 was given by intrave
nous infusion to 14 patients with AML 
recovering after chemotherapy with or 
without autologous BMT in either first or 
second CR. The patients were aged between 
18 and 67 years (median 33 years) and 
received one to two infusions of IL2 over 
3-5 days with a maximum daily dose of 3 x 
106 Cetus units/m2 per day. Two initial 
patients were treated in a phase I trial with 
escalating doses of IL2 given over a 6 h 
infusion. These patients treated for 11 and 
12 days developed severe toxicity with high 
fever, prostration and cardiovascular col-
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lapse. Modification of the protocol with 
continuous infusions (CI) permitted the 
administration of equivalent or greater 
total doses over a shorter period without 
severe toxicity. Although fever, malaise, 
nausea and vomiting and hypotension 
remained common, no patient required 
admission to an intensive care facility [23]. 
Lymphokine activated killer (LAK) cells 
appeared in the peripheral blood during the 
infusions. These cells, when incubated with 
myeloid leukaemic blasts, significantly in
hibited the growth of leukaemia colonies 
and also produced high levels of both TNF 
and yINF [20, 24]. IL2 also increased the 
peripheral blood neutrophil count and our 
studies show evidence that this may be due 
to the secondary production of GM-CSF. 

A review of the European experience of 
IL2 usage in haematological malignancies 
shows that more than 100 patients have 
been treated. The most frequent indication 
has been AML. The most pertinent infor
mation concerns patients treated at the two 
extremes of their disease - chemotherapy 
resistant and/or relapsed disease and those 
in first CR. Thirty-eight patients have been 
treated by IL2 alone for relapsed and/or 
refractory AML. Six achieved complete 
remission (+ five partial remissions), these 
remissions lasting 3-30+ months [25]. 
Twenty-three patients have had IL2 in first 
CR (four had preceding MDS). Of the 19 
primary cases, 8 had an ABMTprior to IL2 
and 7 remain in CR from 1-32+ months (1 
died from the treatment). Ofthose having 
chemotherapy alone 7 of 11 remain in CR. 
Four of four with prior MDS relapsed (one 
had an ABMT). Very few patients treated 
beyond first CR remain free of disease. 
Rapid relapse in two cases of M5 AML [26] 
and laboratory data for IL2 receptor 
expression in some cases of AML (26, 27] 
must caution us against undue optimism -
although Foa has published encouraging 
contradictory observations [28]. 

Preliminary studies with IL2 show that 
first: toxicity can be manageable; second, 
patients beyond first CR (however pre
treated) are generally not cured, nor are 
those with a preexisting MDS; third, 
patients in first CR who have an ABMT 
prior to IL2 may represent the best prospect 
for cure by this immunotherapeutic ap-
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proach. Logic suggests this approach since 
the disease is likely to be at its nadir at this 
point and the immune environment may be 
ideal since it is already primed [17]. 

Linomide (Pharmacia - Leo) is an orally 
active drug with a long half-life which when 
taken in once or twice weekly dosing is 
apparently able to mimic all of the biologi
cal effects of IL2. Early phase IIII studies 
show only modest toxicity. Randomised 
studies are now underway in AML after 
ABMT (placebo controlled). 

The outcome of current parallel random
ised studies examining the role of IL2 and 
Linomide are urgently awaited. Immuno
therapy is a promising but weak modality of 
therapy and benefit is most likely to be 
detected in patients with minimal residual 
disease (MRD). Since ABMTcan "prime" 
the biological effectors we would recom
mend that such trials be done in patients in 
first CR having ABMT after best current 
chemotherapy [29]. 
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Interleukin 2 Treatment in the Management 
of Acute Leukemia Patients* 

R. Foal, G. Meloni2, A. Guarini', M. Vignetti2, A. Gillio Tos', S. Tosti2, A. Novarinol, 
F. Gavostol, and F. Mandelli2 

Introduction 

The possibility of successful employment of 
an immunotherapeutic approach to the 
treatment of solid tumor patients has been 
boosted by the encouraging results ob
tained starting from the mid-1980s using 
interleukin 2 G (IL2) usually in association 
with ex vivo generated lymphokine-acti
vated killer (LAK) cells [1-3]. Though the 
real impact of this innovative treatment 
modality still needs to be fully appreciated, 
a proportion of complete and, more often, 
partial remissions have been obtained in 
cancer patients with advanced and resistant 
disease, particularly renal cell carcinoma 
and melanoma. 

Immunotherapy with IL2/LAK cells is 
potentially applicable to all neoplastic 
patients, since the cytotoxic effectors of the 
lytic activity are present in all body tissues. 
In view of the lack of available information 
for acute leukemias and of the necessity of 
pursuing new therapeutic modalities for 
this category of patients, different groups 
including our own have extensively investi
gated in the preclinical setting the potential 
applicability of an IL2-mediated approach 
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[4-9]. The results obtained indicated that 
both acute myeloid leukemia (AML) and 
acute lymphoid leukemia (ALL) blasts can 
be lysed by LAK cells and that few leu
kemic cells may be eliminated by normal 
LAK effectors. Furthermore, patients in 
complete remission (CR) often display a 
good LAK activity, also against autologous 
blasts, and a satisfactory LAK function 
may be generated in bone marrow and 
peripheral blood samples containing a vari
able, often high, proportion of leukemic 
cells. Finally, using as a model immunosup
pressed nude mice, it was possible to 
demonstrate that normal LAK cells, as well 
as IL2 alone, were capable of blocking the 
growth of human leukemic cell lines and 
primary blasts. 

Cliuical Applications 

The above summarized data have repre
sented the necessary background towards 
the clinical exploitation of immunotherapy 
in the management of acute leukemia 
patients. Our experience in vivo was ini
tiated at the beginning of 1988 through a 
collaborative project between our Institu
tion and the chair of Hematology in Rome. 
In view of the lack of definitive evidence 
that the combined use of IL2 and LAK cells 
was truly superor to IL2 alone, we elected to 
employ in our patients only IL2 (by Glaxo 
1mb, Geneva, Switzerland) and opted for a 
daily continuous infusion protocol. Based 
on the toxicity observed in the first patients 
treated, we thereafter used a daily escalat
ing protocol aimed at repeated 5-day cycles 



of IL2 with a 2- to 3-day interval between 
each cycle. The maximum dose reached in 
the "induction" courses was 1000 Mg/m2 per 
day. When applicable, "maintenance" cycles 
were administered with 5-day monthly low
dose courses of IL2 given i.v. over a 6-h 
period on an outpatient basis. 

In view of the lack of information on the 
toxicity, hematological modifications and 
clinical effects, several patients with 
advanced and resitant acute leukemia were 
enrolled, particularly in the early entries. 
Thereafter, and on the basis of the results 
obtained, different categories of patients in 
different phases of the disease have entered 
our protocol. 

Summarizing the results obtained during 
this 3-year experience, it is felt that IL2 
alone has little effect in patients with a large 
marrow blastosis. This is probably contrib
uted by a numerical insufficient quantity of 
evocable cytotoxic effectors due to the 
heavy blastic contamination, namely at the 
marrow level. In addition, it should be 
noted that our group has recently shown 
that in most acute leukemia patients at 
diagnosis and in relapse there is a defect of 
the LAK machinery, often recognizable 
only in an autologous setting [10], suggest
ing therefore that in patients with a large 
tumoral mass it may be difficult to generate 
LAK cells active specifically against the 
leukemic population of the host. 

It is worth noting that in individual 
patients who did not respond to IL2 alone, 
an unexpected response to chemotherapy 
was thereafter observed, suggestive of a 
possible synergistic effect between the cyto
kine and the cytotoxic drugs. We have 
recently confirmed in vitro this in vivo 
clinical observation, using a clonogenic sys
tem in semisolid media which showed that 
AML blasts preincubated with IL2 may 
become significantly more susceptible to 
the lytic action of Ara-C [11]. 

The situation appeared quite different 
when patients with small, but detectable 
reistant disease were enrolled. So far, seven 
patients with 8 %-15 % resistant bone mar
row blasts have been treated with IL2 
alone. Of the five AMLs, three have 
obtained a complete remission (CR) with 
two to four cycles of IL2. One patient 
persists in fourth CR 38 months later, 

another remained in third remission for 4 
months and the last for 9 months before 
relapsing. It should be noted that the latter 
obtained a fourth CR with low-dose Ara-C 
and is currently again on a maintenance 
protocol with IL2. Of the two ALLs, one 
obtained a short-lived CR. The detailed 
clinicohematological information on the 
AML cases treated with IL2 and hereby 
discussed are reported in Foa et al. [12, 
13]. 

The side effects in the treated patients 
were, using the daily escalating protocol, 
acceptable and in line with those described 
for other patient categories. None of the 
patients ever required intensive case treat
ment. The "maintenance" cycles were of 
overall easy administration in the outpa
tients department and, as expected, the 
side effects of lesser severity. In terms of 
clinical modifications, most patients experi
enced, after the IL2 "induction'~ courses, a 
more or less evident splenohepatomegaly. 
Hematologically, under IL2 infusion a neu
trophilia with eosinophilia was noted. After 
stopping IL2, an increase in WBC count was 
recorded coupled to a lymphocytosis with 
large granular lymphocytes, often with 
prominent polar protrusions rich in azuro
philic granules (Fig. 1). 

Prolonged "induction" treatment is fre
quently followed by a moderate anemia and 
by a moderate to severe thrombocytopenia. 
The latter in some cases necessitates sup
portive treatment. Recent data by our 
group [14] suggest that the IL2-generated 
LAK cells are capable of playing a marked 
inhibitory effect on the in vitro growth of 
autologous bone marrow megakaryocytic 
progenitor cells. This effect appears to be 
largely mediated by tumor necrosis factor 
(TNF) alpha. 

Another clinical setting in which the 
administration of IL2 bears a relevant 
potential application is after an autologous 
bone marrow transplantation, in an attempt 
to boost the cytotoxic compartment, which 
has been suggested to be amplified follow
ing this procedure [15]. The results so far 
reported suggest that this approach is feasi
ble and that the LAK compartment may be 
amplified [16] and personal data); it should, 
however, be noted that relatively high doses 
of IL2 could be administrered only at 
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Fig. 1. Granular lymphocytes with marked polar protrusions following in vivo cycles of recombinant 
ILZ 

approximately 2 months from grafting, 
when a satisfactory hemopoietic recovery 
has been achieved. Whilst this may be 
acceptable for some disorders, for others
for example ALL - a scheme contemplating 
the early infusion of IL2, possibly asso
ciated with LAK cells, may prove to be 
preferable. 

Finally, some preliminary data have sug
gested that IL2 in combination with chemo
therapy may be an option for the lymphoid 
blast crisis of chronic myeloid leukemia 
[17]. 

Biological Modifications 

The immunological monitoring of the 
treated patients has documented several 
modifications of both peripheral blood and 
bone marrow lymphocytes [18]. At the 
phenotypic level , while no major difference 
in the distribution of circulating CD3, CD4 
and CD8 lymphocytes could be docu
mented after two cycles of IL2, in patients 
who underwent four cycles a significant 
increase of CD3+ and CD8+ cells was 
seen. The presence of CD25 + cells , as well 
as an increase of CDI6+ lymphocytes, was 
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recorded both in the blood and in the 
marrow. Functionally, an amplification of 
the natural killer (NK) compartment was 
observed , particularly in patients with more 
limited disease, as well as an increase of 
LAK effectors both in the blood and in the 
marrow. Furthermore, we could document 
that the administration of IL2 is followed by 
the in vivo generation of "spontaneous" 
LAK cells , and, of relevance in view of the 
disease under study, that this event occurs 
also in bone marrow lymphocytes. An 
example of the amplification of the cyto
toxic compartment after treatment with IL2 
is shown in Fig. 2. 

Similarly to what was observed in other 
tumors, also in acute leukemia patients the 
administration of IL2 is followed by an in 
vivo release of TNF alpha and of interferon 
gamma, as documented by the increased 
levels detected in the serum. 

Considerations and Future Perspectives 

Taken together, the results so far obtained 
with recombinant IL2 in acute leukemia 
allow us to consider a role for this innova-
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Fig. 2. Modification of the NK, LAK and "spontaneous" LAK activity in peripheral blood and bone 
marrow lymphocytes of a representative leukemic patient following in vivo administration of IL2 

tive therapeutic modality in the manage
ment of these patients and also allow us to 
suggest some considerations with regard to 
patient selection, as guidelines for future 
studies. 

It seems quite convincingly shown that 
IL2 alone has little effect in patients with a 
large tumoral mass, and for such situations 
a combined approach between IL2 and 
chemotherapy will need to be carefully 
investigated. This approach may also bene
fit from in vitro preclinical evaluations. The 
possible role of IL2 + LAK may also 
deserve some consideration. 

The potential role of IL2 alone in patients 
with limited, but detectable resistant dis
ease obviously requires further confirma
tion, particularly in AML. In this regard, 
the search for additional biological informa
tions, for instance susceptibility of the 
blasts to autologous LAK effectors, will 
represent a major goal in terms of predictive 
tests for patient selection. 

It is clear that the encouraging results 
obtained in the latter category of patients 
indicate that studies in AML in remission 

are warranted. These will be probably 
directed, initially, to pilot studies in first 
CR, as a baseline for a possible randomized 
trial, and to multicenter randomized studies 
for AML patients in second CR. 

The role for IL2, with or without LAK 
cells, following a bone marrow autograft 
still awaits data to support not only the 
feasibility of this approach, but also its 
clinical impact. Furthermore, the validity of 
the two administration modalities above 
suggested (early and late IL2 infusion) will 
need to be defined, before drawing any firm 
conclusion on the potential efficacy of IL2 
treatment after autotransplanting. 

In conclusion, it is realistic to state that 
the clinical results so far obtained are in 
agreement with earlier laboratory data and 
suggest the potential activity of IL2 in the 
management of acute leukemia patients, 
particularly with limited or minimal resi
dual disease. The ongoing trials and the 
search for response predictive factors 
should allow us in the relatively near future 
to define more targeted protocols of IL2 
treatment for acute leukemia patients. 
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Assessment of Lymphokine-Activated Killer Activity Against 
Myeloid Leukemic Blasts and the Myeloid Cell Line K562 by 
Flow Cytometry 

H. S. P. Garritsen l , G. M. 1. Segers-Noltenl, K. Radosevicl, B. G. de Grootht, 
M. KiehF, B. Wormann2, W Hiddemann2 , and 1. Greve l 

Introduction 

It is well known that recombinant interIeu
kin-2 (rIL-2) and other lymphokines can be 
used to increase cell mediated cytotoxicity 
ofPBL against non-HLA restricted targets. 
Futhermore rIL-2 is able to induce cell 
mediated cytotoxicity of PBL against tumor 
cells which were first insensitive to cell 
mediated cytotoxicity. These activated lym
phocytes are called lymphokine-activated 
killer (LAK) cells. It is of great importance 
to determine the functional capacities of 
these activated cells for killing specific 
target cells like leukemic blasts. In this 
study we determined the functional capaci
ty of activated killer cells from healthy 
donors for killing blasts from acute myeloid 
leukemia (AML) patients and compared it 
with the capacity for killing K562 cells. We 
use newly developed flow cytometric assays 
for determination of cytotoxicity [1] and 
conjugate formation. In this way we obtain 
information on whether leukemia related 
defects in the killing mechanism occur and 
to what extent it is possible to overcome 
these defects by using specific cytokines. 

Materials and Methods 

Effector cells were obtained from ten heal
thy donors. Peripheral blood lymphocytes 

1 University of Twente, Department of Applied 
Physics, Cell Characterization Group PO Box 
217, 7500 AE Enschede, The Netherlands 
2 Department of Internal Medicine A, Westfii
lische Wilhelms University, Munster, FRG 

were obtained after density separation 
(density 1.077 g/cm3), (Percoll, Pharmacia 
Uppsala, Sweden). The effector cells were 
cultured for 3 days (1 x 106/ml) either with 
or without rIL-2 (500 U/ml) to generate 
LAK cells. Bone marrow aspirates before 
treatment from four AML patients were 
used to obtain mononuclear target cells. 
Mononuclear cells were separated by 
Ficoll-Hypaque gradient centrifugation. 
All aspirates contained over 90 % leukemic 
blasts. Cell were stored in liquid nitrogen 
for 2-3 months. The blasts were thawed 2 
days prior to the experiments. Before the 
assay, cells were checked for viability (via
bility test using ethidium bromide and 
acridine orange staining [2]). Preparations 
with more than 70 % viable cells were used 
as targets. K562, an NK sensitive cell line 
[3], was also used as target. Both types of 
targets were kept in suspension culture at 
37°C, in a 5 % CO2 incubator. 

Staining Procedures 

F-18 staining of target cells was performed 
at a cell concentration of 106/ml using an 
F-18 concentration of 0.010-0.025 [lg/ml. 
The staining procedure was performed as 
described [1]. For determination of conju
gate formation effector cells were stained 
with F-18 using the same procedure. Tetra
methylrhodamine isothiocyanate (TRITC) 
of cells was performed using a 1.3-mM 
stock solution of TRITC (Serva, Heidel
berg, FRG) in ethanol. Twenty microliters 
of the stock solution was added to 1 ml of 
the target cell suspension (cell concentra-
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tion 106/ml). Target cells were incubated in 
the dark, at 37°C, in 5 % CO2 for 1 h. 
Subsequently incubation cells were washed 
twice with excess volume of cold medium 
and resuspended at a final concentration of 
2.105/ml. 

Flow Cytometer 

Experiments were performed with a home
built flow cytometer equipped with a 100-
mWair-cooled argon ion laser tuned to 488 
nm and operating at a power output of 50 
mW The instrument has been described in 
detail elsewhere [4]. For measuring the F-18 
fluorescence a six-cavity filter 530-nm DF 
50-nm (Omega) was used, for PI fluores
cence and TRITC fluorescence an RG 
610-4 mm was used. 

Flow Cytometric Cytotoxicity Assay 

A flow cytometric cytotoxicity test was used 
as described in [1]. Basically this test deter
mines the number of live target cells (NI ) 

and the total number of target cells, alive or 
dead (Nt) in the test sample and in a control 
sample. In this test target cells are flow 
cytometrically identified by F-18 mem-

brane labeling. Dead target cells are char
acterized by F-18 labeling and simultaneous 
propidium iodide (PI) uptake. Cytotoxicity 
is then defined as: 
Nlc - Nltest • 100 % 

Nlc 

Each sample was made in triplicate. 
Three effector: target ratios were tested: 
12.5: 1,25: 1 and 37.5: 1. 

Flow Cytometric Measurement 
of Conjugate Formation 

Target cells and effector cells were stained 
with TRITC and F-18 respectively. Effector 
cells (PBL) were resuspended at the con
centration of 5.106/ml and 0.1 ml of each 
effector cell suspension was mixed with 0.1 
mgl target cell (K562) suspension 
(2.1OS/mI). Each sample was made in tripli
cate. Control samples consisted of target 
cells in medium only. Samples were incu
bated at 37°C for 0, 1, 2, 3 and 4 h. The 
double fluorescent positive particles were 
sorted on a cell sorter to verify that they 
were conjugates. Fluorescence microscopy 
was used to verify that the stains used (F-18 
and TRITC) did not influence conjugate 
formation and cytotoxicity. 

i 36 
HUttBER OF CELLS 

F-t8 

-t 
to 

Fig. I. Flow cytometric cytotoxicity assay using F-18 and PI. rIL-2 stimulated lymphocytes were 
incubated for 4 h with F-18 labeled K562 cells (ratio 37: 1). Only F-18 positive cells are displayed. In 
this plot the number of cells is plotted versus F-18 fluorescence intensity and PI fluorescence intensity 
(note the log scale) 
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Fig. 2. Cytotoxicity of activated lymphocytes from one healthy donor against allogeneic blasts of one 
AML patient donor at different effector to target ratios. Each marker (square or triangle) represents 
one measurement 

Results 

Cytotoxicity 

We determined the cytotoxicity of lympho
cytes isolated from the blood of healthy 
donors against K562 and allogeneic leu
kemia blasts. For this determination we 
used the flow cytometric method described 
previously. Figure 1 gives an example of a 
flow cytometric plot obtained in such a test. 
It shows the number of target cells as a 
function of F-I8 fluorescence (which iden
tifies target cells) and PI fluorescence 
(which identifies dead cells). The influence 
of culturing lymphocytes with or without 
500 U/ml rIL-2 on the cytotoxicity is shown 
in Fig. 2. In this case we used leukemic 
blasts from one AML patient as target cells. 
Clearly the cytotoxicity is much higher and 
the influence of the effector/target cell ratio 
is greater after culturing with rIL-2. That 
the cytotoxicity against K562 is strongly 
dependent on the individual healthy donor 

is shown in Fig. 3. From Fig. 4 it becomes 
clear that similar effects are present for 
cytotoxicity against allogeneic leukemic 
blasts. 

Conjugate Formation 

Using the flow cytometer we also studied 
the conjugate formation. The principle of 
the determination is illustrated in the dot
plot of Fig. 5. In this particular case we used 
an effector/target cell ratio of 25: 1 and 
studied the conjugate formation between 
rIL-2 stimulated lymphocytes and K562. In 
the dotplot separate clusters are obtained: 
unconjugated lymphocytes (FI8 positive, 
TRITC negative); unconjugated K562 
(TRITC positive, FI8 negative); conjugates 
(TRITC and FI8 positive). To check wheth
er this last category of cells were really 
conjugates we sorted this population and 
studied the sample by means of fluores
cence microscopy. Figures 6 shows the 
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Fig. 3. Cytotoxicity against K562 with lymphocytes from nine different healthy donors (A-I). Each 
point represents mean and standard error ofthe results obtained from three measurements. The results 
obtained with and without rIL-2 stimulation of lymphocytes at the same E: Tratio are interconnected 
by a solid line. Measurement prints were put on arbitrary positions along the horizontal axis 
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Fig. 5. Dotplot showing conjugate formation 
between F-18 labeled lymphocytes and TRITC 
labeled K562. Three clusters of events are 
observed: A cluster only positive for F-18, which 
are unconjugated lymphocytes (L); cluster posi
tive only for TRITC, which are unconjugated 
K562 (K) and a cluster positive for TRITC and 
F-18 which are conjugates (C) 

results of such a measurement (85 % conju
gates, 15 % single K562). Figures 6 and 7 
show the simultaneous measurements of 
conjugate formation (Fig. 6) and cell 
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mediated cytotoxicity (Fig. 7) using K562 as 
target cells after 0, 1, 2, 3 and 4 h of 
incubation. rIL-2 stimulated lymphocytes 
of two donors were used at an E : T ratio of 
25: 1. It is clear that stimulation with rIL-2 
increases both conjugate formation and 
cytotoxicity. 

Influence of the Fluorochromes TRITC 
and F-I8 on Conjugate Formation 

Tables 1 and 2 show that F-18 and TRITC 
singly or in combination do not significantly 
influence conjugate formation or viability 
of the target cells as assessed by fluores
cence microscopy. 

Discussion 

The flow cytometric method presented in 
this paper to measure cell mediated cyto
toxicity is a good replacement for the 51Cr 
release assay and can be used with target 
cells which display a relatively low uptake 
of 51Cr and a relatively high spontaneous 
leakage. Even after 4 h of incubation at 
37°C, in 5 % CO2 the separation between 
target and effector cells was no problem. 
Against the NK-sensitive cell line K562 the 
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standard error of the results obtained from three measur
ements with lymphocytes from a single donor. The results 
obtained with and without rIL-2 stimulation at the same 
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majority of healthy donors display a consid
erable (40 % - 70 %) specific cytotoxicity 
(E : T 25: 1), although there exist donors 
with a rather low cytotoxicity. Coculturing 
for 3 days with 500 Vlml rIL-2 increases 
specific cytotoxicity, especially in the low 
E: Tratios, The ability ofNK and LAK cells 
from normal donors to lyse cultured allo
geneic leukemic blasts is also assessed. NK 
activity against cultured leukemic blasts was 
low (0 %-10 % specific cytotoxicity) for 
most donors at all E: T ratios tested. Only 
three of ten donors in the highest E : T ratio 
were able to display more than 10 % specific 
cytotoxicity, indicating that leukemic blasts 
usually escape NK-mediated lysis. The sti-

mulation of LAK cells revealed an increse 
in the specific cytotoxicity against leukemic 
blasts. Seven out of ten donors in the 
highest E: Tratio were able to display more 
than 10 % specific cytotoxicity. In view of 
the short generation time of the LAK cells 
(3 days) and the applied concentration of 
rIL-2 (500 Vlml) this is remarkable. How
ever, successful LAK activation and lysis of 
leukemic blasts occurred with some but not 
with all donors. 

Labeling effectors with F-18 and K562 
targets with TRITC provided information 
about the kinetics of conjugate formation. 
It is shown that rIL-2 stimulated lympho
cytes display different conjugate formation 
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Fig. 6. Photomicrograph of cells obtained after sorting, selecting the double positive fluorescent 
events from Fig. 5. Cells were diretly sorted on a microscopic slide and stained with May-GrUnwald 
Giemsa 
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Fig. 7. Conjugate formation of lymphocytes of two donors (A and B) with K562. Lymphocytes were 
pre incubated with (A +, B+) or without (A- , B-) rI-2. Markers represent the mean of triplicate 
measurements 
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Table 1. Conjugate formation and viability of K652 tested by fluorescence microscopy with a 
combination of ethidium bromide and acridine orange. K562 with rIL-2 stimulated lymphocytes as 
effector cells (E: T) = 25: 1). Results of triplicates are displayed as mean +/-standard error 

Single K562 cells 

Viable Death 

21.5 ± 0.7 20.5 ± 0.7 

+ 20.5 ± 3.5 23 ± 8.5 

+ 
22.5 ± 3.5 24.5 ± 7.8 

+ 22.3 ± 4 21.3 ± 7.5 
+ 

K652 + lymphocytes unstained 

+ K562 TRITC + lymphocytes unstained 

K562 cells in conjugates 

Viable Death 

47.5 ± 2.5 8 ± 3.6 

+ 45 ± 8.5 11.5 ± 3.5 

+ 
43.5 ± 3.5 9.5 ± 0.7 

+ 44.7 ± 6.4 11.7 ± 3.5 
+ 

+ K562 unstained + lymphocytes F-18 

: K562 TRITC + lymphocytes F-18 
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Table 2. Conjugate formation and viability of K652 tested by fluorescence microscopy with a 
combination of ethidium bromide and acridine orange. K562 with unstimulated lymphocytes as 
effector cells (E: T = 25 :1). Results of triplicates are displayes as mean +/-standard error 

Single K562 cells 

Viable Death 

36 ± 5.6 19 ±4 

+ 35 ± 5.7 13 ± 5.7 

+ 
34.5 ± 3.5 17 ± 4.2 

+ 31.6 ± 6.5 30.3 ± 16.3 + 

_ K652 + lymphocytes unstained 

+ K562 TRITC + lymphocytes unstained 

kinetics even when correlated with the 
percentge of killing. To prove that the 
conjugate formation took place, we sorted 
the double positive events and scored them 
after May-Grunwald Giemsa staining. The 
results shown in Figures 6 show that the 
double positive events are indeed conju
gates. Also lymphocytes containing mem
brane-debris (from K562?) were visible, 
suggesting that a conjugate was possibly 
disrupted by sorting. The high number of 
conjugates in the cytospin preparations 
(85 %) in our view justifies the conclusion 
that TRITC and F-18 double positive events 
are indeed conjugates. F-18 and TRITC 
used singly or in combination do not signif
icantly influence conjugate formation or 
viability of the target cells as assessed by 
fluorescence microscopy. 

Our aim is to evaluate LAK cell activity 
against autologous leukemic blasts, to be 
able to investigate aspects of the killing 
mechanism in leukemia. Conventional 
radioactive methods [5] gave frequent prob
lems with high spontaneous release while 
flow cytometric alternatives using internal 
dyes [6-9] also showed high leakage during 
the 4 h of incubation. The methods pre
sented in this paper offer the possibility to 
investigate the cell mediated cytotoxicity at 
a very detailed level, where killing, conju-
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K562 cells in conjugates 

Viable Death 

29.7 ± 4 15.3 ± 4.6 

+ 42 ± 12.7 10 ±4 

+ 
35 ± 1.4 13.5 ± 0.7 

+ 
+ 

22.3 ± 8.9 15.7 ± 5.6 

+ K562 unstained + lymphocytes F-18 

+ + K562 TRITC + lymphocytes F-18 

gate formation and for example immuno
phenotype of effector cells involved in 
killing can be revealed. This is of great 
importance in the study of acute myeloid 
leukemia where multiple defects in the 
killing mechanism of effector cells have 
been reported [10-12]. 

Conclusions 

The flow cytometric method presented here 
can be used to assess cell mediated cytotox
icity of lymphocytes against myeloid leu
kemic blasts. By labeling effector cells with 
F-18 and target cells with TRITC it is now 
also possible to study conjugate formation 
with a flow cytometer. Differences in cell 
mediated cytotoxicity against K562 and 
allogeneic leukemic blasts were found 
between rIL-2 stimulated and unstimulated 
lymphocytes of the same donor. 
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Effect of Cyclosporine on the Frequency of LAK Precursor Cells 
In Vivo and In Vitro* 

D. Bunjes l , M. Theobald I , B. Hertenstein l , M. Weiss I , M. Wiesneth2, R. Arnoldi, 
and H. Heimpel l 

Introduction 

A considerable part of the therapeutic 
efficacy of allogeneic bone marrow trans
plantation (BMT) has been attributed to 
the so-called graft-versus-Ieukemia effect 
(GvL) [1]. Lymphokine-activated killer 
cells (LAK) have been suggested as possi
ble effector cells. Previous studies had 
demonstrated a very rapid regeneration of 
LAK cells afterT-depleted BMT [2, 3]. The 
most effective conventional GvHD prophy
laxis regimen currently available, cyclo
sporine plus methotrexate (CSAIMTX), 
has not been evaluated with respect to its 
effect on LAK regeneration after BMT. 
Such an investigation might be of consider
able interest because there is some evidence 
that CSAIMTX and CSA alone are asso
ciated with an increased risk of relapse in 
patients with acute leukemias. 

We have therefore employed a limiting 
dilution assay to evaluate the early regen
eration of LAK precursor cells after allo
geneic BMT. In addition, the in vitro effects 
of CSA were investigated in the same 
system. 

1 Department of Internal Medicine III and 2De
partment of Transfusion Medicine, University of 
UIm, Robert-Koch-Str. 8, W-7900 VIm , FRG 
* This work was supported by the SFB 322. 

590 

Patients 

Patient characteristics are summarized in 
Table 1. 

Methods 

Cells 

Peripheral blood mononuclear cells 
(PBMNC) were obtained from healthy 
bone marrow donors and patients after 
BMT by centrifugation of either diluted 
peripheral blood or buffy coat cells over 
Ficoll-Hypaque (d = 1.077) and then cryo
preserved. Patients were sampled 30 days 
and 60 days after BMT. Leullb+ cells and 
Leu4 + cells were obtained by sorting 
PBMNC with an EPICS V cell sorter after 
labeling with the monoclonal antibodies 
Leu-llb-FITC and Leu-4-PE (Becton
Dickinson Inc.). The puritiy of the cell 
populations exceeded 95 % as determined 
by reanalysis. 

Limiting Dilution Culture 

Microcultures were performed in round
bottom microtiter plates. Sixteen replicate 
cultures were set up with cell numbers 
ranging from 40 to 40960 cells/well. Each 
culture contained 1 x 104 irradiated (40 Gy) 
autologous PBMNC as feeder cells, the 
culture medium consisting of RPM! 1640 
supplemented with 10 % FCS, 100 V/ml 
recombinant human interleukin-2 (Sandoz) 
and antibiotics. The culture period was 7 
days. 



Table 1. Patient characteristics 

UPN Diagnosis Ages Conditioning GvHD Outcome 
(years) 

120 AML 1st CR 21 TBI/crx None CCR 
143 AML 1st CR 28 TBIIcrx None Isolated CNS 

relapse 
140 AMLin PR 29 TBINP16 None Relapse 
152 ALL 1st CR 39 TBIIcrx None CCR 
154 ALL 1st CR 32 TBIIcrx aGvHD 11° CCR 
159 ALL 1st CR 37 Busulfan/CTX None CCR 

(200) 
164 AML 1st CR 28 TBI/CTX cGvHD CCR 
174 ALL 2nd CR 19 TBINP16 None Relapse 
122 CM: CP 38 TBIICTXIDNR None Relapse 
139 CML 2nd CP 37 TBINP16 None Relapse 
161 CMLCP 36 TBI/CTXIDNR aGvHD CCR 

1I0/cGvHD 
172 CMLCP 54 TBIICTXIDNR cGvHD Relapse 
199 CMLCP 34 TBI/CTXIDNR cGvHD CCR 
201 CMLCP 45 TBIICTXIDNR cGvHD CCR 
205 CMLCP 26 TBI/CTXIDNR aGvHD CCR 

IIO/cGvHD 

TBI, total body irradiation 6 x 2 Gy; crx, cyclophosphamide 120 mg/kg; VP16, etoposide 60 
mg/kg; busulfan, 16 mg/kg; DNR, daunorubicin 60 mg/m2 

Cytotoxicity Assay 

After 7 days, each microculture was split 
into three and the cytolytic activity was 
assessed in a 4-h 51Cr release assay using 
labeled Daudi, K562 and autologous PHA
blasts as targets. Specific lysis was defined 
as 
experimental 51CR release -
spontaneous 51CR release 

maximum 5lCr release -
spontaneous 51Cr 

Proliferation Assay 

x 100. 

Proliferation was assessed by measuring 
(3H]thymidine incorporation during the last 
18 h in culture. 

Statistical Analysis 

The frequencies of LAK precursor cells 
(LAK-p) were determined by Poisson ana
lysis. Individual cultures were scored as 

pOSItIve if their specific 51Cr release 
exceeded the mean of spontaneous 51Cr 
release by at least three standard devia
tions. The values for the frequencies, the 
95 % confidence limits of the frequencies, 
and the probability of single hit kinetics 
were calculated by likelihood maximization 
and chi-squared minimization as described 
by Taswell. Only experiments with a p 
> 0.05 were considered valid. 

Results 

LAK-p in PBMNC of Healthy Volunteers 

As illustrated in Fig. 1, the cells expanded 
in our culture system fulfil the criteria of 
LAK cells in that they kill the NK-resistant 
Daudi cells without significantly lysing 
autologous PBMNC. The LAK-p frequen
cies of healthy volunteers showed a wide 
range (1/300-1/100000) with the majority 
of values clustering between 1/2 000 and 
1/30000. Figures 2 and 3 show that the 
majority of LAK-p reside in the CD16 
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Table 2. Results 

UPN Donor Day 30 post-BMT Day 60 post-BMT 

120 1/3317 1/309756 1/12309 
140 0 1/20323 1/4624 
143 1/3258 1/56880 1/12309 
152 1/3651 1/30132 1/10285 
154 1/15603 1/187453 0 
159 11100742 1/97495 1/309756 
164 1/6481 1/25981 1/12487 
174 1/28001 1/50680 1/65427 
122 1/22512 1/125980 1/96203 
139 1/29440 0 0 
161 1/2557 1/8857 1/3007 
172 1/11572 0 1170974 
199 1/5705 0 0 
201 1/417 1/11316 1/2338 
205 1/33568 1/50521 1/175934 

positive (Leullb+) NK cell population with 
CD3 positive (Leu4+) T cells making a 
smaller contribution. 

Effects of CSA on LAK-p In Vitro 

LAK-p Regeneration After Allogeneic 
BMT 

Patients were investigated 1 and 2 months 
after allogeneic BMT with CSA/MTX as 
GvHD prophylaxis. The marrow donor 
pre-BMT served as the normal contro!. The 
results are summarized in Table 2. Clearly, 
LAK-p regeneration is delayed and incom
plete with the majority of patients achiev
ing no more than 25 % - 50 % of normal 
values. 

Figure 4 shows the effect of CSA on the IL-2 
induced proliferation of PBMNC. There is a 
clear dose-dependent reduction of prolifer
ation. There was no IL-2 inducible cytolytic 
activity detectable even in a CSA concen
tration as low as 100 ng/m!. 

Discussion 

We have investigated LAK regeneration 
after BMT using a limiting dilution assay 
(LDA) because previous experience had 
shown that LDA is more sensitive than bulk 
culture in detecting impaired regeneration 
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of cytotoxic Tcell precursors after BMT [4]. 
In our culture system, the majority of 
LAK-p in normal peripheral blood were 
demonstrated to be in the CD16+ NK cell 
population as previously reported by Ortal
do et al. [5]. The wide range of LAK-p 
values observed in healthy volunteers was 
not unexpected because of the wide varia
tion of CD16+ PBMNC observed by others 
[6]. 

Regeneration of LAK-p in patients with 
CSAIMTX as GvHD prophylaxis was 
delayed and incomplete. These results are in 
complete contrast to those reported for 
patients with T cell depletion as GvHD 
prophylaxis [2, 3]. This is probably not 
simply due to the more sensitive LDA we 
used, because bulk cultures performed in 
parallel in three of the patients produced 
similar results and no endogenous activa
tion could be detected (data not shown). 
This delay could be the result of a direct 
CSA effect or could be de to the higher 
incidence of GvHD in this group of patients 
compared with patients receiving T cell 
depleted grafts. The numbers are too small 
at present to discriminate between these 
possibilities but our in vitro results clearly 
suggest that CSA has a direct effect on 
LAK-p. A further interesting point to 
emerge from these studies is the suggestion 
that LAK-p regeneration after BMT corre
lated with LAK-p frequency of the marrow 
donor. Similar observations have been 
reported by Hauch et al. [7]. We have been 
unable to correlate LAK-p reconstitution 
with the risk of relapse in patients with 
acute leukemias or CML, but a trend may 
emerge with larger numbers of patients. 

Our in vitro studies show that CSA has a 
profound, dose-dependent effect on the 
activation and expansion ofLAK-p in vitro. 
In fact, our data suggest that LAK-p are 
probably more sensitive than CTL-p. The 
mechanism of this effect is unclear but may 
be related to an effect of CSA on IL-2 
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receptor expression. Interestingly, Mar
mont et al. have recently reported a ran
domized trial in which the risk of relapse in 
patients with acute leukemia correlated 
with the dose of CSA used in GvHD 
prophylaxis [8]. Overall, these studies sug
gest that CSA impedes LAK regeneration 
after allogeneic BMTand that this may have 
an impact on the risk of relapse after 
allogeneic BMT. 
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Adoptive Immunotherapy in Human and Canine Chimeras* 

H. J. Kolb, K. BeiBer, E. Holler, J. Mittermiiller, C. Clemm, M. Schumm, 
G. Ledderose, W. Wilmanns, and S. Thierfelder 

Bone marrow transplantation is an effective 
method for treatment of acute and chronic 
leukemia. Allogeneic transplants are super
ior to autologous and syngeneic transplants 
in the prevention of recurrence of leuke
mia. Unfortunately the occurrence of graft
versus-host disease (GVHD) is associated 
with a high risk of treatment-related com
plications. Some evidence of a graft
versus-leukemia (GVL) reaction separable 
from a graft-versus-host reaction has been 
reported [1], but neither the target antigens 
nor the effector cells have been well 
defined. Immune reactivity against histo
compatibility antigens expressed by hemo
poietic progenitor cells and clonogenic leu
kemia cells may be sufficient for a strong 
antileukemic effect. We treated patients 
with hematologic relapse of chronic myelo
genous leukemia (CML) after marrow 
transplantation by transfusion of viable 
peripheral blood lymphocytes from their 
marrow donor and interferon-a (IFN-a) 
[2]. The effect of donor lymphocyte trans
fusions was further investigated in mixed 
DLA-identical canine chimeras at various 
times after transplantation. The aim of the 
study was the evaluation of an effect on 
residual hemopoietic cells of the host as 
compared to the development of GVHD. 

* Supported by the Wilhelm Sander Founda
tion. 
Medizinische Klinik III, Klinikum GroBhadern, 
Universitat Miinchen, Institut fUr Immunologie, 
und Institut fUr Klinische Hamatologie der 
Gesellschaft fUr Strahlen- und Umweltforschung, 
Marchioninistr. 15, Munich, FRG 

Materials and Methods 

Patients were prepared for bone marrow 
transplantation by either the combination 
of total body irradiation (4 Gy on each of 3 
successive days) and cyclophosphamide (50 
mg/kg on each of 4 successive days) or 
busulfan (16 mglkg within 4 days) and 
cyclophosphamide (as above). GVHD pro
phylaxis consisted of cyclosporin A as con
tinuous infusion for 28 days and orally 
thereafter and short course of methotrex
ate. Two patients with relapse had been 
given syngeneic marrow, eight allogeneic 
marrow from HLA-identical siblings. Bufty 
coat was prepared from the marrow donor 
by a continuous flow cell separator (Fa. 
Cobe, model 5000). Between 250 ml and 
365 ml were collected per session, and 
between three and five sessions were per
formed within 5-9 days. Chimerism was 
studied by cytogenetic analyses and deter
mination of polymorphic isoenzymes in 
blood and marrow cells. Dogs were trans
planted with marrow from DLA-identical 
littermates of the opposite sex following 
conditioning treatment with total body irra
diation in a single dose of 10 Gy. The 
marrow was treated with absorbed rabbit 
antithymocyte globulin for GVHD prophy
laxis. Buffy coat was prepared by centrifu
gation of heparinized blood collected from 
an arteriovenous shunt. 
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Fig. 1. Recurrence of PHI after BMT for CML in CP (AG-KMT Munich 2/1991) 

Table 1. Recurrence of CML after transplantation and outcome of treatment 

UPN Relapse Treatment GVHD Response Duration 
(months) 

162 Cytogenetic DIT 0 CCR 4 
165 Cytogenetic DIT II-III CCR >38 
238 Cytogenetic IFN-a De novo CCR >4 

cGVHD 

105 Chronic Chemotherapy 
IFN-a + DBC II-III CCR >25 

139 Chronic IFN-a + DBC II-III CCR >13 
162 Chronic IFN-a + DBC 0 CCR >17 
100 Chronic Chemotherapy 
(twin) second BMT cGVHD CCR >38 

(different donor) 
079 Transformed Chemotherapy 

phase 
(twin) Transformed Chemotherapy 
110 phase 
145 Transformed Chemotherapy 

phase 
Second BMT cGVHD CCR 35 
(same donor) 

213 Thnsformed (Chemotherapy) 
phase 

DIT, discontinuation of immunosuppresive therapy; DBC, danor buffy coat; CCR, complete cyto-
genetic remission 
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Results 

Patients 

Ten patients had some form of recurrence of 
CML. The cumulative incidence of patients 
with Philadelphia-positive cells after trans
plantation is significantly higher (p = 

0.001) in patients without acute GVRO of 
grade II or more and without chronic 
GVRO (Fig. 1). Three patients showed only 
cytogenetic evidence of CML recurrence, 
in four the disease relapsed in chronic phase 
and in four it relapsed in transformed phase 
(Table 1). In transformed phase chemother
apy was unsuccessful, a patient was given a 
transplant a second time from the same 
donor following preparation with busulfan 
and VP-16 (60 mg/kg i.v.) and had a com
plete cytogenetic response for 35 months. 
Patients with cytogenetic recurrence only 
responded to the discontinuation of immu-

Table 2. Summary of clinical data 

nosuppressive therapy and IFN-a. In UPN 
162 a hematologic relapse terminated the 
cytogenetic response. In contrast to the 
other patients she did not develop clinical 
signs of GVRO. UPN 100 had been trans
planted with marrow of her syngeneic twin 
sister. She was prepared with busulfan and 
cyclophosphamide and given a marrow 
transplant from her allogeneic, RLA-iden
tical twin sister. She developed chronic 
GVHD and is still in complete cytogenetic 
remISSIon. 

Three patients were treated with IFN-a 
without cytogenetic response (Table 2). 
They were transfused with 4.4-7.4 X lOS/kg 
viable mononuclear cells. These patients 
have been in complete cytogenetic remis
sion for between 13 and 25 months. Two 
patients developed acute GVRO, one 
patient did not. Chimerism and cytogenetic 
response is shown for UPN 105 (Table 3). 
This patient developed a subclone charac-

UPN105 UPN 139 UPN 162 

Age/sex 22, male 39, female 30, female 
Stage of disease CP CP CP 
Donor Brother Brother Brother 

GVHD 0 0 0 

Recurrence Cp, 3 yrs Cp, 3 yrs 3 mos 2 yrs 2 mos 

Duration of IFN-a 4 mos 2.5 mos 3 mos 
treatment 

Response No No Hematology yes 
Cytogenetics no 

Donor buffy coat 4.4 x lOS/kg 7.4 x lQB/kg 5.1 x lOB/kg 
Transformation 

GVHD II skin, liver II skin, oral mucosa 0 
(encephalitis) 

Treatment Prednisone cyclosporine, Prednisone cyclosporine, None 
azathioprine azathioprine 

Result GVHD resolved, GVHD and encephalitis Hematologic remission 
hematologic remission at resolved hematologic at 17 mos 
27 months remission at 15 mos 

Last cytogenetics Ph-negative at 24 months Ph-negative at 13 mos Ph-negative at 17 mos 
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Table 3. Response of leukemia and chimerism in UPN 105 

Treatment 

Time cr . I Imca 
(weeks post- d.t" 

Blood transplant) con I Ion 

MNC 

49 Remission None D 
121 Remission None D 

166 Hematologic None 
relapse M 

170 Remission IFN-a M 
177 Remission IFN-a M 

183 Remission IFN-a + 
buffy coat 

187 Remission 
IFN-a dis-

M contuation 

191 GVHD M 

CSA, pre-
193 GVHD disone D 

azathioprine 
199 GVHD CSA D 

208 GVHD CSA dis-
D decreased continued 

230 Remission None 
236 Remission None 
244 Remission None D 
275 Remission None D 
287 Remission None 

terized by 14q +, his polymorphonuclear 
cells were of the recipient type, and red cells 
and mononuclear blood cells were mixed 
until the disease disappeared. 

Dogs 

In DLA-identical chimeras the GVHD pro
phylaxis with "in vitro" treatment of mar
row with ATG was successful, nine dogs not 
given buffy coat transfusions surviving 
without GVHD (Table 4). Persistent mixed 
chimerism was found in two of three dogs 
given 2 x lOs/kg mononuclear marrow cells, 
a dog given 1.5 x lOS/kg and three of five 
dogs given 1,0 x lOs/kg. Dogs transfused 
with buffy coat of their marrow donor on 
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Chimerism 

Marrow 

PMN RBC MNC Karyotypes 

D D 46 XY (20) 
D D D 46 XY (16) 

R M 
46 XY Phl+ (2) 
46 XY Phl- (14) 

R M 
R M M 46 XY Phl+ (18) 

R 
46 XY Phl+ 14q+ 
(1)14 

R M R 46 XY Phl+ 14q+ (15) 

R M 
46 XY Phl+ (12) 
46 XY Phl- (6) 

M 46 XY Phl- (13) 

D D 46 XY Phl- (16) 

D D D 46 XY Phl- (12) 

46 Phl- (10) 
46 XY Phl- (10) 

D D 46 XY Phl- (10) 
D D 46 XY Phl- (9) 

46 XY Phl- (10) 

days 1 and 2, or 21 and 22, developed severe 
GVHD and died. After transfusion at later 
times (days 61 and 62,2 years and 4.5 years) 
they did not develop GVHD. Nevertheless 
transfused dogs showed an increase of don
or type mitoses as compared to their con
temporary controls and their own pretrans
fusion values (Table 5). 

Discussion 

The beneficial effect of buffy coat transfu
sions on the hematologic relapse of our 
patients cannot be explained easily, since 
these patients had not developed GVHD 
prior to and UPN 162 did not develop 
GVHD even after buffy coat transfusions. 



Table 4. Graft versus host disease and survival after DLA-identical marrow transplantation 

Number of Dogs 

Buffy coat transfusion Studied GvHD Alive Survival time (months) 

Days 1 + 2 
Days 21 + 22 
Days 61 + 62 
2 years 
4.5 years 

9 

2 
2 
3 
1 
1 

0 

2 
2 
0 
0 
0 

9 
>71, >54, >57, >55, 
>34, >32, >24, >13 

0 51 days, 83 days 
0 56 days, 72 days 
3 >12, >9, >7 
1 >5 
1 >5 

Table S. Effect of donor buffy coat transfusions on chimerism 

Percentage donor-type mitoses in marrow/blood 
Time after transplant 

Donor Host Day 20 Day 50 Day 100 1 year 2 years 

96N 98N -/5 70/25 100/95 85/95 75/90 
96N lOIN Be dl+2 100/100 -/100 GVHD+ 

ll6N 112N -/17 -/0 0/0 0/0 0/0' 
ll6N 114N -/0 -/10 0/0 0/0 0/0" 
ll6N lllN Be dl+2 -/95 751100 GVHD+ 

liON 107N -/20 11112 1001100 50/90 20/55 
liON 106N -/33 Be d2l+22 -/- GVHD+ 
200N 196N -/0 Be d21+22 100/100 GVHD+ 

170N 176N 73/25 0/15 55/80 71/80 
l70N 175N 100/5 83/25 Be d61+62 100/90 -1100 
220N 217N -/0 100/50 Be d61+62 931100 
231N 228N 33/0 65110 Be d6l+62 89/90 

Before Be d50 
d100 after 
Be 

N975 N970 -/75 (4.5 yrs) 63/90 100/95 
lION 107N 20/55 (2yrs) 22/80 25/82 

" l12N donor skin grafted 20 months post-BMT is tolerated for more than 7 months 
h 114N donor skin graft was rejected after 17 days 

It is possible that transfused T lymphocytes 
reacted against minor histocompatibility 
antigens present on hemopoietic cells and 
not present on other tissue. Minor histo
compatibility antigens on hemopoietic pro
genitors detected by cytotoxic T cells have 
been described [3]. The expression of these 
antigens may be reinforced by the treat
ment with IFN-a. On the other hand, 
activation of helper T cells [4] producing 
IFN-y, IL-2 and other cytokines may equal-

ly well be responsible for clinical signs of 
GVHD as well as for the response of 
leukemic cells. One patient responded 
without GVHD. This indicates that an 
antileukemic effect may be obtained with
out clinical GVHD. 

This finding is confirmed by our studies in 
dogs where the degree of chimerism 
increased without significant GVHD. In 
contrast to human chimeras canine chime
ras did not develop GVHD more than 2 
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months after transplantation. Several ex
planations are possible: the dogs were not 
treated with IFN-a, they had received a 
different method of GVHD prophylaxis, 
and their residual hemopoiesis was not 
leukemic. The latter explanation appears 
most plausible, since GVHD was also seen 
in patients treated with IFN-a only and 
patients whose prophylactic cyclosporine 
had been discontinued. It is known that 
CML cells produce a high amount of tumor 
necrosis factor a (TNFa) and are thus 
potent stimulators of allogeneic T cells. 
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Interleukin-2 in the Treatment of Acute Myelocytic Leukemias: 
In Vitro Data and Presentation of a Clinical Concept* 

L. Bergmann, P. S. Mitrou, and D. Hoelzer 

Introduction 

The relapse-free survical and overall survi
val in patients with acute myelocytic leu
kemia (AML) especially in first relapse is 
still unsatisfactory despite strategies such as 
intensification of chemotherapy (e. g., 
HDAra-C) and/or bone marrow transplan
tation (BMT) [1]. For elimination of mini
mal residual disease predominantly after 
allogeneic or autologous BMT the induc
tion of graft versus leukemia (GvL) may be 
important for long-term disease-free survi
val [2, 3]. Both the activation of cytotoxic 
cells and the secretion of cytotoxic cyto
kines such asTNF-a are considered to playa 
major role in the eradication of residual 
blasts [4]. 

Therefore, therapeutic approaches are of 
interest, which may induce or stimulate the 
GvL reaction. In this context the adminis
tration of interleukin-2 (11-2) may be of 
interest, as this cytokine activates autolo
gous cytotoxic lymphocytes (LAK) and 
induces high secretion of cytokines such as 
TNF-a, 11-6 and IFN-y [5, 6]. Additionally, 
in vitro trials suggest that LAK cells react
ing with blasts can be induced by 11-2 [7]. 

We conducted a clinical phase II trial for 
AML patients in first relapse with an induc
tion chemotherapy with iHDAra-CNP-16 
and 11-2 as consolidation therapy for 
patients with and without autologous BMT 

* This work was supported by the grant 0 1 
GA8802 from the Bundesministerium flir For
schung und Technologie (BMFT). 

in second remission. In vitro results and the 
clinical concept were reported. 

Patients and Methods 

Patients and Therapy 

In a clinical phase II trial patients in first 
relapse of AML and aged 18-75 years were 
included. Patients with an allogeneic bone 
marrow donor or secondary AMLs after 
myelodysplastic syndrome or myeloprolif
erative disease were excluded. 

For induction therapy patients receive 
600 mg/m2 cytosin-arabinoside (Ara-C) as 2 
h infusion every 12 h on day 1-4 and 100 
mg/m2 etoposide (VP-16) on day 1-7 as 1 h 
infusion. In total, three cycles of this che
motherapy were applied (Fig. 1). Starting 
4-6 weeks after the last cycle of iHDAra
CNP-16, four cycles of rll-2 (EuroCetus, 
Frankfurt, FRG) are adjusted every 6 
weeks consisting of 1.5 x 106 U/m2 rll-2 
(Cetus units) as 1 h infusion on days 1-5 and 
7-13. Patients undergoing autologous BMT 
also receive four cycles of rll-2 as indicated 
in Fig. 1 b. 

Up to now eight patients have been 
entered into the clinical trial. Five patients 
are too early for evaluation, and one patient 
underwent autologous BMT. The other two 
patients had a CR after chemotherapy and 
were relapse free for 11 and 15+ months. In 
total,ten therapy cycles with 11-2 have been 
applied so far. 
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Dosages 1 ~DAraC + VP-16 1 

AraC 2x600mg/sqm dl-4 
VP-16 100mg/sqm dl-7 I I 

21iHDAraC + VP-16j 

Induction 

r1L-2 1.5 mill.U/sqm lh info CR+ Therapy free 
d 1-5,8-13 4 wks. rest 

, ~R 

3 1. 1 
~HDAraC + ~-16i 

1 I rll-2 2x5 days bolus I 

2 rrll~2-2x5 days bOI~ 
I 1 31 rll-2 2x5 days bolus J 

4[ rll-2 2x5 days bolus I 

11 iHDAraC + VP-161 

Early consolidation 

Late consolidation 

Dosages 
AraC 2x600mg/sqm dl-4 21 iHDAraC + VP-16 I 
VP-16 100mg/sqm dl-7 .NR 

Induction 

CRt Therapy free 

r1L-2 1,5 MilLU/sqm lh Inf. 31iHDAraC + VP-16! Early consolidation 
dl-5, 8-13 4 wks.rest. . 

A-BMT 

1 I rll-2 2x5 days bolus 

2 § 2x5 days bolus I 
~ Late consolidation 

3 I rll-2 2x5 day~US I 

4 1 rll-2 2x5 days bolus I 

Fig. 1 a, b. Therapy schedule for patients with AML in first relapse receiving induction chemotherapy 
with iHDAra-CNP-16 and rll-2 (EuroCetus, Frankfurt, FRG) as late consolidation without (a) and 
with autologous bone marrow transplantation (A-BMT) (b). rll-2 is administered as 1 h infusion on 
days 1-5 and 8-13. This cycle is repeated after a rest of 4 weeks 

Methods 

Surface Marker Studies 

Phenotypic characterization of MNC and 
blast of peripheral blood or cell cultures was 
performed by flow cytometric analyses 
(FACScan, Becton-Dickinson, Heidelberg) 
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using FITC or PE-Iabeled monoclonal anti
bodies. 

In Vitro Cultures 

For in vitro investigation, heparinized peri
pheral blood or bone marrow aspiration of 



patients with AML on first diagnosis or in 
relapse were used. The mononuclear cells 
(MNC) including the blast population were 
separated by Ficoll-Hypaque sedimenta
tion as described elsewhere [7]. The blast
enriched MNC contained at least 70 % blast 
cells. 

To investigate the influence of various 
cytokines on the proliferation of blasts, 
they were cultured in the presence of rl1-2, 
rl1-3, rGM-CSF or rIFN-a at a cell concen
tration of 50000 cells/well for 72 h. Twenty
four hours prior to harvesting, (3H]thymi
dine was added and the uptake was counted 
in a ~-counter. The stimulation index (SI) 
was calculated as the ratio of cytokine
induced stimulation and spontaneous pro
liferation. 

For induction of autologous cytotoxic 
cells, blasts containing MNC were incu
bated in culture dishes using supplemented 
RPMI 1640 (+ 10 % fetal calf serum) with 

Stimulation index 

or without the addition of 500 V/ml rl1-2 
(EuroCetus, Frankfurt, FRG) for up to 
several weeks. During this time, surface 
marker studies and the measurement of 
cytokines in the supernatants were per
formed. 

Cytotoxic Assays and Cytokine Levels 

Activity of NK and LAK was tested against 
K562 and Daudi cells using the 51Cr releases 
assay as described elsewhere [7]. In the 
serum of AML patients in the acute phase 
and in the culture supernatants of blasts the 
levels of TNF-a, 11-6 and IFN-y were mea
sured using an ELISA (Medgenix, Brussels, 
Belgium) [7]. 

Results 

We tested a possible stimulating effect of 
11-2 and other cytokines on the proliferation 

5.------------------------------------------------------. 

•• 
4 

• ~ 

• • 3 
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2 • • 

Ii! • I 
• I· • - I 1 .: 1\ ., ~ ,.. .~ II r • . ., .. .1. • • • • • I .. 
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Fig. 2. Stimulation of MNC with >70 % AML blasts by various amounts of recombinant 11-2, 11-3, 
GM-CSF and IFN-a. The proliferation was measured by 3H thymidine uptake and the stimulation 
index (SI) was calculated as the proportion of cytokine-induced proliferation and spontaneous 
proliferation 
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Fig. 3 a, b. Phenotypic characterization of cultures with AML blasts of an M2 (a) and M4 (b) leukemia 
before and after addition of 11-2 using flow cytometric analysis 

of blast. So far, only a slight increase of the 
stimulation index by Il-2 was observed, 
whereas some patients revealed a very high 
proliferation by incubation of blasts with 
GM-CSF or II-3. In most cases IFN-a had 
nor or an inhibitory effect on the prolifera
tion of blasts (Fig. 2). Long-term cultures of 
MNC containing blasts with II-2 resulted in 
nearly all cases in a decrease or elimination 
of blasts concomitant with an increase of 
predominantly CD3+CD4+DR+ lympho
cytes. Figure 3 demonstrates the changes of 
cell popUlations in the culture AML 
blasts. 

In the supernatants of AML blasts with 
and without II-2, remarkable amounts of 
Il-6 and TNF-a were found. Whereas in 
most cases the Il-6 secretion could not be 
enhanced by the addition of II-2, the TNF-a 
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Table 1. In vitro production of 11-6 and TNF-a in 
cultures of mononuclear cells containing> 70 % 
blasts with and without addition of 500 V/ml 
rll-2 

Patients 11-6 (pg/m!) TNF-a (pg/ml) 
(FAB) -11-2 +11-2 -11-2 +Il-2 

M4 22 27 210 27 
M2 1633 2241 6 558 
M5 152 152 302 424 
M2 5992 6658 94 546 
M4 4793 5323 500 624 
M4 880 314 <20 70 
M3 1780 866 40 186 
M7 48 84 <20 70 
M4 1662 1764 <20 1964 
M2 64 72 50 <20 
M4 262 266 38 116 
M4 9912 9448 2952 11476 
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Fig. 5. Acitivity of NK and LAK of peripheral blood lymphocytes in AML patients in second 
remission treated with rll-2. The results after Il-2 were obtained 2-3 days after finishing 11-2 
administration. E:T, effector: target cell ratio 

levels were higher in cultures with 11-2 
(Table 1). 

Patients treated with rll-2 for consolida
tion therapy were monitored for changes in 
lymphocyte subsets and cytotoxic activity. 
After intermediate high-dose 11-2 bolus 
infusions a remarkable lymphocytosis oc
curred, whereby an excessive increase in 
CD3+ lymphocytes including CD4+ and 
CD8+ cells was found. The increase in 
CD56+ cells was moderate (Fig. 4). Testing 
the cytotoxic acitivity, only an increase of 
NK but no increase of LAK activity was 
found (Fig. 5). 

Discussion 

An intersting approach for elimination of 
minimal residual disease may be the stimu
lation of antileukemic potential by inducing 
autologous LAK cells with 11-2. Various 
clinical trials with Il-2 predominantly after 
autologous BMTare ongoing [8, 9]. Addi
tionally, 11-2 induces high secretion of TNF
a and IFN-y especially after bolus infusions 
[6]. These cytokines are considered to playa 
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major role in eradicating minimal residual 
disease after BMT [5]. It was shown that 
principally LAK cells in AML patients can 
be induced despite previous intensive che
motherapy without compromising hemato
poietic stem cells in most in vitro models [9, 
10-12]. Additionally the synthesis of 11-2 
after autologous BMT is impaired, so that 
the exogenous addition of 11-2 may be 
useful [13]. Preliminary results of clinical 
trials with 11-2 in AML patients in first 
remission, however, did not lead to an 
advantage and suggest a possible stimula
tion of M5 blasts by 11-2 [14]. In our hands, 
we did not find an evident stimulatory effect 
of 11-2 on AML blasts in vitro, whereas in 
some cases 11-3 and GM-CSF extensively 
promoted the proliferation of blasts. The 
slight elevated SI in cultures with rll-2 is 
assumed to be caused by contaminating 
lymphocytes. In all long-term cultures with 
11-2, blasts were eliminated and a consider
able increase of CD3+CD44 but not 
CD3+CD8+ lymphocytes was observed. 
Studies investigating the functional proper
ties including possible cytotoxic activities of 
these CD4+ cells are ongoing. An interest-



ing point is that 11-2 enhanced the TNF-a 
but not the initially high 11-6 secretion of 
blast-containing MNC in vitro. This is 
important as 11-6 may act as a growth factor 
for blasts. 

We think that clinical trials with 11-2 for 
consolidation therapy in AML with or 
without autologous BMT may be a promis
ing tool for induction of GvL. A benefit of 
relapse-free survival will have to be demon
strated. Our scheme with bolus infusions of 
11-2 using intermediate high doses (1.5 
million U/m2) is high enough to induce 
LAK cells and remarkable amounts of 
TNF-a, which exceed that of continuous 
infusions [15]. The toxicity is moderate, so 
that the schedule can even be performed 
with outside patients. The study is ongoing 
as a multicenter study (South German 
Hemoblastosis Group; SHG) and at pre
sent it is too early for clinical evaluations. 
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Idarubicin: New Aspects 
in the Treatment of Acute Leukemias 



State of the Art and Future Prospects of the Treatment of Acute 
Myeloid Leukemia 

T. Buchner 

Introduction 

Major clinical trials published during the 
1980s failed to demonstrate a substantial 
therapeutic progress in chemotherapy for 
patients with AML. In particular, it 
remained unanswered whether more 
chemotherapy - in terms of its intensity as 
well as duration - produces more cures. 
Bone marrow transplantation has not been 
adequately compared to chemotherapy on 
the basis of comparable groups. Chemo
therapy may be modulated by hemopoietic 
growth factors in both its myelotoxicity and 
its antileukemic activity as from first clinical 
results. We discuss here major results from 
the above therapeutic approaches and their 
role in AML management. 

Prolonged Maintenance 

A prolonged maintenance strategy de
signed by Cancer and Acute Leukemia 
Group B used monthly myelosuppressive 
chemotherapy courses for 3-5 years result
ing in 19 % CCR after 5 years [11]. Subse
quently, the role of similar type mainte
nance has been addressed in several trials 
[9,13,16] but has not clearly been substan
tiated. Those later trials, however, used less 
intensive [9, 13, 16] or less frequent [13] 
maintenance courses. The AMLCG 1981 
trial addressed the question whether the 
effect of the original CALGB type mainte-

Department of Medicine, Hematology/Oncolo
gy, University of MUnster, MUnster, FRG 

nance [11] can be reproduced or even 
improved when given after the more inten
sive TAD induction and a TAD consolida
tion course. Patients of 16 years and over 
with no upper age limit suffering from 
newly diagnosed AML received for induc
tion one course of TAD (Fig. 1) and in the 
case of persisting bone marrow blasts a 
second identical course. After attaining CR 
patients were randomized to receive one 
consolidation course by TAD again and no 
further treatment or subsequent mainte
nance by monthly courses of AD, ATor AC 
(Fig. 1) for 3 years. Median remission dura
tion was 15 months in patients randomized 
to maintenance treatment and 7 months in 
the no-maintenance group (p = 0.0001). 
After 5-8 years CCR is 23 % versus 7 % [3]. 
Thus, the long-term effect of the same type 
of maintenance achieved by the CALGB 
[11] was more than confirmed by us when 
using a more intensive induction and con
solidation treatment. As shown in Fig. 2 
also patients of 60 years and over similarly 
benefited from prolonged maintenance [3]. 
By a metaanalysis of ten multicenter trials 
(Fig. 3) the superiority of treatment arms 
containing CALGB type maintenance over 
treatment arms without comparable main
tenance is again confirmed. 

Intensified Consolidation 

As a new concept intensified consolidation 
using high-dose Ara-C combined with 
anthracyclines and not followed by pro
longed maintenance has been investigated 
in some nonrandomized trials [6, 8, 10, 15] 
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Fig. 1. Chemotherapeutic regimens applied in the 1981 trial and/or in the 1985 trial 

AML-COOP.GROUP STUDY UPDATE 10/90 

PATIENTS => 60 YRS 

100 
AML 81 WITH MAINTENANCE N= 22 (CENSORED 8) 

88 (CENSORED 36) 

w 75 (f) 

0.. « 
.-l 
W 
a:: 
I- 50 
::) 

0 
I 
t::: 
3: 

25 
I-
z 
W 
U 
a:: 
w 
0.. a 

8 9 
YEARS SINCE 
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Fig. 3. Metaanalysis of remission duration from multicenter trials on chemotherapy in AML. The 
average probability of ongoing remission of all treatment arms containing a CALGB type maintenance 
is compared to the average of all study arms without CALGB type maintenance. The studies listed 
correspond to the following references: CALGB 1981 [11], CALGB 1982 [16], SAKK 1984 [13), 
SECSG 1984 [14], ECOG 1984 [4]" BMRC 1986 [12], EORTC 1986 [7], CALGB 1987 [9], ECOG 
1988 [5] 

where it produced long-term remISSIOn 
rates similar to those from maintenance 
regimens [6, 8]. In selected patient popula
tions superior results were even obtained 
[10, 15]. 

Very Early Intensification 

In an attempt to further improve present 
chemotherapy the AMLCG 1985 trial 
addressed the question whether a very early 
intensification by a response nonadapted 
two-course induction adds to the cure rate 
produced by maintenance. Patients uni
formly received consolidation and mainte
nance as above. But differently from the 
1981 trial, patients under 60 years of age all 
received two induction courses with the 
second course starting on day 21 of treat
ment regardless of the response in bone 
marrow after the first course. The two 
courses of double induction consisted ran
domly of either TADfTAD or TADIHAM 
(Fig. 1). Patients of 60 years and over 
received a second TAD induction course 
only if blasts persisted in the bone marrow 

after the first course similarly to the 1981 
trial. Compared to those in the 1981 trial 
CR rates in the younger age group are 69 % 
versus 65 % and in the over 60s 46 % versus 
42 %. Remission duration of all younger 
patients in the 1985 trial is compared to that 
in the same age group of the maintenance 
arm in the 1985 trial in Fig. 4. Median 
remission duration is 20 versus 15 months 
and 5-years CCR is 34 % versus 23 % [3]. 
When comparing the two randomized arms 
in the 1985 trial there is a nonsignificant 
trend of both remission rate and remission 
duration in favor of TADIHAM double 
induction. Figure 2 compares remission 
duration in the older age group of the 1985 
trial to that of the maintenance arm in the 
1981 trial. Figure 5 compares remission 
duration in patients of all ages in the 1981 
and 1985 trials to that published from other 
randomized multicenter trials comparable 
in patient selection [3]. Thus, the favorable 
long-term result from prolonged mainte
nance in our 1981 trial could be further 
improved in our 1985 trial by further inten
sifying chemotherapy in its initial phase. 
Very early intensification by double induc-
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tion followed by consolidation and main
tenance as before increased the long-term 
remission rate to 34 % in patients under 60 
years of age. Also in the entire group of 
unselected patients at all ages this age
adapted very early intensified/prolonged 
maintenance protocol of our 1985 trial 
improved the 5-year CCR rate to as much as 
34 % . Thus, chemotherapy for AML seems 
not to be at the limits of its curative 
potential. 

Bone Marrow Transplantation 

In the AMLCG 1985 trial allogeneic bone 
marrow transplantation is offered to every 
patient of up to 45 years with a compatible 
donor. For comparison of relapse free sur
vival a prospective matched-pair system is 
used. At the time of transplantation a 
control patient in the chemotherapy group 
matched for age and remission duration 
already achieved is allocated to each trans
plant patient. The 30 allogeneic transplant 
patients compared to their 30 matched 
controls show a median relapse free survival 
of 47 versus 26 months and a 3 years relapse 
free survival of 65 % versus 49 % (n. s.). In 
the 1985 trial autologous bone marrow 
transplantation is optional at special cen
ters. In order to circumvent the problems of 
randomization between chemotherapy and 
autologous bone marrow transplantation 
the same prospective matched-pair system 
is used as in allogeneic bone marrow trans
plantation. The 20 patients receiving auto
logous bone marrow transplantation when 
compared to their matched controls show a 
median relapse free survival of 15 versus 20 
months and a 3 years relapse free survival of 
39% versus 33% (n.s.). A higher number 
of patients and another 2-3 years of follow
up will further substantiate the role of bone 
marrow transplantation in first remission. 

Hemopoietic Growth Factors 

Further improvements in chemotherapy 
seem possible when reducing myelotoxicity 
by hemopoietic growth factors. Data of a 
first study on GM-CSF following chemo-

therapy in high-risk AML [2] are presented 
separately (T. Buchner et aI., this volume). 
They show a significant reduction in both 
neutrophil recovery time and early mortal
ity and a low risk of promoting disease 
progression. The data lead to the present 
randomized study on GM-CSF priming and 
long-term administration in standard risk 
AML. GM-CSF starts 24 h prior to chemo
therapy and is continued until recovery of 
blood neutrophils. This regimen applies to 
all induction courses, the consolidation 
course and the two first maintenance 
courses. After entering 25 patients prelimi
nary data show consist ant priming effects in 
an increase of blood blasts by factor 1.15 to 
6.5 (median 2.0) and evidence of differen
tiation in the immunophenotype of bone 
marrow blasts. The tolerability appears 
acceptable and early relapses have not been 
observed in the GM-CSF group, so far. 

Conclusions 

There is clear evidence that more chemo
therapy - in terms of its intensity as well as 
duration - produces more cures in AML. In 
a metaanalysis of remission duration in ten 
multicenter trials there is a marked trend in 
favor of treatment arms with prolonged 
maintenance. Maintenance proved espe
cially effective when given after TAD induc
tion and consolidation producing 23 % 
long-term remissions. The addition of very 
early intensification to this strategy by 
age-adapted double induction resulted in as 
much as 34 % long-term remissions in 
unselected patients at all ages. Allogeneic 
bone marrow transplantation may further 
improve on this cure rate demonstrable 
after a longer follow-up of transplant 
patients and matched controls. Patients 
receiving autologous bone marrow trans
plantation show a relapse free survival 
almost identical to that in the matched 
controls when projected to 3 years. GM
CSF appears to effectively reduce neutro
phil recovery time and may facilitate more 
intensive chemotherapy. A possible en
hancement of antileukemic effects by GM
CSF priming requires longer follow-up to be 
objectivated. 
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Idarubicin Pharmacokinetics 

E. Schleyer, S. Budeus, 1. Reinhardt, C. Rolff, T. BUchner, and W. Hiddemann 

Introduction 

Idarubicin is one of the most recently 
introduced agents which has gained increas
ing interest andd is beginning to be widely 
administered both for the first and second 
line treatment of AML as well as in breast 
cancer [1, 2]. In order to provide the basis 
for its clinical use the pharmacokinetics of 
this agent have been the topic of many 
investigations [3-5]. This paper gives an 
overview of the available literature on the 
pharmacokinetics of idarubicin and its main 
metabolite idarubicinol after intravenous 
and oral administration and demonstrates 
the results from our own pharmacokinetic 
studies on the pharmacokinetics of idarubi
cin after repeated oral administration. In 
order to obtain an overwiew of the pharma
cokinetics of idarubicin the following key 
determinants must be evaluated. 
1. Determination of terminal half-life, 

metabolic pathways, methods of elimi
nation, area-under-curve concentration 
and peak plasma concentration related 
to the given dosis. 

2. The kinetic characteristics in the case of 
multiple dosing, evaluating for example 
a change from first-order to zero-order 
kinetics. 

3. Interindividual variations of kinetic 
parameters and a relation to therapeutic 
response and toxicity. 

4. Intraindividual variations in the case of 
multiple dosing. While these questions 

Department of Internal Medicine, University of 
MUnster, Domagkstr. 3, 4400 MUnster. FRG 

must be addressed for the intravenous 
administration of idarubicin, its adminis
tration via the oral route requires addi
tional information about: 
1. Bioavailability of idarubicin 
2. Differences in drug metabolism be

tween intravenous and oral adminis
tration, for example due to a first
pass effect 

3. Differences in plasma kinetics after 
oral and intravenous administration 

These questions are addressed in the pre
sent paper on the basis of previously pub
lished data and the results of our own 
investigations. 

Patients, Material and Methods 

Patients 

Pharmacokinetic investigations were per
formed in six patients with acute myeloid 
leukemia (AML) at third relapse. Treat
ment consisted of a combination of low
dose cytosine arabinoside (AraC) with ida
rubicin (LAI). Ara-C was given at 10 mg/m2 

per 12 h s. c. on days 1-14 while idarubicin 
was given at 20 mg/m2 per day orally on days 
3, 4 and 5 (LAI protocol). 

Pharmacokinetic Analyses 

Measurements of idarubicin and its meta
bolite idarubicinol were performed with an 
isocratic reversed-phase HPLC system and 
fluorescence detection with an excitation 
wavelength of 480 nm and an emission 
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wavelength of 560 nm. Plasma idarubicin 
and idarubicinol were concentrated by 
extraction on Supelco C 18 columns (Supel
co, Bad Homburg FRG). The sensitivity of 
this assay is about 100 pg/ml plasma for 
both idarubicin and idarubicinol. Quantifi
cation was performed with the external 
standard method using a computerized 
integration of peak areas (RAMONA, 
Nuclear interface, Munster, FRG). Analy
sis of measured data was based on the 
TOPFIT program, providing an optimized 
adaption of coefficient of variation between 
the observed and calculated respective data 
[6]. 

Results 

Figure 1 shows time/concentration curves 
of idarubicin and idarubicinol after an 
intravenous bolus injection from a paper by 
Smith and coworkers [7]. Its demonstrates 
that the maximum concentration of idaru
bicin is reached immediately after a 
15 mg/m2 intravenous bolus injection and is 
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I 

in the microgram concentration range. The 
plasma concentrations decline rapidly be
cause of a short distribution phase. The 
curve fits best a three-compartment phar
macokinetic model with a second distribu
tion phase revealing a half-life of approxi
mately 4 h. The terminal elimination phase 
starts at 10 h with a half-life of about 25 h. 
The only detectable metabolite idarubici
nol reveals a different pharmacokinetic 
behavior. Its peak plasma concentration is 
not reached before approximately 8 h after 
the i. v. injection. Its terminal half-life is 
twice as long as for the mother substance. 
According to the differences in pharmaco
kinetics idarubicinol plasma levels exceed 
idarubicin plasma concentrations after 5 h 
and remain higher for an extended period. 
Since the cytotoxic activity of idarubicinol 
is compared to idarubicin it is conceivable 
that the cytotoxic effects after i. v. injection 
are largely mediated by idarubicinol. 

This fact makes idarubicin a different 
drug from other anthracyclines or other 
anthracycline derivates. Although similar 
plasma concentration curves are found for 
daunorubicin and daunorubicinol, the me
tabolite has only minor cytotoxic activity 
and does not contribute to the cytotoxic 
effects [3]. The second major differences 
from other anthracyclines is the applicabil
ity of idarubicin via the oral route. Figure 2 
depicts the concentration/time curves of 
idarubicin and idarubicinol from one 
patient during treatment with idarubicin 
20 mg/m2 per day on three consecutive 
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Idarublcln + Idarublclnol t 
Mean ~ SEM lrom live pallent. 

(Smttb 1987) 

72 
Fig. 1. Plasma concentration 
curves of idarubicin and idarubi
cinol after 15 mg/m2 bolus injec
tion (Smith et al. [7] 
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Fig. 2. Plasma concentration curves of idarubicin and idarubicinol from patient No.3 after oral 
administration of idarubicin 20 mg/m2 per day on three consecutive days 

days. While plasma levels of idarubicinol 
exceed idarubicin plasma concentrations 
not earlier than 8 h after intravenous injec
tion, they are higher shortly after oral 
uptake. These data suggest a first-pass 
effect by the liver after oral administration. 
Pharmacokinetics of the oral formulation 
are otherwise identical to the intravenous 
administration and fit best a three-compart
ment model. Basically the kinetic behavior 
is as described in Fig. 1. The terminal 
half-life of idarubicinol is twice as long as 
for idarubicin. This diagram demonstrates a 
constant absorption of the drug over the 3 
days as indicated by the reproducible AVes 
and the linear increase of the plasma levels 
of both substances. Table 1 shows addition
al data from the available literature on the 
pharmacokinetics of idarubicin after both 
i. v. and oral administration [5, 7-10]. The 
upper part lists the most relevant kinetic 
data after intravenous administration from 
several studies. As mentioned before the 
terminal half-life of idarubicinol is about 
twice that of idarubicin, the AVe three 
to six times higher. Both idarubicin and 
idarubicinol are most probably mainly 
excreted via the gut - the renal clearance 
is about 12 % only. The lower part of the 
table demonstrates the same kinetic para
meters after oral administration of different 

doses. Results on the bioavailibility differ 
greatly and range from 8 % to 50 % in 
different studies and individual patients as 
illustrated for example by Smith and 
coworkers [7]. 

The ratio of the AVes for idarubicinol 
over idarubicin is constantly higher after 
oral administration while comparable re
sults are obtained for the dose-independent 
parameters such as terminal half-life. The 
comparison of the AVes after intravenous 
administration to oral administration leads 
to an average of bioavailibility between 
20 % and 30 %. Nearly the same result is 
reflected by the ratio of drug eliminated via 
the kidneys after intravenous and oral 
administration. These data allow the fol
lowing conclusions: 
1. The pharmacokinetics of idarubicin and 

idarubicinol follow a three-compart
ment model independent of their 
method of administration, terminal half
life and elimination rates are similar 
after i. v. and oral administration. 

2. Idarubicin has a biovailibility of about 
30 % with a great variability between 
different patients from 8 % to 50 % . 

3. After oral administration a higher idaru
bicinoVidarubicin ratio can be found due 
to a first-pass effect by the liver. These 
data emphasize that the oral route 
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Table 1. Pharmacokinetic overview of idarubicin and idarubicinol 

Author Terminal Terminal AVe Ave Ratio Renal Bioavali-
idarubicin idarubicinol AVe clearance billity 

tl/2 Ida tl/2 Idol 15 mg/m2 15 mg/m2 ida/idol ida idol (%) 

Intravenous route 
Tamassia et al. [5] 12 h 69 h 173 ng h/ml 1037 ng h/ml 1: 6.0 3.3% 

12.8% 
Smith et al. [7] 35 h 52 h 330 ng h/ml 697 ng h/ml 1: 4.7 2.8% 

8.7% 
Speth et al. [8] 15 h 47 h 260 ng h/ml 860 ng h/ml 1: 3.3 
Lu et al. [10] 27 h 66 h 

Oral route 
Thmassia et al. [5] 5h 36 h 92 (45 

mg/m2) 
Smith et al. [7] 20 h 40h 82 (15 

mg/m2) 
Pannuti et al. [9] 24 h 59 h 46 (10 

mg/m2) 
Lu et al. [10] 27 h 38 h 

Schleyer (own data) 31 h 57 h 51 (20 
mg/m2) 

Mean i.v. 22 h 59 h 254 (15 
mg/m2) 

Mean oral 21 h 46 h 55 (15 
mg/m2) 

should be explored in more detail but 
seems attractive especially because of 
the higher idarubicinollidarubicin ratio 
translating into a higher AUC for idaru
bicinol as compared to the i. v. injection. 
The further exploration of the oral for
mulation should address the following 
topics. 

1. Confirmation of published data about 
the kinetics of oral idarubicin 

2. Evaluation of intraindividual variations 
in absorption amount and rate 

3. Assessment of a possible therapeutic 
benefit from adapting drug doese to 
bioavailability in individual patients 

Figure 3 shows the concentration/time 
curves for idarubicin and idarbucicinol from 
six patients. The AUCs for both substances 
show great interindividual variation, but 
are reproducible in individual patients. This 
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5.2% 
8.8% 

920 (45 1:10.0 0.6% 30 
mg/m2) 4.7% 
331 (15 1: 4.0 0.6% 8.9-38.9 

mg/m2) 3.6% 
306 (10 1: 6.7 1.5% 

mg/m2) 9.2% 
2.4% 28--49.4 
7.7% 

273 (20 1: 5.4 
mg/m2) 

865/15 1: 4.7 3.8% 
(mg/m2) 10.1 % 

323 (15 1: 9.0 1.3% 31 
mg/m2) 6.3% 

is depicted in more detail in Table 2, which 
describes the kinetics parameters for the six 
individual patients. AUC and absorption 
rate were calculated for every single dose. 
The results indicate that AUC and absorp
tion rate are constant for idarubicin over 
the three consecutive doses in every single 
patient .. AUC values range from 27 to 71 
ngh/ml and the absorption rate has a half
life of 0.6-5.1 h. Table 2 again demonstrates 
a considerable difference in AUCs, reflect
ing variations in bioavailability between 
different patients. On a single patient basis, 
however, it can be shown that the amount 
and rate of drug absorption remain con
stant. Table 3 shows the pharmacokinetic 
parameters for idarubicinol as calculated 
from the measured data illustrated by 
Fig. 3. AUCs could not be calculated for 
every single dose due to the long half-life of 
idarubicinol. 



Table 2. Idarubicin pharmacokinetics; LAI protocol (20 mg/m2 per day oral administration) 

Patient AVC AVC AVC AVC t Il2•bs. Day 1 2 3 tll2 y Clearancetot.) Cm• x 

1 2 3 from 
Given dosis (ng all h x VC (h) (mllmin) 

h/ml) data 

1: 3x40 mg 25.1 28.4 26.5 27.5 4.1625% 3.1 5.1 3.9 24.2 7395 

2: 2x35+30 29.2 33.7 27.1 32.5 1.0331 % 0.8 1.4 0.9 44.4 5382 
mg 

3: 3x35 mg 67.3 65.8 72.5 71.4 0.6816% 0.6 0.6 0.8 21.2 2454 

4: 2x35 mg 55.3 58.7 - 57.7 0.6142% 0.9 0.4 - 51.4 3030 

5: 1x40mg - 63.0 0.6142% - 18.3 3174 
6:1x40 mg - 52.4 0.6816% 0.6 0.6 0.8 27.9 3816 

Average - 50.8 1.81 - - 31.2 4209 
VC 31 % 68% 39% 40% 

Vc, variance coefficient; Cm• xo peale concentration of idarubicin; t1l2 )' terminal half-life 
Dose-dependent data were calculated assuming a bioavailability of 30 % 

Idarublcln In nll/mi 
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Fig. 3. Plasma concentration curve of idarubicin and idarubicinol after oral administration of 
20 mg/m2 per day on three consecutive days for all analyzed patients 

Assuming that the AVC of idarubicin is 
related to its cytotoxic activity, these data 
may pose the question of how to correct for 
the interindividual differences in absorp
tion and how to achieve comparable plasma 

concentrations and comparable AVCs be
tween the individual patients. From a prac
tical standpoint this should be possible 
without the requirement of multiple deter
mination of idarubicin plasma level during 
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Table 3. Idarubicinol pharmacokinetics; LAI protocol (20 mg/m2 per day idarubicin oral adminis-
tration 

Patient t1l2a t1l2~ t1l2y AVC Clearancetot~1 Vss Cm• x Ratio AVC 
Dosis (h) (h) (h) (ng h/ml) (mllmin) (1) (ng) ida/idol 

1: 3x40 mg 0.44 5.15 69.17 213 941 4488 3.35 1:7,7 

2: 2x35 mg+30 0.76 7.52 55.37 151 1163 5112 3.32 1:4.7 
mg 

5: 1x40 mg 0.44 2.29 50.21 288 693 2592 7.00 1:4.5 

6: 1x40 mg 0.44 6.88 59.92 278 718 2850 7.82 1:5.3 

4: 2x35 mg 0.76 13.4 72.00 406 432 2562 5.49 1:7.0 

3: 3x35 mg 0.21 4.43 36.8 345 507 1407 6.08 1:4.8 

Average 0.51 6.61 57.25 273 742 3169 5.51 1:5.5 
VC 38% 53% 21 % 29% 34% 40% 31 % 22% 

t1l2a, first distribution half-life; t1l2~' second distribution half-life; t1l2Y' terminal half-life; Vss> distribution 
volume at steady state 
Dose-dependent data were calculated assuming a bioavailability of 30 % 
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Fig. 4. Regression curve of idarubicin concentration 24 h after 20 mg/m2 oral administration versus 
AVC 

622 



the first idarubicin administration to calcu
late the AVe. Figure 4 indicates that such 
an approach can be achieved by measuring 
only the idarubicin plasma concentration 24 
h after the first dose. The 24-h plasma 
concentration is significantly correlated 
with the AVC and thus allows a respective 
calculation. The correlation coefficient of 
this regression is 95 % . 

On this basis a dose correction may be 
possible by a single drug concentration 
measurement. Hence, a drug-targeted ther
apy is feasible and may be explored in 
future studies. 

Discussiou 

The pharmacokinetic of idarubicin and its 
main metabolite idarubicinol are well 
defined by available data. Basically all 
investigators describe the same kinetic 
behavior of the two substances with numer
ical variations which are probably due to 
differences in the methods of analysis and 
kinetic calculations. The oral route seems to 
be an attractive method of administration, 
taking advantage of the first-pass effect in 
the liver and the transformation of idarubi
cin into the similarly active but more slowly 
eliminated idarubicinol. In order to fully 
explore the possibilities and limitations of 
oral administration additional data on the 
bioavailability and the impact of differences 
between individual patients on treatment 
outcome are warranted and should be pro
vided by future studies. Preliminary data by 
Elbeak and coworkers indicate a relation 
between bioavailibility and white blood cell 
count [2]. In summary the current data 
demonstrate: 
1. Pharmacokinetics of idarubicin and its 

main metabolite idarubicinol are well 
defined by available data. 

2. Plasma pharmacokinetics are linear in 
the dose range tested [1]. 

3. Dose-independent pharmacokinetic pa
rameters are similar for intravenous and 
oral administration. 

4. Idarubicin bioavailibility is variable 
among individual patients but constant 
during multiple dosing in one patient. 

5. The idarubicin plasma AVC strongly 
correlates with the 24-h plasma concen-

tration after oral administration and 
therefore possibly allows an individual
ized targeting of drug administration. 

Summary 

Idarbucin is a new anthracycline analog 
which lacks the methoxy group in the C4 
position of the aglycon moiety. Compared 
with daunorubicin, idarubicin was found to 
exert a five to eight times higher antineo
plastic activity against a variety of experi
mental tumor systems. Clinical studies also 
demonstrated a lower cardiotoxicity. In 
contrast to other anthracyclines, idarubicin 
can be administered via the intravenous and 
oral route. Pharmacokinetics have been 
evaluated for both methods of administra
tion and were found equivalent for the 
following dose-independent parameter: 
The plasma concentration time curve fol
lows a three-compartment model with a 
terminal half-life of about 25 h. In the 
therapeutic dose range the kinetics are 
linear with a proportional increase in the 
AVe. The distribution volume of about 
2000 I indicates a strong tissue binding. The 
bioavailability of idarubicin amounts to an 
average of 30 %. One major method of 
elimination is the hepatic transformation of 
idarubicin to idarubicinol. The terminal 
half-life of this metabolite is about 60 h. In 
vitro studies showed a similar antineoplastic 
activity of idarubicin and idarubicinol. Due 
to the first-pass effect after oral administra
tion the ratio of the AVCs of idarbuci
nollidarubicin is about twice as high after 
oral as after i. v. administration. Similar 
prolonged high plasma levels of idarubici
nol can otherwise only be achieved by 
continuous i. v. infusion. Our own studies 
on the pharmacokinetics of repeated oral 
administrations of idarubicin show a repro
ducible intraindividual rate of drug absorp
tion with substantial interindividual differ
ences. 
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Toxicity Profile of Idarubicin: Experiences with Oral 
and Intravenous Idarubicin in the Treatment of Leukemia 

1. L. Harousseau, B. Pignon, 1. Reiffers, F. Rigal-Huguet, 1. Y. Cahn, and P. Y. Le 
Prise on behalf of the French Idarubicin Study Group 

Idarubicin (IDR) is a new potent antileu
kemic agent and the only anthracycline 
derivative in current use that can be admin
istered orally. We review here the French 
experience with oral and IV IDR. 

Oral Idarubicin 

Up to now, oral IDR has only been used in 
France in the treatment of de novo acute 
myeloid leukemia (AML) in elderly 
patients (over 65 years of age). Two con
secutive pilot studies have been conducted. 
In the first [1], IDR was given as a single 
agent at a dose of 30 mg/m2 per day for three 
consecutive days with a second course at 
day 14 if the marrow remained blastic. 
Twenty patients were enrolled in this study. 
The results of this first study were en
couraging with eight complete remissions 
(CR) (40 %). However, the hematologic 
toxicity was high and all but one patient 
were entirely nursed in hospital. Thus, in 

* Hotel Oieu, 44035 Nantes Cedex. France 

the second study [2], the therapeutic proto
col was a combination of ID R (20 mg/m2 per 
day, days 1-3) and low-dose cytarabine (LD 
ARA-C) (10 mg/m2 subcutaneously every 
12 h, days 1-10). A second course was 
administered at day 20 if the marrow 
remained blastic (with 2 days of IDR and 5 
days of LD ARA-C). Thirty-two patients 
received this regimen. The clinical charac
teristics of the patients treated in both trials 
are shown in Table l. 

In the first study, eight patients (40 % ) 
achieved CR (six after one single course), 
five patients died and there were seven 
failures. In the second study, 13 patients 
(40.5 %) achieved CR (12 after a single 
course), 4 patients died and there were 2 
partial remissions and 13 failures. 

Severe myelosuppression was noted after 
one course in 16 out of 19 noncytopenic 
patients in study 1 and in 22 out of 28 
patients in study 2. Only one CR was 
obtained without neutropenia. The median 
durations of neutropenia «0.5 . 109/1) were 
respectively 19 and 18 days. As a conse
quence of this hematologic toxicity, the 
treatment was entirely done in hospital for 

Table 1. Treatment of AML in elderly patients: clinical characteristics 

No. of patients 
Age (median) 
Performance status ~ 2 WHO 
Initial WBC count (median) (10"/1) 
Initial platelet count (median) (109/1) 
FAB classification M1-M3 + M6/M4-M5 

Study 1: oral lOR as 
single agent 

20 
65-79 (72) 
6120 
1-168 (12) 
8-230 (33) 
14/6 

Study 2: oral lOR 
plus LO ARA-C 

32 
67-82 (76) 
15/32 
0.7-200 (7.7) 
5-316 (62) 
20111 
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Table 2. Oral IDR in the treatment of AML in elderly patients: nonhematologic toxicity 

Study 1: oral IDR as single Study 2: oral IDR plus 
agent 

Percentage WHO grade 0-1 2 

Nausea vomiting 45 25 
Diarrhea 70 25 
Mucositis 65 25 
Hepatic toxicity 90 5 
Cardiac toxicity 80 20 

19/20 patients in study 1, and for 27/32 
patients in study 2. Of the six patients 
treated partly at home, three were subse
quently admitted to hospital in an emergen
cy for septic complications of aplasia. The 
extrahematologic toxicity is shown in Table 
2. Minor or transient cardiac abnormalities 
were noted in seven cases but with no case 
of congestive heart failure. 

These results are encouraging and could 
be favorably compared to those obtained in 
the same age category with LD ARA-C 
[3-5] or combination chemotherapy [6]. 
However, it is difficult to draw any firm 
conclusion from these two small pilot stu
dies and prospective trials are warranted to 
define the exact role of oral IDR in the 
management of AML in the elderly. It 
should be emphasized that in both trials 
hematologic toxicity was a limiting factor 
for treatment on an outpatient basis. 

Intravenous Idarubicin 

In France, i. v. IDR is administered on five 
instead of three consecutive days. Accord
ing to the results of a phase IIII study, the 
daily dosage used is 8 mg/m2 [7]. 

Idarubicin and Intermediate-Dose 
Cytarabine in Relapsed AML fB} 

High-dose ARA-C (HD ARA-C) is an 
effective but toxic treatment for relapsed 
AML. In order to reduce the incidence of 
severe complications noted with HD ARA
C containing regimens, we used a combina
tion of i. v. IDR at optimal dosage (8 mg/m2 
per day, days 1-5) and cytarabine at inter-
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LD ARA-C 

3-4 0-1 2 3-4 

30 86 10 4 
5 93 7 

10 93 7 
5 76 21 3 

90 10 

mediate-dose (ID ARA-C) (1 g/m2 by 2 h 
infusion every 12 h for six doses). Thirty
five patients aged 23-78 years (median 56) 
with AML in first relapse received this 
protocol. Of the 35 patients, 21 (60 %) 
achieved CR, 4 had a partial remission, 4 
died in aplasia and 6 were nonresponders. 
The median duration of aplasia was 23 days 
(15-38). The nonhematologic toxicity was 
moderate. The main side effect was muco
sitis (ten patients including six grade 3--4 
WHO). Diarrhea, skin toxicity and hepatic 
disturbances which are side effects of HD 
ARA-C therapy were rare and mild. No 
conjunctivitis and, in spite of the age of the 
patients (25 >50 years), no cerebellar tox
icity was recorded. Four patients suffered 
minor cardiac events. 

As a result of this good extra hematologic 
tolerancce, the CR rate was not affected by 
age and even in patients >60 years it was 
58 %. The only factor influencing the CR 
rate was the duration of the first CR: 35 % 
for patients relapsing before the median 
duration of first CR (16 months) versus 
83 % for patients relapsing after 16 months 
(p = 0.003). This IDR/ID ARA-C protocol 
is safe and effective in relapsed AML and is 
currently proposed in frontline therapy of 
AML. 

Phase III Randomized Protocol in Adult 
AML 

The French group GOELAM has initiated 
in 1987 a randomized study for the treat
ment of AML in adults. For patients aged 
15-50 years the main objective of this 
protocol is the comparison of autologous 
bone marrow transplantation and high-dose 



chemotherapy as postremission consolida
tion treatment. For the whole group of 
patients (15-65 years), the induction treat
ment is randomized between a combination 
of ARA-C (200 mg/m2 continuous infusion 
seven consecutive days) and zorubicine 
(Rubidazone) (200 mg/m2 i. v. per day, days 
1-4) or IDR (8 mg/m2 i. v. per day, days 
1-5). Zorubicine (ZRB) is a potent antileu
kemic anthracycline used in France and 
gives, in combination with conventional 
doses of ARA-C, a high CR rate in adult 
AML [9]. Up to October 1990, 380 patients 
were included and 317 are evaluable for 
induction therapy (151 in the IDR arm, 166 
in the ZRB arm). Both groups were com
parable regarding the initial clinical and 
hematologic characteristics. The overall CR 
rate is 75 % with no significant difference 
between the IDR arm (77.5 %) and the 
ZRB arm (73 % ). The CR rates are strictly 
comparable for patients <50 years (77.3 % 
versus 77.7 % respectively). However, in 
the group of patients >50 years, there is a 
trend in favor of the IDR arm (78 % versus 
67 %, p = 0.15). In the IDR arm the CR 
rate is the same for patients over or under 
the age of 50. The median duration of 
neutropenia was slightly longer in the IDR 
arm (26 days versus 24 days, p = 0.002) but 
this did not induce a higher toxic death rate 
(7.3 % versus 7.8 % ). The nonhematologic 
toxicity was comparable in both arms (Table 
3). The only significant differences con
cerned nausea and vomiting, and mucositis, 
which were more frequent in the ZRB arm. 
Twenty-one cardiac events were recorded, 8 
(5.3%) in the IDR arm and 13 (7.8%) in 
the ZRB arm. However, only four patients 
experienced severe cardiac toxicity (three 

Table 3. Goelam study: nonhematologic toxicity, 
percentage of toxicities ;?;grade 2 WHO 

Toxicity IDR ZRB p value 

Nausea 57 69.5 0.02 
vomiting 
Mucositis 38.5 49 0.03 
Diarrhea 34.5 45 0.13 
Hepatic 30.5 34 0.43 
toxicity 
Renal 3.5 7 0.30 
toxicity 

congestive heart failures, one coronary 
insufficiency), all four in the ZRB arm. 

Thus in combination with ARA-C, IDR 
gives a high CR rate and appears at least as 
effective as ZRB in adult AML. It could 
even be more effective in patients >50 years 
of age, which could partly be explained by a 
better tolerance. 

These preliminary results have to be 
confirmed by further analysis of this still 
ongoing trial. 
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Prospective Study Comparing Idarubicin and Daunorubicin 
in Elderly Patients with Acute Myeloid Leukemia 

1. Reiffers, F. Rigal-Huguet, A. M. Stoppa, M. Michallet, G. Marit, M. Attal, 
1. A. Gastaut, B. Corront, G. Lepeu, M. Routy, P. Cony-Makhoul, 1. Pris, 
D. Hollard, D. Maraninchi, M. Mercier, and P. Hurteloup for the BGMT Group 

Introduction 

There is general agreement about the use of 
a combination of cytosine arabinoside 
(Ara-C) and anthracycline as induction 
chemotherapy for patients with acute mye
loid leukemia (AML). Cytosine arabino
side is usually given as a continuous infusion 
(100-200 mg/m2 per day) for 7-10 days. 
Daunorubicin (DNR) is the most common
ly used anthracycline and is usually infused 
for 3 days (45-60 mg/m2 per day). Using 
such a combination, complete remission 
(CR) is achieved in 65 %-80 % of young 
adult patients but the CR rate is lower in 
elderly patients, varying from 40 % to 70 % 
[6]. This latter lower CR rate is due to a high 
proportion of patients who fail to enter 
remission either because they die during 
induction treatment (infection, cardial dys
function, etc.) or their leukemic cells are 
not sensitive to chemotherapy [6]. In order 
to increase the CR rate in elderly patients, 
several therapeutic strategies have been 
proposed. Hematopoietic growth factors 
such as GM-CSF or G-CSF may shorten the 
duration of granulocytopenia following 
chemotherapy and decrease the number of 
early deaths [3]. New intercalating agents 
may be used instead of DNR for both 
increasing the antileukemic efficacy and 
decreasing the mortality due to cardiac 
toxicity. Idarubicin (IDA) (4-demethoxy
daunorubicin) has been recently introduced 
as treatment for AML patients. Its safety 
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and antileukemic actiVIty have been 
reported in some phase I - phase II studies 
where IDA was used either alone [7] or in 
combination with Ara-C [1, 5, 8]. The 
preliminary results from some ongoing 
prospective studies indicate that IDA is at 
least as efficient as DNR for adult patients 
with AML [2, 10, 12, 13]. We report herein a 
prospective study comparing IDA and 
DNR in AML patients aged between 55 and 
75 years. Our preliminary results are similar 
to those reported elsewhere in adult 
patients and confirm that IDA is at least as 
effective as DNR. 

Patients and Methods 

Patients 

Between April 1987 and September 1990, 
216 patients aged between 55 and 75 years 
were entered into the protocol BGMT 87 
designed to prospectively compare the effi
cacy and toxicity of IDA and DNR in 
elderly AML patients. Two hundred and six 
patients who fulfilled the following criteria 
were eligible: diagnosis of AML according 
to the FAB criteria, no assessable preleu
kemic phase, and normal left ventricular 
ejection fraction (LVEF). They were ran
domized to receive either IDA or DNR. 
One hundred and ninety-seven patients 
(IDA = 98; DNR = 99) were evaluable for 
the comparison of the two anthracyclines. 
The main characteristics of these 197 
patients (age, sex, FAB morphology, initial 
WBC count) did not differ significantly for 
the different therapeutic arms (Table 1). 



Table 1. Characteristics of the 197 
evaluable patients 

Age (median) 
_ Sex (MIF) 
MJ-M 3/ 
MeM%thers 
Initial 
WBC (lmm3) 

IDA 
(n = 98) 

65 (56-75) 
49/49 
54/36/8 

9.95 (0.3-260) 

BGMT 87 Study Design 

Induction chemotherapy 

DNR 
(n = 99) 

65 (56-75) 
50/49 
59/28112 

5 (0.4-520) 

The patients were given Ara-C (100 mg/m2 
per day, continuous infusion, 7 days) com
?ined with either IDA (8 mg/m2 per day, 
1. v., 5 days) or DNR (50 mg/m2 per day, i. v., 
3 days). The patients who did not achieve a 
complete remission were given a second 
course of identical chemotherapy. The 
results of induction chemotherapy were 
analyzed according to Preisler's criteria 
[11 ]. 

Maintenance Treatment 

When complete remission (CR) was 
achieved after one or two courses of chemo
therapy, the patients received consolidation 
therapy with Ara-C (50 mg/m2 per 12 h, 
subcutaneously, 5 days) combined with 
either IDA (8 mg/m2 per day, i. v., 3 days) or 
DNR (30 mg/m2 per day, i. v., 3 days). After 
consolidation, the patients received five 
courses of Ara-C (50 mg/m2 per 12 h, s. c., 5 
days) and either IDA (10 mg/m2) or DNR 
(40 mg/m2) administered 1, 3, 6, 9 and 13 
months after consolidation and continuous 
maintenancce chemotherapy (± stonalozo-
101) consisting of alternating lO-day courses 
of 6-mercaptopurine (70 mg/m2 per day) 
and methotrexate (15 mg/m2 per day, three 
times for 10 days). 

Results 

Induction Chemotherapy 

A complete remission (CR) was achieved in 
129 patients (65.5 %) after one (112 

patients) or two courses (17 patients) of 
induction chemotherapy. The CR rate was 
not influenced by the age or sex of patients, 
the FAB morphology or the initial WBC 
count. The patients treated with IDA had 
a higher CR rate (68/98; 69.4 %) than 
the patients treated with DNR (61/99; 
61.6 %) but the difference did not reach 
statistical significance (p = 0.3). However, 
in patients between 55 and 65 years of age, 
the CR rate was significantly higher with 
IDA (36/43; 83 %) than with DNR 
(28/52; 52 %) (p <0.004). For the patients 
who entered CR, the median duration of 
severe granulocytopenia (polymorphonu
clear cells <500 mm3) was 24 days in both 
groups. The reasons for not achieving CR 
were more often drug resistance in the DNR 
group (26/38) than in the IDA group 
(11/30), and the percentage of patients who 
died during the treatment was higher in the 
IDA group (19/30) than in the DNR group 
(12/38). These differences were not statisti
cally significant. There was no difference in 
the extrahematological toxicity between 
patients who received IDA and those who 
received DNR. The three patients who 
developed severe congestive heart failure 
leading to the interruption of chemothera
py received DNR. 

Outcome 

The actuarial median survival of the entire 
patient popUlation studies was 9 months 
and was similar in the DNR and IDA 
groups. The only prognostic factor for the 
duration of survival was the age of patients 
since the median survival of patients over 
the age of 65 years was shorter (7 months) 
than for the patients between 55 and 65 
years (13 months) (p <0.003). Among the 
129 patients entering CR after induction 
chemotherapy, a leukemic relapse occurred 
in 71 patients. While the follow-up was 
similar in both groups, the number of 
patients who relapsed was higher (38/61 = 
62 %) in the DNR group than in the IDA 
group (33/68:48.5%) (p=0.1). The median 
duration of remission was longer in the IDA 
group (19.5 months) than in the DNRgroup 
(13 months). The actuarial proportion of 
long-term survivors was not statistically 
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different in both groups (IDA 
DNR = 20%). 

Discussion 

40%; 

Idarubicin has been demonstrated to be 
effective in patients with AML. In refracto
ry of relapsed AML" a CR rate was 
obtained in 19/96 patients treated with IDA 
alone administered either over 3 days (8-15 
mg/m2 per day) or for five consecutive days 
(7-8 mg/m2 per day) (for review, see [5]). 
When IDA was combined with Ara-C eith
er as a continuous infusion or as interme
diate dose, the response rate seemed to be 
higher in both refractory and relapsed AML 
than that observed after IDA alone [5, 8]. 
In one of these studies, IDA was adminis
tered over 5 days (8 mg/m2) and was 
demonstrated to be effective and well tole
rated in elderly patients [8]. Thus, this latter 
schedule was chosen for IDA in the ongoing 
BGMTphase III study and compared to the 
standard regimen for D NR. We observed an 
overall CR rate of 65.5 %, which compares 
favorably with that usually reported in 
elderly patients [6]. The CR rate obtained in 
the 97 patients treated with Ara-C and IDA 
(69.4 %) was similar to that recently 
reported in two studies from Italy using 
IDA combined with Ara-C and VP-16 [4, 
9]. Four other studies from Italy and the 

United States have prospectively compared 
the efficacy and toxicity of IDA and DNR. 
In the three studies performed in adult 
patients with AML, the overall CR rate was 
higher after IDA (99/135; 73 %) than after 
DNR but the difference was not statistically 
significant in one of these studies [13], 
borderline in the ECOG study [12] and 
significant in the New York study [2] (Table 
2). In the cooperative Italian study per
formed in elderly AML patients, there was 
no difference in the CR rate between 
patients receiving IDA or DNR. However, 
in this study, IDA seemed to be more 
effective than DNR as the proportion of 
patients who achieved CR after one course 
of chemotherapy was significantly higher 
after IDA (30 %) than after DNR (20 % ) 
(p=0.02). Moreover the proportion of 
patients who exhibited drug resistance was 
less in the IDA group (17/125) than in the 
DNR group (89/125) (p=0.001). Thus, all 
these studies indicate that IDA is at least as 
effective and probably superior to DNR as 
induction treatment in AML patients. Our 
own results confirm the efficacy of IDA 
when administered to elderly patients. As 
in other studies, they also confirm that the 
extrahematological toxicity was mild. 

Since the follow-up of patients achieving 
CR is still insufficient in our study, it is not 
possible to draw any conclusion regarding 
the comparative efficacy of IDA and DNR 

Table 2. Results of prospective studies comparing IDA and DNR in AML 

Age of patients Induction regimen Response rate P 
(median; range) IDA DNR IDA DNR 

Petti et al. [10] 
(n = 245) 62.5 (55-78) 12 mg/m2 45 mg/m2 501124 (40 % ) 49/125 N.S 

x3 x3 (39.2 %) 
Vogler et al. [12] 
(n = 95) - (15-?) 12 mg/m2 45 mg/m2 29/39 (74%) 26/46 (57%) 0.09 

x3 x3 
Wiernik et al. [13] 
(n = 102) 55 (18-?) 13 mg/m2 45 mg/m2 34/51 (67 %) 27/51 (53 %) N.S 

x3 x3 
Berman et al. [2] 
(n = 86) 38 (17-60) 12 mg/m2 50 mg/m2 36/45 (80%) 24/41 (58 %) 0.03 

x3 x3 
BGMTstudy 
(n = 197) 65 (55-75) 8 mg/m2 50 mg/m2 69/98 (69.5 %) 61199 (61 %) N.S 

x5 x3 

630 



for prolonging survival. However, the per
centage of patients who had a leukemic 
~elapse was higher in the DNR group than 
III the IDA group. Such a finding was also 
reported in Vogler's Study [12], where the 
percentage of relapse was higher after DNR 
(44 % ) than after IDA (22 % ). A significant 
prolo~gation of survival was also reported 
III patIents treated with IDA in two other 
studies [13]. We feel that identical results 
will be found in our BGMT study when we 
have a sufficient follow-up. 
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Novantrone: Current Status and Future 
Trends in the Treatment of Leukemias and Lymphomas 



New Aspects in the Pharmacokinetics and Metabolism 
of Mitoxantrone* 

G. Ehninger, 1. Blanz, K. Mewes, B. Proksch, I. Kumbier, U. Schuler, 
and K. P. Zeller 

Anthracenediones are an important group 
of naturally occurring quinones found in 
plants and animals. Many have been used as 
dyes and laxatives since ancient times. 
Surprisingly an American National Cancer 
Institute screening of some 1500 naturally 
occurring quinones revealed their relative 
lack of antitumor activity. 

In 1973 ametantrone (1,4-bis-[[2-[(2-hy
droxyethyl)amino ]ethyl]amino ]-9, lO-an
thraquinone) (Fig. 1), a molecule originally 
developed to be used as a ballpoint pen ink, 
showed good antitumor activity [l].Two 
groups, K. C. Murdock and colleagues 
(Lederle Laboratories, Pearl River, NY) 
and R. K. Y Zee-Cheng and colleagues 
(Drug Development Laboratory, Mid
American Cancer Center, Kansas City, KS) 
tested structural variations to develop more 
active compounds. Among these com
pounds, the most active was mitoxantrone 
[2--6]. 

Fig. 1. Structure of mitoxantrone 
and ametantrone 

Medizinische Universitatsklinik und Institut fiir 
Organische Chemie der Universitat, Tiibingen, 
FRG 

* Dedicated to Professor Dr. Dr. H. D. Waller on 
the occasion of his 65th birthday. 

Mitoxantrone, a cytotoxic anthracene
dione derivative, has shown clinically bene
ficial activity in breast cancer, lymphoma 
and leukemia [7]. Several different mechan
isms of action have been suggested to 
account for this. In addition to intercala
tion, biological effects such as electrostatic 
interactions with DNA, DNA-protein 
crosslinks" immunosuppressive activities, 
inhibition of topoisomerase II, prostaglan
din biosynthesis, and calcium release have 
been described [1, 8-24]. 

Various methods for drug monitoring in 
biological fluids and tissues are available. 
Of these the highest sensitivity was 
achieved using high-performance liquid 
chromatography (HPLC) with electro
chemical detection, radioimmunoassay, 
and enzyme-linked immunosorbent assay. 

A very long terminal half-life of mitoxan
trone elimination was reported by our 
group in patients who were treated with 
mitoxantrone 14 mg/m2 and cyclophos
phamide 600 mg/m2 [25, 26]. Serum and 
urine concentrations were measured by an 
HPLC method with a limit of sensitivity of 
0.2 ng/ml in urine and 1 ng/ml in serum. The 
pharmacokinetic parameters were esti
mated using both urinary and serum values. 
The combined data were best described by 
an open three-compartment model (Fig. 2). 
The rapid distribution phase with a half-life 
of 0.14 h was likely to represent the plasma 
equilibrium, binding to endothelium, and 
penetration into the formed elements of 
blood. The estimated ~ half-life was 3.1 h 
and was interpreted to be associated with a 
redistribution of the drug from the formed 
elements and surfaces into the tissues. The 
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Fig. 2. Plasma concentration versus time curve and urinary excretion of mitoxantrone [26] 

terminal half-life was 215 h (range, 125-346 
h). The volume of distribution was 2248 
11m2; a total body clearance of 217 
ml/min/m2 and a renal clearance of 15 
ml/min/m2 was observed. 

Four metabolites were separated in urine 
and three in serum. The two major metabol-
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(Fig. 3). 
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included in one report [27]. Serum samples 
were obtained from six patients through 3 
weeks after treatment. Concentrations of 
290-1000 pg/ml were present in serum after 
21 days. A terminal half-life of 12.4 ± 3.1 
days was calculated. 

All pharmacokinetic studies reported a 
short t ll2« between 4.1 and 10.7 min, with the 
distribution phase being between 0.3 and 
3.1 h. In contrast, the values of the terminal 
half-life are quite variable ranging from 8.9 
h to 9 days [28-35]. Differences might be 
attributed to assay sensitivity, number and 
weighting of data points beyond 24 hand 
coadministered drugs. 

Taken together, we may suggest the fol
lowing consensus: mitoxantrone exhibits a 
rapid initial distribution phase followed by a 
relatively slow elimination phase. The 
results suggest a deep tissue compartment 
with a slow release. The very large volume 
of distribution shown by all studies suggests 
that much of the mitoxantrone is seques
tered in the tissues. 

All tissue measurements showed that 
mitoxantrone persists in human tissues for 
prolonged periods. In autopsy studies, rela
tively high tissue concentrations have been 
measured in liver, bone marrow, heart, 
lung, spleen, and kidney [36, 37]. Concen
trations of drug in tissues in which a tumor 
was located generally did not correlate with 
concentration of drug in the tumor itself. 
Exceptions to this were liver and brain. 

Pharmacokinetic data of a 21-day conti
nuous infusion of mitoxantrone were 
reported by a Dutch group. Mitoxantrone 
at doses of 0.3 mg/m2 per day to 1.3 mg/m2 
per day for 3 weeks was given. Plasma 
steady-state was reached after 35 h. At the 
highest dose, steady-state plasma levels of 
about 3.5 ng/ml were reached. Mitoxan
trone could be detected in plasma for at 
least 5 days after the end of the 21-day 
infusion period and in leukocytes for at 
least 14 days. The cellular drug concentra
tion with continuous infusion was about 
twice as high as with a bolus infusion of an 
equal myelotoxic dose, expressed as area 
under the plasma concentration time curve 
(AUC). It was speculated that, if the same 
phenomenon takes place in tumor cells, 
continuous infusion may lead to a higher 
tumor response rate [38]. 

Our group reported the results of a study 
in patients who received mitoxantrone at 
daily repeated doses [39]. The terminal 
half-life was 175 h and the volume of 
distribution in steady state was 38411. The 
urinary excretion of mitoxantrone was 
unchanged from day 1 through day 5. 
Therefore the capacity of the tissues to bind 
mitoxantrone seems to be large. 

A clinical study described the administra
tion of mitoxantrone in patients with hepat
ic dysfunction [40]. In hepatocellular carci
noma patients given 12 mg/m2 mitoxan
trone, hematologic and other toxic effects 
were similar in 13 patients with elevated 
bilirubin compared to 15 with normal bili
rubin levels. In contrast, breast cancer 
patients with elevated bilirubin levels given 
either 14 or 8 mg/m2 mitoxantrone experi
enced more severe hematologic toxicity 
than did patients with normal bilirubin 
levels. The authors suggested that these 
differences could be explained by the pre
sence of hepatocellular carcinoma cells that 
retain some variable amount of the usual 
metabolic capacity. General application 
rules for patients with impaired liver func
tion cannot be derived from this small 
study. 

Elimination and Metabolism 
of Mitoxantrone 

Investigations with bile-duct cannulated 
rats" rabbits, dogs, monkeys, and isolated 
perfused rat liver [27, 41-44] showed that 
biliary excretion is the major excretory 
pathway for mitoxantrone and its metabol
ites. 

Urinary excretion of radioactivity was 
found to be comparatively low in all species 
examined. In rabbits, less than 6 % - 8 % of 
the dose was excreted during a 6-h observa
tion period. In rats and dogs, 6 % or 4.9 % 
of radioactivity has been found in the same 
collection time, which increased to 13.6 % 
of administered dose in rats when the time 
of collection was extended to 120 h. Follow
ing a single i. v. dose of 14C-labeled mitox
antrone, renal excretion of radioactivity in 
cancer patients was similar to that in ani
mals. 
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Some investigators have also examined 
the collected body fluids by HPLC monitor
ing light absorption at 658 nm to determine 
the fraction of radioactivity belonging to 
the unchanged drug. The significant differ
ences demonstrate that up to 51 % (dogs), 
22.5 %-25 % (rabbits) and 40 % (rats) of 
the total excreted radioactivity has to be 
attributed to metabolites of mitoxantrone 
[27, 29, 30, 41, 43, 45]. In an isolated 
perfused rat liver model three more polar 
metabolites have been detected after sepa
ration via high-performance thin-layer 
chromatography [44]. HPLC investigations 
of urine, bile and plasma of patients showed 
up to four metabolites which were also 
observed in the urine and bile of rats [41, 
46,47], dogs [43] and rabbits [42]. However, 
the amount of metabolites detected by light 
absorption by no means equaled the 
radioactivity not bound to the parent com
pound [26]. 

Few attempts have been made to eluci
date the metabolism of mitoxantrone and 
only two laboratories have reported efforts 
in chemical structure elucidation of meta
bolites detected by several investigators 
[26, 34, 42, 44, 45, 47-50]. 

Our group was recently able to isolate 
and characterize several metabolites of 
mitoxantrone (Blanz et aI., unpublished 
work). The metabolic pathways are shown 
in Fig. 4. Two metabolites of mitoxantrone 
have been characterized as the mono- and 
dicarboxylic acid derivatives resulting from 
the oxidation of the terminal methylene 
groups of the side chains. Chi carelli et al. 
[50] and our group suggested these com
pounds to be metabolites. Unequivocal 
proof was provided a few weeks ago. Other 
metabolic pathways lead to metabolite with 
a cyclization of the side chain. An interme
diate precursor of this metabolite can react 
with DNA and proteins and shows alkyla
tion activity. In the presence of glutathione 
the reactive di-imine intermediate reacts to 
mono- and diglutathione conjugates. In 
addition mitoxantrone can also bind glucu
ronic acid (not shown in Fig. 4). 

As described above several different 
mechanisms of action have been suggested 
to account for the cytotoxic activity of 
mitoxantrone. In addition to intercalation, 
biological effects such as electrostatic inter
actions with DNA, DNA-protein cross
links, inhibition of topoisomerase II, pros-
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Fig. 4. Metabolic scheme of mitoxantrone 
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taglandin biosynthesis, and calcium rel
ease, alkylating properties should now be 
added. 

Perspectives 

The efficacy of mitoxantrone is established 
in breast cancer, leukemia and lymphoma. 
Further clinical studies should focus on the 
evaluation of different schedules and appli
cation modalities, e. g., loco regional vs. 
systemic treatment and continuous infusion 
vs. bolus, to improve activity and further 
decrease toxicity. The complex and unique 
pharmacokinetic and metabolic profile 
should be further investigated in these 
trials. The influence of disease status with 
altered conditions of drug elimination 
should be evaluated. In addition, studies at 
the cellular level might help to improve our 
knowledge of drug resistance and drug 
interactions. 
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Mitoxantrone in the Treatment of Acute Leukemias 

M. J. Keating 

Introdnction 

In the late 1960s the introduction of cyto
sine arabinoside (ara-C) transformed acute 
myelogenous leukemia (AML) from an 
incurable to a potentially curable disease. 
Around the same time clinical research 
discovered the activity of the anthracycline 
antibiotic, daunorubicin (DNR), in acute 
leukemia. Subsequently DNR plus ara-C 
has provided the backbone of most clinical 
trials alone or together with other agents 
such as thioguanine. Cardiac toxicity is dose 
limiting with DNR at high cumulative 
doses. Other anthracyclines such as doxo
rubicin, rubidazone, and idarubicin have 
been developed with attempts to increase 
the responsiveness of the leukemia and to 
decrease the cardiac toxicity. Results of 
early clinical trials suggest that idarubicin at 
the dose and schedule studied has a higher 
response rate than DNR in combination 
with ara-C. Other agents have been devel
oped which have significant activity in acute 
myelogenous leukemia. These agents in
clude amsacrine, VP-16, and the topic of 
this report which will be mitoxantrone. 

Mitoxantrone is an anthracenedione with 
structural similarities to doxorubicin but 
without the amino sugar moiety at C9 on the 
parent anthracycline molecule. A variety of 
clinical trials with mitoxantrone in patients 
with relapsed and refractory acute leukem
ia have shown activity similar to that seen 
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with anthracyclines [1-3]. A variety of com
bination protocols have been conducted 
which have resulted in responses in refrac
tory patients and comparative studies have 
been undertaken in previously untreated 
patients [4]. 

The MD Anderson Cancer Center has 
conducted a variety of studies with mitox
antrone in refractory acute leukemia. In 
1983, Estey et al. reported on the use of 
mitoxantrone in 41 adult patients with 
refractory acute leukemia [1]. The starting 
dose was 4 mg/m2 per day for 5 days and 
eventually the dose was escalated to 12 
mg/m2 per day for 5 days. Higher doses of 12 
mg/m2 per day for 5 days were associated 
with dose-limiting mucositis, abnormalliv
er function tests, and delayed recovery of 
normal blood counts. One complete remis
sion was noted in ten patients at doses of 
less than 6 mg/m2. Two of 23 patients 
receiving 6--8 mg/m2 achieved a complete 
remission with only 1 CR among 22 patients 
receiving higher doses. The antileukemic 
effect was greater at the higher doses as was 
the incidence of death during induction. 
This phase I-II trial formed the basis for 
subsequent studies in refractory acute leu
kemia. 

Relapse and Refractory AML 

Management of patients with AML that 
have relapsed after a previous remission or 
have proved refractory to initial remission 
induction therapy is suboptimal. A variety 
of analyses have been conducted and have 
noted that the probability of achieving a 



complete remission on salvage therapy is of 
the order of 20 % - 30 % in patients who are 
refractory to remission induction therapy 
and is similar in frequency in patients whose 
initial remission duration is less than 6 or 12 
months [5, 6]. Patients whose initial remis
sion duration is longer than 12 months have 
a higher response rate of the order of 50 % 
and, if the initial remission duration was 
greater than 18 months, the patients have a 
probability of CR approximating that of 
frontline induction therapy [5, 6]. The use 
of chemotherapy regimens in second and 
subsequent salvage therapy is associated 
with the response rate of approximately 
10 % [6]. Other important prognostic fac
tors include the karyotype of the leukemia, 
normality of organ function, and the age of 
the patient [6]. 

Extensive clinical trials have been con
ducted with the use of high-dose ara-C and 
more recently intermediate-dose ara-C in 
refractory and relapsed AML. Patients who 
receive high-dose ara-C at a dose of 3 g/m2 

every 12 h for 9-12 doses have response 
rates variably reported from 25 % to great
er than 50 % [7, 8]. We elected to combine 
mitoxantrone at a dose of 5 mg/m2 per day 
for 5 days with ara-C 3 g/m2 over 2 h every 
12 h for six doses in the management of 
refractory AML [9]. Forty-four patients 
were treated. Twenty-seven of the patients 
were less than 50 years of age and 28 
received mitoxantrone plus high-dose ara-C 
as their first salvage therapy. The initial 
remission duration was less than 1 year in 25 
of 44 patients. The overall complete remis
sion rate was 16/44 (36 %) patients. The 
median survival was 16 weeks. There was a 
strong association of survival with response 
with a median survival of responders of 
approximately 1 year. Patients who were 
refractory to remission induction and sur
vived therapy with mitoxantrone plus high
dose ara-C had a median survival of 12 
weeks. Thirteen of the 16 CR patients 
achieved complete remission in 1 course. 
Fourteen patients died during remission 
induction, 11 in the first course. Fourteen 
patients were refractory to the combin~
tion. Response was more commonly seen m 
patients under the age of 50 and in patients 
with APL (Table 1). Patients with impaired 
performance status had lower response 

Table 1. Mitoxantrone + high-dose ara-C 
in AML: prognostic factors 

Characteristic Value CRltotal (%) 

Age (years) <50 13/27 (48) 
::::50 3/17 (18) 

Morphology AML 9/25 (36) 
APL 5/8 (63) 
AMOL 0/2 (-) 
AMML 2/8 (25) 
AEL 0/1 (-) 

Performance 
Status (Zubrod) 0-1 14/32 (44) 

2 2/8 (25) 
3-4 0/4 (-) 

rates than patients whose performance sta
tus was 0-1 (Zubrod scale). Eleven of 28 
(40 % ) patients receiving mitoxantrone 
plus high-dose ara-C as first .sa~vage thera
py, achieved a complete remISSl(~n ~ersu~ 5 
of 16 (32 % ) who achieved a remISSIOn WIth 
second or greater salvage therapy. Th~re 
was a strong association of duration of first 
remission with response with the CR rate 
being 4 of 25 (16 %) if the patients were 
primary refractory or had an initial CR 
duration of less than 1 year versus 12 of 19 
(63 %) if the initial CR duration was lon~er 
than 1 year (Table 2). The CR rate accordmg 
to karyotype was 2/4 (50 %) with transloca
tion 8;21, 3/6 (50 %) with translocation 
15·17 and 3/6 (50 %) with inversion of 
ch~omosome 16. Five (42 %) of 12 diploid 
patients achieved CR versus .1(12 (8 % ) 
patients with other abnormahtIes (Table 
3). 

Table 2. Mitoxantrone + high-dose ara-C: re
sponse rate according to salvage attempt and 
duration of initial.CR in AML 

First CR 
duration 

<1 year 
::::1 year 

Salvage 
attempt 

First :::: Second 

4/16 (25%) 
7/12 (58%) 

019 (-) 
517 (71 %) 
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Table 3. Mitoxantrone + high-dose ara-C: clinical outcome by karyotype 

Karyotype Patient No. 

inv16 6 
t(15;17) 6 
t(8;21) 4 
Diploid 12 
Other Abnormalities 12 
Insufficient metaphases 4 

In previous studies using high-dose ara-C 
alone in AML, the CR rate was 11 of 45 
(24 %). The incidence of resistance to high
dose ara-C was 15 of 45 patients (33 % ) 
versus 14 of 44 patients (32 %) for the 
combination of mitoxantrone plus high
dose ara-C. The major toxicity (moderate
severe grade) of the regimen was vomiting 
in 16 % of patients, diarrhea in 21 %, and 
stomatitis in 16 %. Fourteen percent of 
patients experienced cerebellar neurotoxi
city. Febrile episodes occurred in 96 % of 
patients with hyperbilirubinemia greater 
than 2 mg % in 37 % of patients and 
creatinine elevation greater than 1.4 mg/m2 

in 32 % of patients. Recovery from the 
effects of myelosuppression was delayed in 
a number of patients so that dose escalation 
was not increased. The other reason for not 
increasing dose was the observation that 14 
out of 44 (32 %) patients died during the 
remission induction phase. 

Mitoxantrone Plus High-Dose ara-C 
in CML Blast Crisis 

Twenty-seven patients in the blastic phase 
of CML received similar combination che
motherapy to the AML group [10]. The 
patients' median age was 42 years with a 
range of 19-61 years and 26 of them had 
Philadelphia chromosome positive disease. 
Seven patients (26 % ) achieved a complete 
remission and one had a partial remission 
for an overall response rate of 30 %. Eight 
patients died during remission induction, 11 
patients had resistant disease. The median 
survival was 14 weeks for the total popula
tion. The complete remission patients had a 
median survival of 24 weeks. There was no 
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% CR % Died % Resistant 

50\ 17\ 33\ 
50 50 50 50 25 
50/ -/ 50/ 
42 

8 
50 

33 25 
25 67 
50 

Table 4. Prognostic factors for response to 
mitoxantrone + HD ara-C in CML blast crisis 

Characteristic Value 

Morphology Myeloid 
Undifferen
tiated 
Lymphoid 

Age (years) <50 
2':50 

Karyotype Ph only 
ph+others 

CR/total (%) 

2/12 (17%) 

5/13 (38 %) 

0/2 (-) 
5/21 (24 %) 
2/6 (33 %) 
6/18 (33 %) 
1/8 (13%) 

influence of age on response rate with 5/21 
(24 % ) patients under the age of 50 achiev
ing a CR versus 2/6 (33 %) patients older 
than 50 years of age (Table 4). Twelve 
patients had myeloid blast crisis and 2 
(17 %) achieved a CR versus 5/13 (38 %) 
with undifferentiated blast crisis and 0 of 2 
lymphoid blast crisis. The duration of 
chronic phase was not associated with res
ponse. Four of 12 patients with an initial 
chronic phase of less than 12 months 
achieved a CR. Eighteen patients had Phi
ladelphia chromosome as the only abnor
mality at the time of blast crisis and 6 out of 
18 (33 %) achieved a complete remission. 
Only one of eight (13 %) with additional 
karyotypic abnormalities responded. There 
was no impact of hemoglobin level or 
platelet count on response. The incidence of 
nonmyelosuppressive toxicity was similar to 
that seen in AML. Severe mucositis and 
diarrhea was seen in 4 % of patients and 
hepatic dysfunction with a bilirubin level of 
>5 mg % in 19 % of patients. Severe cere
bellar toxicity occurred in 4 % of patients. 
While mitoxantrone plus high-dose ara-C 



had a significant effect in getting patients 
into complete remission, this did not trans
late into a meaningful survival of the com
plete responders. The conclusion from this 
study was that additional therapeutic initia
tives need to be undertaken. 

Mitoxantrone Plus High-Dose ara-C 
in the Treatment of Refractory Acute 
Lymphocytic Leukemia 

Mitoxantrone plus high-dose ara-C plus 
vincristine 2 mg on day 1 and prednisone 
100 mg/day for 5 days was administered to 
25 patients with refractory or relapsed acute 
lymphocytic leukemia [11]. Four of the 
patients were more than 40 years of age and 
92 % had more than 50 % marrow blasts. 
Ten patients received the combination as 
their first salvage therapy, seven for their 
second, and eight for their third or greater 
salvage attempt (Table 5). Eleven patients 
(44 % ) achieved a complete remission, nine 
(36 %) died during remission induction 
attempts and five (20 %) were resistant to 
therapy. Seven patients had an initial first 
CR duration of 0-26 weeks and only one out 
of seven (14 %) responded. No other fea
tures were strongly associated with res
ponse. Eighteen of the 25 patients had 
documented infections which were bacter
ial in 32 % , fungal in 4 % , viral in 4 %, both 
bacterial and fungal in 8 %, and multiple 
bacterial infections in 24 % of patients. 

Formerly we had published the results of 
high-dose ara-C as a single agent together 
with vincristine and prednisone in 30 
patients with ALL [12]. Eight out of 30 
(27 % ) patients achieved a complete remis
sion. A compilation of other studies gives a 
response rate of 13 of 43 patients for 
high-dose ara-C regimens (30 %). Mitoxan-

trone plus ara-C appeared to be an effective 
regimen for a number of patients with 
refractory ALL. In an ongoing study, mitox
antrone plus high-dose ara-C in the same 
schedule is followed 1 day after discontin
uation of chemotherapy with GM-CSF 120 
mg/m2 per day by subcutaneous or short 
intravenous infusion. So far 23 patients 
have been treated. Nine out of 23 (39 % ) 
have achieved a complete remission. Only 
three patients have died during remission 
induction. However, 11 patients had resis
tant disease. The decrease in early mortality 
was associated with an improved early 
survival but no improvement in long-term 
survival. There was a shortening by 4 days of 
the time-to-recovery of 500 granulocytes 
when mitoxantrone plus high-dose ara-C 
was compared with and without GM-CSF. 
In neither the study without GM-CSF nor 
with GM-CSF was there an association of 5 
salvage attempt with a higher remission 
rate. In the study without GM-CSF, four of 
ten patients receiving treatment as their 
first salvage achieved a CR versus four of 
seven for second salvage and three of eight 
for third or greater salvage. In the study 
with GM-CSF, 5 of 13 first salvage patients 
responded versus 3 of 4 for second salvage 
and 1 of 6 third or greater salvage. Contin
ued exploration of GM-CSF is occurring to 
establish whether dose intensity can be 
increased. 

Mitoxantrone Plus Etoposide 

Ho et al. [13] have reported a high response 
rate using mitoxantrone plus VP-16 in poor
risk first-relapse patients, patients relapsing 
on maintenance therapy, second or subse
quent relapses, and patients with secondary 
AML. In that study 26 of 61 (43 % ) patients 

Table 5. Results of mitoxantrone + HD ara-C in ALL by salvage attempt 

Salvage attempt 
SI S2 2:S3 Overall 

Total 10 7 8 25 
CR 4 (40) 4 (57) 3 (38) 11 (44) 
Died 3 (30) 3 (42) 3 (38) 9 (36) 
Resistant 3 (30) 0 2 (25) 5 (20) 
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Table 6. Influence of karyotype on response to mitoxantrone + VP-16 in refractory AML 

Karyotype Sl 

t(8;21), t(15;17) 2/2 (100%) 
Diploid 4/10 (40%) 
+8/-5/-7 014 
Miscellaneous 0/2 

achieved a complete remission. The dose of 
mitoxantrone in their study was 10 mg/m2 
per day intravenously and etoposide 100 
mg/m2 per day as a short infusion both on 
days 1-5. We have conducted a study with 
mitoxantrone 7.5 mg/m2 intravenously for 5 
days and VP-16in high-dose of2 g/m2 over 4 
days either as a daily infusion or divided 
into 2 daily doses (Table 6) [14]. Twenty-one 
patients received this schedule. Seven 
patients received mitoxantrone at 6 mg/m2 
per day for 5 days and VP-16 at 1500 mg/m2 
over 3 days. A total of 47 patients have 
received this combination. Twenty-seven 
patients were less than 50 years of age and 
24 had initial CR duration of less than 6 
months. Ten of these 24 were refractory to 
initial remission induction therapy. Eigh
teen patients received the combination as 
their first salvage therapy, 7 during the 
second salvage, and 12 as their third or 
greater salvage regimen. The response for 
first salvage was 6 out of 18 (33 % ). Seven 
out of 18 patients died during the treatment 
with 28 % of patients being resistant. Three 
(18 %) patients receiving treatment as their 
second salvage attempt achieved a CR with 
41 % of patients dying during salvage ther
apy. None of the 12 patients who received 
the combination as their third or greater 
salvage responded. Six of 27 patients less 
than 50 years of age responded versus 3 of 
20 older patients. Patients whose first CR 
duration was less than 6 months had a CR 
rate of 4 of 24 (17 % ) versus 4/14 (29 % ) for 
those whose initial CR duration was 26--51 
weeks and only 2/9 (22 %) with longer 
remissions responded. Karyotype was asso
ciated with response. Patients with t(8;21) 
and t( 15; 17) had a CR rate ofthree of eight 
(38 %). Both patients with t(8;21) receiving 
treatment as their first salvage responded. 
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Salvage attempt 
2=S2 Overall 

1/6 (17%) 3/8 (38%) 
1111 (9%) 5/21 (24%) 
0/4 0/8 
1/8 (13%) 1/10 (10%) 

Diploid patients had a response rate of 5 of 
21 (24 %). None of the patients with triso
my of chromosome *8 or loss or deletion of 
either chromosome *5 or *7 responded 
(none of eight). Of those with miscella
neous other abnormalities only one out of 
ten patients responded. 

Discussion 

These studies suggest that mitoxantrone 
can be incorporated into successful combi
nations for salvage therapy in a variety of 
refractory or relapse leukemias. The 
impression persists that the response to 
salvage therapy is determined more by the 
biology of the leukemia, in particular the 
duration of the initial complete remission 
and the karyotype of the cells rather than 
the particular regimen which is being used. 
Whenever duration of initial CR is ana
lyzed, patients who receive any regimen 
appear to have a higher response rate if 
their initial CR duration is longer than 12 
months or if they have relapsed off treat
ment. In addition, patients with invl6, 
t(8;21), and t(15;17) appear to have higher 
response rates whereas those who are 
diploid have intermediate response rates 
and a very low CR rate in salvage therapy as 
found for patients with loss of deletion of 
chromosome *5 or *7, trisomy of chromo
some *8, or miscellaneous other abnormal
ities. The results which were obtained with 
mitoxantrone and VP-16 were not as satis
factory as those obtained by Ro, where 7 of 
21 primary resistant patients responded and 
9 of 20 poor risk, high and first relapse 
patients responded [13]. In addition, 4 out 
of 11 patients with second relapse achieved 
a CR and 6 out of 9 patients with secondary 



AML responded in that study. The nonhe
matologic toxicity which was reported by 
Ho was lower than we had seen with 
mitoxantrone and high-dose VP-16. In our 
study, obviously, the VP-16 dose is much 
higher and the mitoxantrone dose some
what lower. Thus dose escalation of the 
VP-16 did not translate into an improved 
CR rate. 

Mitoxantrone appears to have added in 
our historical experience to high-dose ara-C 
in the management of refractory AML. The 
dosage which we have used in salvage 
therapy (5 mg/m2 per day for 5 days) is much 
lower than in other reported studies [15, 
16]. It may well be that the mitoxantrone 
dose should be escalated and the ara-C 
dosage decreased to once a day rather than 
twice a day. Others such as Vredenburgh 
have treated relapsed or refractory AML 
with 14 mg/m2 mitoxantrone daily for 3 days 
and have achieved a 47 % complete remis
sion rate [2]. Amadori has used 6 mg/m2 per 
day for 6 days with once a day intermediate 
dose ara-C for 6 days and achieved a 
complete remission rate of 69 % [17]. Hid
de mann et al. [15] have used high doses of 
mitoxantrone also and have achieved a 
complete remission rate of 54 %. Thus the 
question of dose intensity must be 
addressed. Overall, the results suggest that 
mitoxantrone is a useful addition to our 
therapeutic armamentarium but the major
ity of patients are still refractory to salvage 
therapy attempts. 
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High-Dose Cytosine Arabinoside and Mitoxantrone (HAM) in 
the Treatment of Acute Leukemias: Results of Salvage and First 
Line Treatment 

W. Hiddemann!, C. AuF G. Maschmeyer\ W. D. Ludwig", H. Loffler5, 

N. Nowrousian6, R. Schonrock-NabulsF, P. Bettelheim8 , A. Heinecke9, 

and T. Buchner! for the German AML Cooperative Group 

Based on the significant single-agent activ
ity of cytosine arabinoside at high doses 
(HD-AraC) and mitoxantrone (Mitox) in 
refractory and relapsed acute myeloid leu
kemia (AML) and the indication of a 
sequence-dependent synergistic effect of 
the two-drug combination by in vitro inves
tigations [1, 2], a series of clinical phase II 
studies was initiated by the German AML 
Cooperative Group (AMLCG) in order to 
assess the antileukemic activity and toxicity 
of the HD-AraClMitox combination 
(HAM). These studies were primarily re
stricted to patients with refractory disease 
as previously defined in detail [3]. In addi
tion, the majority of patients were recruited 
from the studies on first line therapy of the 
AMLCG and had thus received a standar
dized induction and postremission therapy 
[4, 5]. 

The original HAM regimen consisted in 
HD-AraC 3 g/m2 by 3 h infusion q 12 h on 
days 1-4, Mitox was started at 12 mg/m2 per 
day on days 3, 4, and 5 and was escalated to 
4 and 5 doses of 10 mg/m2 per day on days 
2-5 and 2-6, respectively [6]. A total of 89 
pts. with refractory AML (n=65) or ALL 
(n=24) have been treated according to this 
protocol. Results are summarized in Table 
1. They indicate a high antileukemic activity 
of HAM in refractory acute leukemias 
which compares favorably with the data of 

Departments of Hematology and Oncology Uni
versity of Munsterl , Dusseldorf2, Berlin4, Kie1S, 
Essen6 , Vienna8, Evangel. Krh. Essen-Werden\ 
St. Georg's Krh. Hamburg1, Department of 
Biostatistics, University of Munster9, FRG 

Table 1. High-dose Ara-C and mitoxantrone 
(HAM) in refractory AML and ALL 

AML ALL 

n 65 24 

CR 35(54%) 12(50%) 
PR 2( 3%) 1( 4%) 
NR 12(18%) 5(21 %) 
ED 16(25%) 6(25%) 

other AMLC 6 phase II studies, especially 
in advanced AML (Thble 2). Since side 
effects were also acceptable, the HAM 
regimen was subsequently incorporated 
into the first line treatment of patients 
younger than 60 years of age with de novo 
AML [5 7]. 

Table 2. German AML cooperative group: 
Phase IIII trials in refractory AML 

Regimen n CR(%) 

HD-AraC 3 glm2 x 12 9 1(11 %) 
AMSANP-16 20 O( 0%) 
Ac1aNP-16 31 10(32%) 
HD-AraC/Mitox 65 35(54%) 

On the basis of the double induction 
therapy HAM was applied as second induc
tion cycle following initial TAD-9 treat
ment (Fig. 1). The TAD-9/HAM sequence 
was randomly compared with the TAD-
9/TAD-9 combination. At the present time, 
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Fig. 1. Acute myeloid leukemia double induc
tion therapy 

both sequences appear equally effective 
with complete remissions of 67 % for TAD-
9/TAD-9 and 72 % forTAD-9/HAM [7]. A 
more detailed analysis of patients exper
iencing an inadequate clearance of leu
kemic blasts from the bone marrow after 
the first TAD-9 cycle indicates, however, 
that in this subgroup a higher complete 
remission rate is achieved by applying 
HAM rather than TAD-9 as the second 
cycle (58 % versus 46 %). Although this 
difference is not statistically significant, it 
strongly suggests that TAD-9 and HAM are 
not completely cross-resistant and that the 
TADIHAM sequence is beneficial, espe
cially in cases with slow initial response. 
Hence, the most recently initiated trial of 
the German AMLCG, which is still in its 
pilot phase, applies a uniform first line 
regimen using the TAD-9/HAM sequence 
as the basis to address further questions of 
postremission treatment and the addition of 
hematopoietic growth factors. 

In parallel to the investigations of HAM 
in first line treatment, attempts were also 

Table 3. Sequential HAM (S-HAM): Pilot stu
dy 

Disease 

AML 
ALL 

Prior HAM therapy 

n 

10 
6 

8 

CR 

6 
4 

6 

directed to further improvements of salvage 
therapy. Cell kinetic and pharmacologic 
data prompted the evaluation of a timed 
sequential modification of HAM (S-HAM) 
as outlined in Fig. 2. In a first pilot study, 16 
patients with advanced AML and ALL at 
second, third and fourth relapse were 
treated accordingly and complete remis
sions were achieved in 10 pts. (62 %) [8]. 
Remarkably, 8 of the 16 cases had received 
the original HAM protocol at the preceding 
relapse and 6 of the 8 cases responded to the 
S-HAM regimen again (Table 3). These 
encouraging data provided the means to 
address further questions such as the most 
effective and appropriate dose of AraC in 
relapsed and refractory AML. Hence, using 
S-HAM as the uniform basis, as prospective 
randomized trial was initiated by the Ger
man AMLCG comparing AraC at doses of 
3.0 versus 1.0 g/m2 in pts. 5:60 years of age 
while older cases are assigned to either 1.0 
or 0.5 g/m2 AraC. With 125 presently evalu
able patients similar remission rates were 
achieved in all treatment groups with an 
overall response rate of 47 % (Table 4). 
Reasons for treatment failure, however, 
were different and suggest a superior anti
leukemic activity of higher AraC doses 
which do not translate into an improvement 
of CR rates due to an enhancced death rate 
mostly from severe infections. Further 

DODD DODD AraC 
3g/m2q~2hr 

2 :3 4 5 s 7 B 9~D~~ 

Fig. 2. Sequential HD-AraC and mitoxantrone (S-HAM) 
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Table 4. Treatment results 

CR 

Patients <60 years 41(47%) 
Patients :s60 years 17(46%) 

Total 58(47%) 

results of this trial are given in detail in a 
separate contribution (9). 

Overall, the current data emphazise a 
significant antileukemic activity of HAM in 
first and second line treatment of AML, 
which makes the combination a highly 
valuable addition substantially contributing 
to further improvements in AML therapy. 

Summary 

The significant single-agent activity of high
dose cytosine arabinoside (HD-AraC) and 
mitoxantrone (Mitox) in relapsed and 
refractory acute leukemias and the indica
tion of a synergistic antileukemic effect by 
in vitro investigations led to the clinical 
application of the two drugs in combination 
in clinical phase II studies. The original 
HAM regimen consisted of HD-AraC 
3 g/m2 q 12 h days 1-4 and Mitox 10 mg/m2 
per day days 2-6, and was applied to 89 
patients with refractory AML (n=65) or 
ALL (n=24). Complete remissions were 
achieved in 35 of 65 patients with AML 
(54 %) and in 12 of 24 patients with ALL 
(50 %). Pharmacokinetic and cell kinetic 
data prompted a further modification in a 
timed sequential application consisting of 
HD-AraC on days 1 +2 and 8+9 and Mitox 
on days 3+4 andd 10+ 11 (S-HAM). The 
encouraging results of a pilot study in 16 
patients with advanced refractory AML 10 
of whom achieved a CR allowed us to use 
the S-HAM regimen as the basis to further 
address the question about the most appro
priate dose of ARA-C in relapsed and 
refractory AML in way of a prospective 
randomized comparison of 1.0 versus 
3.0 g/m2 AraC in patients <60 years of age 
while in the older age group 0.5 g/m2 versus 
1.0 g/m2 AraC are compared. Based on 125 

ED NR+PR n 

26(29 %) 21(24 %) 88 
13(35 %) 7(19%) 37 

39(31 %) 28(22 %) 125 

currently evaluable patients no differences 
in CR rates were observed between the 
different AraC doses at the present time. 
The HAM combination was also introduced 
into the first line treatment of AML as the 
second course of double induction therapy. 
The randomized comparison with TAD 
suggests a higher, though not significant, 
antileukemic activity especially in patients 
with slow initial cytoreduction. Hence, the 
TAD/HAM combination has become the 
uniform induction treatment used in the 
current first line trial of the German AML 
Cooperative Group. In summary, these 
data indicate a high antileukemic activity of 
HD-AraC and mitoxantrone in first and 
second line AML therapy. 
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Mitoxantrone, Cytosine Arabinoside and VP-16 (MAV) 
for De Novo Acute Myeloid Leukemia: A Pilot Study 

H. Link, M. Freund, H. Diedrich, L. Arseniev, H. Wilke, 1. Austein, and H. Poliwoda 

Introduction 

In several studies it could be shown that 
mitoxantrone has considerable antileu
kemic activity [1-3]. In a previous report we 
showed that the combination of mitoxan
trone with cytosine arabinoside and VP-16 
is effective in relapsed and refractory acute 
myeloblastic leukemia (AML) [4]: 21 
(58.3 %) of 36 patients achieved a complete 
hematological remission with a therapy 
consisting of mitoxantrone (M) 10 mg/m2 
i. v., cytosine arabinoside (A) 100 mg/m2 
continuous infusion and VP-16 (V) 100 
mg/m2i. v., each for 5 days (MAVprotocol). 
Encouraged by the high antileukemic activ
ity and moderate toxicity, we applied this 
triple combination in elderly patients with 
untreated AML. The question was whether 
the effectiveness of MAV therapy could 
lead to a high response rate in this group of 
patients with intermediate risk. 

Patients and Treatment Protocol 

Eighteen patients with untreated AML and 
a median age of 58 (49-77) years were 
entered into the protocol. 

Treatment Plan (MAV) 

Mitoxantrone (M) 10 mg/m2 i. v. on days 1-5 
Cytosine arabinoside (A) 100 mg/m2 con-

Department of Hematology-Oncology, Konstan
ty-Gutschow-Str. 8, Medizinische Hochschule 
Hannover, 3000 Hannover 61, FRG 

tinuous infusion on days 1-5 VP-16 (V) 100 
mg/m2 i. v. on days 1-5. 

Two cycles were given for remission 
induction and one for consolidation thera
py; one complete remission had been 
achieved. 

Results 

Thirteen of 18 (72 %) patients attained a 
complete remission and three patients died 
during pancytopenia from bleeding, sepsis 
or cardiomyopathy. One patient reached a 
partial remission and one did not respond to 
therapy. The median duration of remission 
was 8.25 (1-26+) months; see Fig. 1. The 
toxicity is summarized in Table 1. In 
patients surviving the induction therapy, 
the median duration of granulocytopenia 
<500/!!1 was 25 (12-38) days and that of 
thrombocytopenia <25000/!!1 25 (4-38) 
days. 

Discussion 

This pilot study showed that the combina
tion of mitoxantrone with ARA-C and 
VP-16 yielded a remission rate which was in 
the upper range of the usual conventional 
chemotherapy. Considering the higher age 
of this patient population these results look 
very promising in terms of achieving a 
complete remission. We therefore recom
mend testing this combination in compara
tive clinical trials. Even further improve
ment might be achieved if the combination 
of ARA-C and VP-16 were optimized 
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Fig.1. Results of induction chemotherapy in 18 patients with de novo AML. CR, complete remission; 
PR, partial remission; the median duration of remission was 8.25 (1 - 26+) months 

Table 1. Toxicity observed in 28 MAY cycles 

WHO grade (%) 

Bilirubin 32.4 
Alkaline phosphatase 
ALT 17.4 
Creatinine 21.6 
Proteinuria 10.8 
Hematuria 21.6 
Hemorrhage 39.6 
Nausea 32.4 
Diarrhea 21.6 
Mucositis 18 
Skin reaction 21.6 
Local infection 
Sepsis 
Fever of unknown origin 7.6 
Congestive heart failure 
Neurological symptoms 10.8 

according to in-laboratory experiments. In 
vitro data strongly suggest an inhibitory 
effect ofVP-16 on the uptake of ARA-C by 
leukemic cells when both drugs are given 
simultaneously [5]. In our protocol for 
relapsed and refractory patients we there
fore recommend giving ARA-C in the form 
of a short infusion with a 12-h interval 
between the applications of ARA-C and of 
VP-16 in order to further improve the 
response rate. 
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Summary 

Mitoxantrone is an effective drug against 
acute myeloid leukemia (AML) and might 
be valuable in combination with other 
AML-active drugs such as cytosine arabino
side (ARA-C) and VP-16. In a previous 
trial we had studied the effectiveness and 
toxicity of the combination of mitoxantrone 
(M) 10 mg/m2 i. v. for 5 days, cytosine 
arabinoside (A) 100 mg/m2 in the form of a 



continuous infusion for 5-8 days and VP-16 
(V) 100-120 mg/m2 i. v. for 5 days (MAV 
protocol) for relapsed and refractory AML. 
Out of 36 patients, 21 (58.6 %) attained a 
complete remission (CR) with a median 
duration of 4.5 (1-12+) months. The 
median survival of all patients was 5.5 
(0.5-15.5+) months.We concluded that the 
MAV protocol was highly effective against 
leukemic cells and only moderately toxic. 
We then applied the 5-day MAV protocol 
with 100 mg VP-16/m2 per day to 18 elderly 
patients with de novo AML and a median 
age of 58 (49-77) years. Thirteen of the 18 
(72 %) patients attained a complete remis
sion and 3 patients died during pancytope
nia from bleeding, sepsis or cardiomyopa
thy. One patient reached a partial remission 
and one did not respond to therapy. The 
median duration of remission was 8.25 
(1-26+) months. In 28 MAV courses we did 
not observe any unusual toxicity. In patients 
surviving the induction therapy, the median 
duration of granulocytopenia <500/111 was 
25 (12-38) days and that ofthrombocytope-

nia <25000/111 25 (4-38) days. We conclude 
that MAV therapy is a highly active antileu
kemic combination with acceptable toxicity 
and deserves further clinical evaluation in 
patients with AML. 
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Role of Mitoxantrone, High-Dose Cytosine Arabinoside, and 
Recombinant Human GM-CSF in Aggressive Non-Hodgkin's 
Lymphoma 

A. D. HOl.IO, F. Del Valle2, R. Haas1, M. Engelhard3,W. Hiddemann4, H. RockIeS, 
G. Schlimok6 , E. ThieF, R. AndreesenR, W. Fiedler9 , and W. Hunstein1 

Introdnction 

The activity of mitoxantrone in patients 
with pretreated aggressive non-Hodgkin's 
lymphoma (NHL) has been demonstrated 
in several phase II studies [1-3]. In a 
previous phase II trial, the present authors 
investigated the efficacy of mitoxantrone 
combined with cytarabine (Ara-C) in con
ventional doses for patients with refractory 
disease [4], but the response rates did not 
seem to have improved as compared with 
mitoxantrone alone. Encouraging results 
have been reported on the use of high-dose 
Ara-C alone in relapsed NHL [5-7]. In 
patients with refractory acute leukemia, the 
combination of high-dose Ara-C and mito
xantrone has been shown to be active [8,9]. 
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We have initiated a series of studies with 
this combination for refractory NHL. 

The 'results in our first trial were encou
raging but showed that myelosuppression 
was the dose-limiting toxicity whereas non
hematological toxicities were mild [10]. At 
the same time, as rhGM-CSF was available 
for clinical trials, we have investigated the 
efficacy and toxicity of NOAC in combina
tion with the growth factor in patients with 
refractory NHL. As rhGM-CSF was sup
plied to some of the participating centers, 
patients' treated with rhGM-CSF are 
reported and compared to those treated in 
the same period with rhGM-CSF in a 
nonrandomized fashion. 

Materials and Methods 

Patients 

Adult patients (15-70 years of age) with 
advanced NHL (stages II-IV) who had 
refractory disease were eligible for the 
study if they had normal liver and kidney 
functions and did not have active infections 
or signs of cardiac insufficiency. The work
ing formulation was used for defining dis
ease groups of NHL [11]. 

The following criteria were used to define 
refractory disease: (1) primary resistance 
(i. e., maximally stable disease or less after 
at least two cycles) to regimens such as 
CHOP [12]/IMVP-16 [13], COP-BLAM/
IMVP-16 [14, 15], ProMACE/MOPP [16], 
MACOP-B [17], M-BACOD [18]; (2) early 
relapse (within 6 months) of first remission; 



(3) resistance, i. e., less than stable disease 
after at least two cycles of second-line 
regimen (IMVP16, ProMACe or M
BACOD, etc.) upon relapse in patients who 
have previously achieved CR with CHOP or 
equivalent as first-line therapy; and (4) 
second or higher relapses. In addition, 
there had to be measurable disease. 

Regimen 

In the first trial, mitoxantrone was admin
istered at a dosage of 10 mg/m2 per day on 
days 2 and 3 as rapid intravenous infusion 
(in 15 min) and Ara-C at 3 g/m2 per 12 h on 
day 1 (two doses). If at least a partial 
response (PR) was achieved with the first 
course, a second course was administered in 
the 4th week. The treatment, however, was 
postponed until the drug-induced myelo
suppression had recovered (i.e., platelet 
count > 100lni and neutrophil count 
>3.0/nl). If recovery was not achieved after 
the 5th week and the patient showed at least 
a partial response, another course was 
attempted with both drugs reduced in dose 
by 50 %. Patients with lower platelet and 
neutrophil counts after the end of the 6th 
week were taken off study. Nonresponsive 
patients (stable disease or less after the first 
course) were also taken off study. 

In the second study, mitoxantrone was 
given at the same dosage, whereas the dose 
of Ara-C was escalated to 3 g/m2/12 h on 
days 1 and 2 (four doses). Of nine treatment 
centers participating in the trial, rhGM
CSF was made available to five by the 
supplier (Behringwerke AG, Marburg, 
FRG). In these patients, rhGM-CSF was 
administered at a concentration of 250 
[lg/m2 per 24 h as a continuous infusion and 
was started at day 6 until the neutrophil 
count was more than 3.0/nl for three conse
cutive days [19]. 

Response and toxicity were evaluated at 
the end of each course. Dependent upon 
drug-related toxicity, patients entering into 
complete remission (CR) were to be given 
one to two courses of NOAC with or 
without rhGM-CSF at the same dosage as a 
consolidation therapy. Patients who 
achieved only a partial remission (PR) after 
two cycles were taken off study and fol-

lowed without further treatment. Toxicity 
was assessed by World Health Organization 
(WHO) criteria [20]. 

Complete remission (CR) was defined as 
disappearance of all signs and symptoms of 
disease for at least 4 weeks. Bone marrow 
and peripheral blood counts must be within 
normal range. Partial remission (PR) was 
defined as a reduction of measurable tumor 
parameters by at least 50 % for more than 4 
weeks. Bone marrow involvement or lym
phoma cells in peripheral blood must have 
decreased by more than 75 %. Response 
less than PR but not fulfilling the criteria for 
progressive disease (PD) was classified as 
stable disease (SD). PD was defined as an 
increase of measurable tumor parameters 
by at least 25 %. Patients who achieved SD 
or PD were grouped together as nonrespon
ders (NR). 

Time to treatment failure (TTF) was 
defined as time from study enrolment until 
relapse, disease progression, treatment
related death, withdrawal or date last 
known alive. Survival was defined as time 
from enrolment until death or date last 
known alive. 

The study protocol was approved by the 
Protocol Review Committee of the Medical 
Faculty of the University of Heidelberg and 
the local Ethics Commissions. Informed 
consent was obtained before therapy. 

Statistical Analysis 

Differences in duration of severe neutro
penia and thrombocytopenia, in incidence 
of side effects and response rates between 
patients treated with NOAC and rhGM
CSF, and those treated with NOAC chemo
therapy alone were analyzed by means of 
the Wilcoxon-Mann-Whitney U-test. 

Results 

In the first trial with two doses of Ara-C at 3 
g/m2 per 12 h for day 1 and mitoxantrone at 
10 mg/m2 per hour for days 2 and 3, 34 
patients were enrolled and 31 patients were 
evaluable for response and toxicity. Three 
patients were considered ineligible, two had 
Hodgkin's disease and in another patient 
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the disease was not measurable. Of the 31 
evaluable patients, 18 had high-grade NHL 
and 13 intermediate- or low-grade NHL. A 
CR was achieved in 6 of the 18 patients with 
high-grade NHL and in 1 of the 13 with 
intermediate or low-grade NHL. Two of the 
patients with high-grade NHL and five of 
those with intermediate or low-grade NHL 
attained a PRo The median TIF for patients 
with CR was 7.0 months with a range from 
4.0 to 17.0 months. 

Myelosuppression was the major toxic 
side effect of this regimen: the median 
duration of severe neutropenia «0.5/nl) 
after each course was 9 days (range: 0--27 
days) and that of severe thrombocytopenia 
«20/nl) was 5 days (range 0--35 days). 
Infections as a consequence of neutropenia 
occurred in 45.5 % of the treatment courses 
and fever of unidentified origin (FUO) in 
42.3 % of courses. Two patients died from 
disease progression within 6 weeks after 
initiation of therapy. No other serious 
nonhematologic side effects were obser
ved. 

In the second study with escalation of 
Ara-C to four doses of 3 g/m2 per 12 h each 
on days 1 and 2, 42 patients were enrolled 
but three were considered to be ineligible: 
two because of pretreatment with mitoxan
trone or high-dose Ara-C and one because 
of AIDS complex. Two further patients 
were excluded because of protocol viola
tion. Of the 37 patients evaluable for re
sponse and toxicity, 23 received rhGM-CSF 
in addition and 14 did not. A CR was 
achieved in 9 and a PR in 6 of 23 patients 
treated with chemotherapy and rhGM-CSF. 
Two of 14 patients treated with chemother
apy alone attained a CR and 4 others aPR. 
The median TTF for patients with CR was 
6.0 months (range 2.0--1O.0+months). The 
median survival of the 23 patients treated 
with rhGM-CSF in addition was 130 days 
and was significantly higher than that of 95 
days in patients treated with chemotherapy 
alone (p=0.036, log rank test). 

The major toxicity was again myelosup
pression. The median duration of severe 
neutropenia «0.5/nl) in patients treated 
with rhGM-CSF in addition was 8.0 days 
with a range from 4 to 20 days, and that of 
severe «20.0/nl) thrombocytopenia 3.0 
days (range 2-38 days). In patients who 
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received chemotherapy alone, the median 
duration of neutropenia was 13.0 days 
(range 2-27 days) and that of thrombocyto
penia 7.0 days (range 0--22 days). Only the 
difference in duration of neutropenia was 
statistically significant (p=0.OO58). The 
major nonhematologic side effects were 
mucositis, infections and PUO. In relation 
to treatment with rhGM-CSF" mucositis 
was observed in 17 % of patients receiving 
chemotherapy with rhGM-CSF whereas it 
was present in 57 % of patients with chemo
therapy alone (p=0.OO78). Infections were 
documented in 25 % of patients treated 
with rhGM-CSF versus 57 % of patients 
without rhGM-CSF (p=0.0547, n.s.). 
There was also no difference in incidences 
of FUO between the two groups. 

Discussion 

Our studies have shown that the combina
tion of mitoxantrone and high-dose Ara-C 
is active in the treatment of NHL refractory 
to second- or third-generation regimens or 
sequential regimens. Furthermore, we have 
demonstrated that the additional adminis
tration of rhGM-CSF has reduced myelo
toxicity and mucositis, and has caused no 
adverse effects on tumor response. The 
complete and overall response rates seem to 
be even higher in patients who received 
rhGM-CSF. 

With mitoxantrone alone, response rates 
(CR+PR) of 20% - 35% have been 
achieved in relapsed and refractory NHL 
(1-3). Mitoxantrone has since been com
bined with etoposide and ifosfamide as 
salvage therapy [21], or with prednimustine 
[22] as primary and salvage therapy in 
patients with aggressive NHL. An overall 
response rate of up to 78 % has been 
reported with these combinations, but the 
criteria for patient entry in these studies are 
not comparable to our studies reported 
here. 

Although the results of our trials did not 
appear to be superior to those of other 
salvage regimens reported in the literature, 
these patients were more heavily pretreated 
and most of these patients had disease that 
was primarily refractory to two or more 
different regimens before entry into the 



trials and all had progressive disease before 
treatment. 

As rhGM-CSF was first introduced into 
our regimen, the main concern was whether 
the application of hematopoietic growth 
factors might have any adverse effects on 
response rates and response duration. De
spite all the limitations of a nonrandomized 
trial and disparity between the two groups, 
our pilot study indicates that the response 
rate might be higher in those patients 
treated with rhGM-CSF in addition to 
chemotherapy. Based on the preliminary 
results from these sequential trials, we are 
concurrently conducting a placebo-con
trolled, randomized trial using NOAC with 
rhGM-CSF in patients with refractory 
NHL. 

A number of risk factors for relapse in 
patients with aggressive NHL have recently 
been defined [23, 24]. It seems that patients 
with elevated LDH, bulky tumor mass, 
extranodal sites, or poor performance sta
tus have a poor prognosis and that such 
patients should be treated with more inten
sive chemotherapy followed by autologous 
stem cell transplantation. In another ongo
ing trial, the regimen NOAC combined with 
rhGM-CSF is used as a consolidation regi
men and at the same time for enhancement 
of peripheral stem cell yield for autologous 
stem cell transplantation. The aim of this 
study is to improve the duration of CR and 
incrase the cure rate by consolidating the 
responders to primary regimens with mito
xantrone and high-dose Ara-C and subse
quent autologous stem cell transplantation 
for patients with poor prognostic factors. 

Summary 

Mitoxantrone (Novantrone, NO) and high
dose cytarabine (Ara-C, AC) have each 
been shown to be active in non-Hodgkin's 
lymphoma (NHL). This is a report on our 
past experience with these two agents and 
on the use of recombinant human granulo
cyte-macrophage colony-stimulating factor 
(rhGM-CSF) for aggressive NHL. The first 
study combined high-dose cytarabine (3 
g/m2 per 12 h as a 3 h infusion on day 1) with 
mitoxantrone (10 mg/m2 per day on days 2 
and 3). Of 31 patients with relapsed and 

refractory NHL, 7 achieved complete re
mission (CR) and 7 partial remission (PR). 
In the second study the dosage of cytara
bine was escalated to 3 g/m2 per 12 h on days 
1 and 2 (four doses) while mitoxantrone 
remained at 10 mg/m2 per day on days 2 and 
3. RhGM-CSF was administered at 250 
f.lg/m2 per day as a continiuous i. v. infusion 
from day 6 until the neutrophils were 
>3.0/nl for three consecutive days. Twenty
three patients from 5 centers were treated 
with NOAC + rhGM-CSFwhile 14 patients 
from 4 other centers received NOAC alone. 
A CR was achieved in 9 of 23 patients who 
received rhGM-CSF in addition and in 2 of 
14 patients treated with NOAC alone. With 
rhGM-CSF the median duration of severe 
neutropenia «0.5/nl) after chemotherapy 
was 8 days versus a median of 13 days 
without rhGM-CSF (p=0.0058). The rates 
of infection and mucositis were 25 % and 
17 % respectively with rhGM-CSF com
pared to 57 % (p = 0.0547) and 57 % 
(p = 0.0078) without rhGM-CSF. Concur
rently, a double-blind controlled study is 
being conducted comparing the treatment 
outcome of patients with refractory disease 
treated with NOAC and rhGM-CSF versus 
patients treated with NOAC and placebo. 
In another trial for patients with defined 
poor risks, the same regimen combined 
with rhGM-CSF is used as an induction or 
consolidation regimen and simultaneously 
for stimulation of peripheral stem cells for 
autologous transplantation. 
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Treatment of Low-Malignant Non-Hodgkin's Lymphoma by 
Cytoreductive Chemotherapy with PrednimustinelMitoxantrone 
(PmM) Followed by Interferon-a2b Maintenance 

M. Unterhalt l , P. Koch l , M. Nahler l , R. Herrmann2, and W Hiddemann1 

Introdnction 

The prognosis of patients with low-grade 
malignant non-Hodgkin's lymphomas in 
advanced stages III and IV has not signifi
cantly changed within the past 15 years. The 
median survival after diagnosis is 6-10 years 
[2,6, lO].While patients in stages I and II, in 
some cases also in stage III, can be cured 
by radiotherapy [9], only palliative treat
ment concepts are available for patients 
with advanced disease. Although low-grade 
non-Hodgkin's lymphomas respond to dif
ferent forms of cytostatic therapy in the vast 
majority, a significant prolongation of sur
vival has not been demonstrated. In 1988, 
Landys et al. [7] reported on a high anti
lymphoma activity of the combination of 
prednismustine and mitoxantrone with a 
low incidence of therapy-associated side 
effects. 

Several groups have demonstrated a sig
nificant antilymphoma activity of interfe
ron-a also in patients resistant to conven
tional cytostatic therapy [3, 8, 11]. Based on 
experimental data and preliminary clinical 
observations, the application of interferon
a seems to be more promising in patients 
with a lower tumor load after initial chemo
therapy has significantly reduced the num
ber of lymphoma cells [1]. Based on these 
data, a phase II study was initiated for 
patients with advanced low-malignant non-

Department of Internal Medicine, University of 
Miinster, Albert-Schweitzer-Str. 33, 4400 Miin
ster, FRG 
Department of Internal Medicine, University of 
Berlin, FRG 

Hodgkin's lymphoma using prednimustine 
and mitoxantrone for initial cytoreductive 
therapy and interferon-a as maintenance 
therapy [4]. 

Patients and Methods 

The initial cytoreductive therapy in this 
study consisted of a combination of 100 
mg/m2 per day prednimustine, giyen on 
days 1-5 p. o. and the intravenous adminis
tration of mitoxantrone 8 mg/m2 per day on 
days 1 and 2. This therapy was repeated 
after a minimum of 4 and a maximum of 6 
weeks. Inclusion criteria for the study were 
B symptoms, hematopoietic insufficiency, 
objective progression of the lymphoma or 
bulky disease. After every two cycles of 
therapy the treatment success was reeva
luated. In patients with progression of the 
lymphoma the therapy was discontinued. 
Patients who achieved a complete remission 
after four cycles of therapy received two 
further cycles as consolidation. The other 
patients also received two additional cycles 
of chemotherapy. If they achieved at least a 
partial remission, i. e., at least 50 % reduc
tion of the initial lymphoma mass, two 
further cycles of PmM were applied as 
consolidation. This group of patients 
received a total of eight cycles. In patients 
with posttherapeutic cytopenia with less 
than 1500 neutrophils/~l or less than 75000 
platelets/~l the dose of prednimustine and 
mitoxantrone was reduced by 25 % in the 
subsequent cycles [4]. 

A total of 19 patients have been treated in 
the pilot study. The median age was 59 
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years. Eight patients were female, 11 male. 
The histological diagnosis according to the 
Kiel classification was centroblastic-centro
cytic in 13 cases, centrocytic in 3 cases. The 
remaining three patients were diagnosed as 
lymphoplasmocytoid immunocytomas. Two 
of the 19 patients had not received prior 
therapy. Seventeen patients had received at 
least one course of chemotherapy with 
drugs not tested in the pilot study. Five of 
the 17 patients had received radiotherapy. 

Results 

A total of 137 therapy cycles were eva
luated. The most significant side effect was 
myelosuppression with an incidence of leu
kocytopenia of WHO grade III or IV in 
29 % . The rate of severe infections was 9 % . 
A significant thrombocytopenia of WHO 
grade III and IV occurred in only 5 % of 
cycles. Dose reduction was necessary in 
48 % of all courses. 

Two of the 19 patients achieved a com
plete remission after only 2 cycles. One 
patient achieved complete remission after 
four, another patient after six cycles. So the 
total rate of complete remissions was four 
patients. Nine patients had a reduction of 
the initial lymphoma manifestations of at 
least 50 %, defined as partial remission. 
Two patients had no change, while four 
patients showed progression of lymphoma 
under therapy. The 13 patients with a signif
icant response to the initial chemotherapy 
received 2 further courses of consolidation 
followed by maintenance therapy with 5 
million IV interferon-a s. c. 3 X per week. 
The median remission duration of these 
patients was 14.5+ months. In comparison 
with the preceding chemotherapies in these 
patients maintenance therapy with interfe
ron-a shows a tendency toward a longer 
remission duration. The results of this pilot 
study are the basis for the current, multi
center study in patients with centroblastic
centrocytic lymphoma and centrocytic 
lymphoma at advanced stages III and IV. 
The goal of this study is a randomized 
comparison of the currently described 
PmM regimen with standard COP chemo
therapy. COP consists of 400 mg/m2 per day 
cyclophosphamide i. v. on days 1-5, 
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1.4 mg/m2 vincristine with a maximum of 2 
mg/dose on day 1 and 100 mg/m2 per day 
prednisone p. o. on days 1-5. Inclusion 
criteria were identical to those of the pilot 
study. Patients were randomized by the 
study center in Miinster into one of the two 
therapy arms. As in the pilot study, all 
patients received a minimum of six and a 
maximum of eight cycles, depending on the 
results after four cycles of therapy. Therapy 
was discontinued in patients with progres
sion of the disease. Patients who achieved a 
complete or at least a partial remission, 
under initial COP or PmM therapy, were 
randomized for maintenance therapy with 
interferon-a versus observation only. As of 
February 1991,141 patients from 55 centers 
have entered the study. The histological 
diagnoses were centroblastic-centrocytic 
lymphoma in 100 patients and centrocytic 
lymphoma in 37 patients. Four patients 
with different histological diagnoses were 
excluded. 

Patient recruitment has increased steadi
ly after the start of the study in May 1988. 
Eighty-nine patients of the 141 patients 
entered the study after June 1989 and have 
been randomized between COP and PmM. 
Before this date each center treated with 
either PmM or COP. Only the randomized 
patients form the basis of the comparative 
evaluation of the two chemotherapy proto
cols. Seventy-eight of the 141 patients were 
male, 63 were female. As expected, 
patients with centrocytic lymphoma 
showed a preponderance of male patients 
while in the group of cb-cc lymphomas a 
slightly higher number of female patients 
was registered. The median age was 53 
years. Analysis of therapy-related toxicity 
was performed on the basis of 187 treatment 
courses with COP and 241 treatment 
courses with PmM (Table 1). The most 
significant side effect of the two initial 
chemotherapies in this group of not pre
viously treated patients was myelosuppres
sion, most notably granulocytopenia. There 
was no significant difference in hematotox
icity between the two therapy arms. How
ever, differences have been noted in cardio
toxicity which was more pronounced in 
patients receiving PmM, while neurotoxici
ty and alopecia were more frequently 
observed in patients receiving COP. The 



Table 1. COP vs. PmM: side effects 

COP PmM 
WHO toxicity I II III IV N I II III IV N 

(%) (%) (%) (%) (%) (%) (%) (%) 

Hemoglobin 22.0 3.3 2.1 0.8 241 12.9 5.0 1.1 0.0 280 
Leukocytes 10.0 17.1 30.8 11.7 240 8.8 21.9 27.9 8.8 283 
Granulocytes 7.5 13.4 21.4 12.3 187 12.0 13.7 19.5 14.9 241 
Thrombocytes 4.8 0.9 0.9 0.4 231 8.9 5.0 1.8 0.7 280 
Bleeding 0.0 0.0 0.4 0.0 235 1.4 0.7 0.0 0.0 289 
Nausea/vomiting 18.9 4.5 2.5 1.6 243 24.7 5.8 3.4 0.0 291 
Mucositis 3.0 0.4 0.0 0.0 237 5.6 1.4 0.0 0.0 287 
Obstipation 3.8 0.8 0.0 0.0 237 1.1 1.1 0.0 0.0 285 
Diarrhea 5.9 2.1 0.8 0.0 236 1.4 0.3 0.0 0.0 287 
Fever 2.9 3.8 0.4 0.0 238 2.4 1.7 0.0 0.0 288 
Alopecia 22.0 30.9 26.3 0.0 236 15.5 8.3 0.0 0.0 278 
Infection 3.8 5.0 0.8 0.4 238 5.9 2.8 0.3 0.3 290 
Cardiac dysfunction 0.8 0.0 0.0 0.0 236 4.5 1.0 3.1 0.0 289 
Neurotoxicity 19.3 0.8 0.4 0.0 238 2.4 1.0 0.0 0.0 287 

Table 2. Response after induction therapy with COP (35) or PmM (49) 

N CR4 CR6 PR NC PD Dead Excl. 

84 21 13 31 5 5 4 5 

25.0% 15.5% 36.9% 6.0% 6.0% 4.8% 6.0% 

combined analysis of treatment response 
for both treatment arms shows a complete 
remission after 4 cycles in 21 of the 84 
patients (Table 2). An additional 13 
patients achieved CR after 6 cycles. Thirty
one patients achieved partial remissions 
after six cycles. Five patients had no change 
and five patients progressed under therapy. 
During the course of therapy four patients 
died. Five patients were excluded due to 
protocol violation. After the consolidation 
therapy patients in CR or PR are random
ized between interferon-a maintenance and 
no further therapy. So far, 63 patients have 
been randomized. 

Conclusion 

Stimulated by the results of Landys on 
PmM [7] and reports on a beneficial effect 

by interferon-a [1, 3, 8, 11], we initiated a 
pilot study in 1987, which confirmed the 
excellent therapeutic results. This was the 
basis for the current study randomizing 
PmM versus COP in induction therapy and 
randomizing interferon-a versus no therapy 
in patients with CR or PR. Preliminary 
analysis shows a comparable toxicity in 
both induction treatment arms. Definitive 
evaluation requires the recruitment of addi
tional patients and longer observation 
times. 

Summary 

In a clinical phase II study the antilympho
rna activity of the recently introduced com
bination of prednimustine and mitoxan
trone (PmM) was evaluated in 19 patients 
with advanced low-malignant non-Hodg-
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kin's lymphomas after failure or relapse 
after standard chemotherapy. The PmM 
regimen consisted of prednimustine 100 
mg/m2 per day orally days 1-5 and mitoxan
trone 8 mg/m2 per day i. v. days 1 and 2 and 
was repeated every 4-6 weeks to a maxi
mum of six cycles. Patients achieving a 
complete or partial remission (PR or CR) 
received two additional courses for consol
idation followed by interferon-a2b 5 x 106 

units s. c. three times weekly until progres
sion or relapse. Thirteen of the 19 patients 
(68 %) responded with four CRs and nine 
PRs. PmM side effects consisted mainly of 
neutropenia requiring dose reduction in 
48 % of treatment cycles. All 13 responding 
patients subsequently received IFN-a2b 
maintenance treatment. At the present 
time remission duration ranges from 
4.5+ -17.5+ months with a median of 14.5 
months. In comparison to unmaintained 
first remission preceding the PmM/IFN trial 
a tendency towards a longer period of 
freedom from progression was apparent in 
the 13 patients receiving IFN maintenance 
treatment during their second PR or CR. 
These data provided the basis for a current
ly ongoing multicenter study randomly 
comparing initial chemotherapy by PmM 
versus COP in patients with advanced CB
CC and CC-non-Hodgkin's lymphomas fol
lowed by a second randomization in CR and 
PR patients for maintenance with IFN-a 
versus observation, only. The PmM regimen 
is applied as indicated above. The COP 
regimen consists of cyclophosphamide 
400 mg/m2 per day i. v. days 1-5, vincristine 
1.4 mg/m2 (max. 2 mg) i. v. day 1 and pred
nisone 100 mg/m2 per day orally days 1-5. 
At the present time 141 patients have been 
enrolled into this ongoing study, 84 of whom 
are currently evaluable for response and 
toxicity. CR was achieved in 34 cases (40 % ) 
while an additional 31 cases (37 %) 
obtained a PRo Side effects were mild to 
moderate with neutropenia occurring in 
33 % of treatment courses. Further accrural 
of patients and longer observation times are 
needed to confirm these promising results 
and to disclose the comparative analysis of 
PmM vs. COP and IFN maintenance versus 
observation only. 
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