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Preface 

150 years after the first description of the clinical picture of "white blood" and the 
introduction of the term "leukemia" by R.Virchow it appears, that the leukemias, 
and the acute leukemias in particular, serve as an impressive example for the major 
improvements that have been achieved in the treatment but also in the understand
ing of the biology of malignant dis orders. The international symposia "Acute 
Leukemia" which are held at Münster since 1986 have developed into an interna
tional forum to review the current progress and the future perspectives of leukemia 
research and therapy at a high scientific and clinicallevel. Since the possibility for 
active participation in these symposia is somewhat restricted we are glad to have the 
opportunity to extend the information that was presented at the symposium "Acute 
Leukemias V - Experimental Approaches and Management of Refractory Disease" 
which was held from February 27 to March 2, 1994 to a broader audience of basic 
scientists and clinicians. This meeting was especiaIly designed to discuss experimen
tal approaches and the management of refractory disease which allows to evaluate 
new experimental therapies on the basis of preclinical studies. Rence, topics such as 
the pharmacokinetics of cytostatic agents, drug resistance, the application of growth 
factors for the modulation of cytotoxicity as weIl as clinical trials in both acute 
myeloid and lymphoblastic leukemias and the biology of residual disease were all 
addressed in different sessions and discussed by weIl recognized experts in the 
respective fields. The results summarized in these Proceedings are mostly new and 
previously unpublished and demonstrate the rapid transformation of basic research 
into clinical practice. This development will continue to translate into further 
improvements of therapy which will ultimately benefit patients with these dis orders. 

July 1995 W. RIDDEMANN . T. BÜCHNER 

B. WÖRMANN • J. RITTER 

U. CREUTZIG . W. PLUNKETT 

M. KEATING 
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Abstract. The establishment of a ceH culture sys
tem for the clonal development ofhematopoiet
ic ceHs has made it possible to discover the 
proteins that regulate ceH viability, growth and 
differentiation of different hematopoietic cell 
lineages and the molecular basis of normal and 
abnormal cell development in blood forming 
tissues. These regulators include cytokines now 
called colony stimulating factors and inter
leukins. Different cytokines can induce ceH via
bility, multiplication and differentiation, and 
hematopoiesis is controlled by a network of 
cytokine interactions. Cytokines induce viability 
by inhibiting programmed cell death (apopto
sis) including inhibition of apoptosis in 
leukemic cells treated with cytotoxic chemother
apy and irradiation therapy. Apoptosis and 
development of hematopoietic cells are also 
controlled by different genes including the 
tumor suppressor gene wild-type PS3 and the 
oncogenes mutant PS3, deregulated c-myc and 
bcl-2. Identification of the molecular controls of 
normal cell viability, growth and differentiation 
have made it possible to identify changes in the 
developmental pro gram that result in leukemia. 
When normal cells have been changed into 
leukemic cells, the malignant phenotype can 
again be suppressed by inducing differentiation 
and apoptosis. Results on the suppression of 
malignancy in myeloid leukemia have shown 
that suppression of malignancy does not have to 
restore all the normal controls, and that genetic 
abnormalities which give rise to malignancy can 
be bypassed and their effects nullified by induc
ing differentiation and apoptosis. The results 
provide a new approach to therapy. 

"The described cultures thus seem to offer a 
useful system for a quantitative kinetic ap
proach to hematopoietic cell formation and for 
experimental studies on the mechanism and 
regulation of hematopoietic ceH differentiation" 
[1]. 

In order to analyze the controls that regulate 
viability, multiplication and differentiation of 
normal hematopoietic cells to different celllin
eages and the changes in these controls in dis
ease, it is desirable and convenient to study the 
entire process in cell culture starting from single 
cells. Analysis of the molecular control of differ
ent types of hematopoietic cells therefore began 
with the development of a cell culture system for 
the cloning and clonal differentiation of differ
ent types of normal hematopoietic cells. This 
cell culture system was then used to discover a 
family of cytokines that regulate cell viability, 
multiplication and differentiation of different 
hematopoietic celliineages, to analyze the origin 
of some hematological diseases, and to identify 
ways of treating these diseases with normal 
cytokines. I will mainly discuss cells of the mye
loid ceH lineages which have been used as a 
model system. 

The discovery af colany stimulating factars: cytakines that 
contral develapment af different celliineages. Hematop
oiesis cannot be maintained in cultures contain
ing only hematopoietic ceHs suggesting that 
these cells require specific factors to maintain 
viability, growth and differentiation [2-6]. The 
culture system that was initially developed to 
study normal hematopoiesis, thus included in 
addition to normal ceHs from blood forming 
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tissues of mice also feeder layers of other ceH 
types such as normal embryo fibroblasts. These 
other ceH types were chosen as possible candi
dates for ceHs that produce the regulatory 
molecules required for the cloning and differen
tiation of different hematopoietic ceH lineages. 
The first such system [1), using ceHs cultured in 
liquid medium (Table 1), showed that it was pos
sible to obtain by this procedure clones contain
ing mast ceHs or granulocytes in various stages 
of differentiation. To make it simpler to distin
guish and isolate separate clones, this system 
was then applied to the cloning of different ceH 
lineages in semi-solid medium containing agar 
or methylceHulose [7-9). Analysis of the first 
types of clones obtained in agar with these feed
er layers showed clones containing macro
phages, granulocytes, or both macrophages and 
granulocytes, in various stages of differentia
tion.The experiments also showed that these 
clones could originate from single ceHs [7-10). 
This assay in agar or methylceHulose was then 
applied to cloning and clonal differentiation of 
normal human macrophages and granulocytes 
[11,12) and to the cloning of aH the other blood 
ceH lineages including erythroid ceHs [13), B 
lymphocytes [14), T lymphocytes [15) and 
megakaryocytes [16,17). 

When blood forming ceHs were cloned in a 
semi-solid substrate such as agar, another more 
solid agar layer was placed between the feeder 
layer cells and the cells seeded for cloning. This 
showed that the inducer(s) required for the for
mation of macrophage and granulocyte clones 
were secreted by the feeder layer ceHs and can 
diffuse through agar [7). This finding led to the 
discovery (Table 1) that the inducers required 
for the formation of macrophage and granulo
cyte clones are present in conditioned medium 
produced by the feeder ceHs [8,10). These in duc
ers were found in the conditioned medium from 
different types of normal and malignant ceHs 

(reviewed in [18,19)). These media were then 
used to purify the inducers [20-24). A similar 
approach was later used to identify the protein 
inducers for cloning of T lymphocytes [25) and 
B lymphocytes (reviewed in [26)). When ceHs 
were washed at various times after initiating the 
induction of clones, there was no further devel
opment of either macrophage or granulocyte 
clones unless the inducer was added again [27). 
The development of clones with differentiated 
ceHs thus requires both an initial and continued 
supply of inducer. 

In ceHs belonging to the myeloid ceHlineages, 
four different proteins that induce ceH multipli
cation and can thus induce the formation of 
clones (colony inducing proteins) have been 
identified (reviewed in [3-6)). The same pro
teins have been given different names. After 
they were first discovered in ceH culture super
natant fluids [8-10), the first inducer identified 
was called mashran gm from the Hebrew word 
meaning to send forth with the initials for gran
ulocytes and macrophages [28). This and other 
growth-inducing proteins were then re-named 
including macrophage and granulocyte inducers 
(MGI) [20)-type 1, (MGI-1), are now caHed col
ony stimulating factors (CSF) [29), and one pro
tein is caHed interleukin-3 (lL-3) [24) (Table 2). 
Of these four CSFs, one (M-CSF), in duces the 
development of clones with macrophages, 
another (G-CSF), clones with granulocytes, the 
third (GM-CSF), clones with granulocytes, 
macrophages, or both macrophages and granu
locytes, and the fourth, (lL-3), clones with mac
rophages, granulocytes, eosinophils, mast ceHs, 
erythroid ceHs, or megakaryocytes (Table 2). 
The CSFs induce ceH viability and ceH multipli
cation (reviewed in [3-6,30,31)) and enhance the 
functional activity of mature ceHs (reviewed in 
[29)). Cloning of genes from mice and humans 
for IL-3, GM-CSF, M-CSF and G-CSF has shown 
that these proteins are coded for by different 

Table 1. Establishment of the cell culture system for cloning and clonal differentia
tion of normal hematopoietic cells and discovery of the molecular regulators of this 
clonal development in cell culture supernatants 

Cloning and differentiation in liquid medium (mast cells and granulocytes) [I] 

Cloning and differentiation in agar (macrophages and granulocytes) [7-9] 

Cloning and differentiation in methylcellulose (macrophages and granulocytes) [8] 

Inducers for cloning and differentiation secreted by cells [7] 

Inducers for cloning and differentiation in cell culture supernatants (macrophages 
and granulocytes) [8,10] 
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Table 2. Induction of growth and differentiation of normal myeloid precursor cells by different hematopoietic 
cytokines 

Location on chromosome lnduction of differentiation 
Induction of 

Nomenc1ature Mouse Human colonies* Direct Indirect** 

MGI-1M = CSF-1 = M-CSF 3 +(M) + 
MGI-1G = G-CSF 11 17 +(G) + 
MGI-1GM = GM-CSF 11 5 +(G,M) 
IL-3 11 5 +(G, M, others) + 
MGI-2=IL-6 7 +(G,M,Meg) 
IL-1 2 2 +(G,M, Meg) 
D-factor = HILDA = LIF 11 22 CD CD 
DIF=TNF 17 6 CD CD 

*Colonies with macrophages (M), granulocytes (G), granulocytes and macrophages (G, M) and granulocytes, 
macrophages, eosinophils, mast cells, megakaryocytes or erythroid cells (G, M, others), megakaryocytes (Meg) 
** The four CSFs, inc1uding IL-3 and IL-1, induce production ofIL-6. CD = cell death. References in [5) 

genes (reviewed in [32]). Since the discovery of 
CSFs, other cytokines have been found includ
ing various ILs and stern ceil factor. 

It appeared unlikely that a CSF that induces 
ceil multiplication is also a differentiation in
ducer whose action includes stopping ceil multi
plication in mature ceils. Indeed, a protein that 
acts as a myeloid ceil differentiation inducer and 
does not have colony stimulating activity was 
identified and cailed macrophage and granulo
cyte inducer-type 2 (MGI-2), (reviewed in [3-6]). 
Studies on amino acid sequence of the purified 
protein, neutralization by monoclonal antibody 
and myeloid ceil differentiation-inducing activity 
of recombinant protein have shown that MGI-2 is 
interleukin 6 (IL-6) [5] and there are presumably 
other normal hematopoietic ceil differentiation 
inducers. Studies on myeloid leukemic cells have 
identified other differentiation inducing proteins 
called D-factor and differentiation-inducing fac
tor (DIF) (reviewed in [5]). D-factor was identi
fied as a protein that has also been called LIF and 
HILDA, and DIF was found to be a form of tumor 
necrosis factor (TNF). IL-6 can induce viability 
and differentiation of normal myeloid precur
sors, but LIF and TNF which induce differentia
tion in certain clones of myeloid leukemic ceils 
do not induce viability or differentiation of nor
mal myeloid ceils (reviewed in [5]) (Table 2). 

Network of Hematopoietic Cytokines 

Production of specific ceil types has to be 
induced when new ceils are required and has to 
stop when sufficient ceils have been produced. 

This requires an appropriate balance between 
inducers and inhibitors of development. The 
development of normal hematopoietic ceils is 
positively regulated by several CSFs and ILs and 
can be negatively regulated by TNF and by a 
cytokine called transforming growth-factor bl 
(TGF-bl). TGF-bl can selectively inhibit the 
activity of some CSFs and ILs and can also 
inhibit the production of these cytokines [33]). 
The control of the hematopoietic system thus 
shows considerable flexibility. A good way to 
obtain such flexibility would be for the different 
factors to function within a network of interac
tions and this is indeed how the hematopoietic 
cytokines act [5,34,35] (Fig. 1). An important 
function of the network is to selectively control 
programmed ceH death. 

Parts of this network function not only within 
the hematopoietic ceil system but also for some 
non-hematopoietic ceH types. For example, in 
endothelial ceHs that make blood vessels there is 
an induction of IL-6 when new blood vessels are 
being formed and the production of IL-6 is 
switched off when angiogenesis has been com
pleted [36]. The transient expression of IL-6 in 
the endothelial ceHs indicates a role for IL-6 in 
angiogenesis in addition to its role in regulating 
the development of myeloid and lymphoid 
hematopoietic ceils. IL-6 can also induce the 
production of acute phase proteins in liver ceils 
[26]. The pleiotropic effects of a cytokine such 
as IL-6 raises the question whether these effects 
on different ceH types are direct, or are indirect 
by IL-6 switching on production of other regula
tors that vary in the different ceH types. Inter
pretation of experimental data on the effect of 
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each cytokine therefore has to take into account 
that the regulator functions in a network of 
interactions, so as to avoid an incorrect assign
ment of a specific effect to a direct action of a 
particular cytokine. This network has also to be 
taken into account in the clinical use of these 
cytokines. What can be therapeutically useful 
may be due to the direct action of an injected 
cytokine, or to an indirect effect due to other 
cytokines that are switched on in vivo. 

A network of interactions allows considerable 
flexibility depending on which part of the net
work is activated. It also allows a ready amplifi
cation of response to a particular stimulus such 
as bacteriallipopolysaccharide (LPS) [5,35]. This 
amplification can occur by autoregulation and 
by transregulation of genes for the hematopoiet
ic cytokines [5]. There is also a transregulation 
by these cytokines of receptors for other cyto
kines [37,38]. In addition to the flexibility of this 
network both for the response to present-day 
infections and to infections that may develop in 
the future, a network mayaiso be necessary to 
stabilise the whole system. Hematopoietic 
cytokines induce during differentiation sus
tained levels of transcription factors that can 
regulate and maintain gene expression in the 
differentiation program [39]. Interactions 
between the network of hematopoietic cytokines 
and transcription factors can thus ensure the 
production of specific cell types and stability of 
the differentiated state. 

Differentiation of Leukemia (ells by Normal Regulators of 
Hematopoiesis. In normal hematopoietic cells 
induction of growth by a cytokine is coupled to 
induction of cen differentiation (reviewed in 
[40]). One mechanism for such coupling is the 
induction of a differentiation inducer such as 
IL-6 by the different CSF's [40]. In contrast, 
myeloid leukemic cells show an uncoupling 
between induction of growth and differentiation 
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Fig. 1. Network of interactions 
between hematopoietic regulatory 
proteins 

and it was therefore questioned whether 
myeloid leukemic cells can still be induced to 
differentiate to mature non-dividing cells by 
cytokines that induce differentiation in normal 
myeloid ceIls? This question has been answered 
by showing that there are clones of myeloid 
leukemic cens that can be induced to differenti
ate to mature macrophages or granulocytes 
through the normal sequence of gene expression 
by incubation with the normal myeloid differen
tiation-inducing protein IL-6. These are called 
D+ clones (D for differentiation). The mature 
ceIls, which can be formed from an the cens of a 
leukemic clone, then stop multiplying like nor
mal mature cells and are no longer malignant 
in vivo. In addition to D+ clones that can be 
induced to differentiate by IL-6, there are other 
D+ clones from other myeloid leukemias that 
can be induced to differentiate by incubation 
with GM-CSF, IL-3, or G-CSF (reviewed in [2-
6,40]). In these clones the growth inducers pre
sumably induce production of an appropriate 
differentiation inducer. D+ leukemic cens that 
respond to IL-6 can also be induced to differen
tiate by IL-1a and IL-1b, and this is mediated by 
the endogenous production ofIL-6 [5]. 

Studies in animals and humans have shown 
that normal differentiation of D+ myeloid 
leukemic cens to mature nondividing cens can 
be induced not only in culture but also in vivo 
[41]. These leukemias, therefore, grow progres
sively when there are too many leukemic cens 
for the normal amount of differentiation induc
er in the body. The development of leukemia 
can be inhibited in mice with these D+ leu
kemic cells by increasing the amount of differ
entiation inducing protein, either by injecting it 
or by injecting a compound that increases its 
production by cells in the body [42,43]. 
Induction of differentiation in vivo like in vitro 
can occur directly, or by an indirect mechanism 
that involves induction of the appropriate 



differentiation inducing protein either by the 
same ceils or by other ceils in the body. After 
injection of myeloid leukemic ceils into fetuses, 
D+ leukemic ceils can participate in hematopoi
etic ceil differentiation in apparently healthy 
adult animals [44>45]. 

The D + myeloid leukemic ceils have an 
abnormal chromosome composition, and sup
pression of malignancy in these ceils was not 
associated with chromosome changes. It was 
obtained by induction of the normal sequence of 
ceil differentiation by anormal myeloid regula
tory protein. In this suppression, the stopping of 
ceil multiplication by inducing differentiation to 
mature ceils bypasses genetic changes that pro
duced the malignant phenotype [46]. 

The study of different clones of myeloid 
leukemic ceils has also shown that in addition to 
D+ clones there are differentiation defective 
clones cailed D - clones. Some D - clones are 
induced by anormal myeloid cytokine to an 
intermediate stage of differentiation which then 
slows down the growth of the ceils, and others 
could not be induced to differentiate even to this 
intermediate stage. But even these D - ceils can 
be induced to differentiate by other compounds, 
either singly or in combination, that can induce 
the differentiation program by alternative path
ways. The stopping of ceil multiplication by 
inducing differentiation by these alternative 
pathways bypasses the genetic changes that 
inhibit response to the normal differentiation 
inducer (reviewed in [4,5,40]). Studies on the 
genetic changes in D - clones of myeloid leu
kemias have shown that differentiation defec
tiveness may be due to changes in homeobox 
genes. These include re-arrangement of the 
HOX-2-4 homeobox gene which results in abnor
mal expression of this gene in the leukemic ceils 
[47]. This abnormal expression inhibits specific 
pathways of myeloid ceil differentiation [48]. In 
other leukemias with a deletion in one chromo
some 2 [49] there is adeletion of one copy of 
HOX-4.1 [50]. 

Studies with a variety of chemicals other than 
normal hematopoietic cytokines have shown 
that many compounds can induce differentia
tion in D+ clones of myeloid leukemic ceils. 
These include certain steroid hormones, chemi
cals such as cytosine arabinoside, adriamycin, 
methotrexate and other chemicals that are used 
today in cancer chemotherapy, and irradiation. 
At high doses these compounds used in cancer 
chemotherapy and irradiation kill ceils by ind-

ucing programmed ceil death, whereas at low 
doses they can induce differentiation. Not all 
these compounds are equaily active on the same 
leukemic clone [2,51]. A variety of chemicals can 
also induce differentiation in clones that are not 
induced to differentiate by anormal hematopoi
etic cytokine, and in some D - clones induction 
of differentiation requires combined treatment 
with different compounds [51]. In addition to 
certain steroids and chemicals used today in 
chemotherapy and radiation therapy, other 
compounds that can induce differentiation in 
myeloid leukemic ceils include insulin, bacterial 
lipopolysaccharide, certain plant lectins, tumor 
promoting phorbol esters and retinoic acid 
[2>40,51,52]. In addition to the normal myeloid 
cytokines, the steroid hormones, insulin and 
retinoic acid are physiological compounds that 
can induce differentiation. It is possible that ail 
myeloid leukemic ceils no longer susceptible to 
the normal hematopoietic cytokines by them
selves can be induced to differentiate by the 
appropriate combination of compounds. The 
therapeutic potential of this differentiation
directed approach to leukemia treatment has 
already proved useful in acute promyelocytic 
leukemic patients treated with retinoic acid [52]. 

Regulation of Programmed Cell Death 

Normal myeloid precursor ceils depend on 
hematopoietic cytokines for viability, multipli
cation and differentiation (reviewed in 3-5, 31, 
40]). Withdrawal of these cytokines leads to 
death by programmed ceH death [53] (apopto
sis) [54]. AltllOugh viability factors such as the 
CSFs are also growth factors, viability and 
growth are separately regulated (reviewed in 
[31]). Certain myeloid leukemic cells are growth 
factor independent and do not require an exoge
nously added cytokine for ceil viability and 
growth. Induction of differentiation in these 
leukemic ceils with IL-6 induces in the differen
tiating ceils a growth factor dependent state so 
that the ceils lose viability by apoptosis foilow
ing withdrawal of IL-6 [30,38,55-57]. This induc
tion of the program for ceil death occurs before 
terminal differentiation, and the differentiating 
ceils can be rescued from apoptosis and conti
nue to multiply by re-adding IL-6, or by adding 
IL-3, M-CSF, G-CSF, or lL-l [38]. The differenti
ating leukemic ceils can also be rescued from 
apoptosis by the tumor promoting phorbol ester 
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12-0-tetradecanoylphorbol-13-acetate (TPA) but 
not by the non-promoting isomer 4-a-TPA [30]. 
TP A rescued the differentiating cells from apop
tosis by a different pathway than rescue with 
these cytokines. TP A can thus act as a tumor 
promoter by inhibiting programmed cell death 
[30]. The program for cell death is present in 
normal myeloid precursor cells and in more dif
ferentiated cells including mature granulocytes 
and macrophages. Induction of programmed 
cell death in myeloid leukemic cells is a physio
logical process that can be used to suppress leu
kemia. 

Programmed cell death can also be induced 
in myeloid leukemic cells without inducing dif
ferentiation (reviewed in [31]). Wild-type P53 
protein is a product of a tumor suppressor gene 
which is no longer expressed in many types of 
tumors including myeloid leukemias (reviewed 
in [58]). There is a clone of myeloid leukemic 
cells that completely lacks expression of P53 
protein and mRNA [59]. This P53 negative clone 
of myeloid leukemic cells was transfected with 
DNA encoding a temperature sensitive P53 
mutant (Ala to Val change at position 135). The 
Val 135 mutant behaves like other P53 mutants at 
37.5iC but like wild-type P53 at 32.5iC. There was 
no change in the behavior of the transfected 
cells at 37.5iC but activation of the wild-type P53 
protein at 32.5iC resulted in apoptotic cell death. 
This induction of apoptosis was not associated 
with differentiation [59]. Apoptosis can, there
fore, be induced in myeloid leukemic cells not 
only by a differentiation-associated process, but 
also by expression of wild-type P53 (Table 3) in 
undifferentiated leukemic cells. This induction 
of apoptosis by wild-type P53 was inhibited by 
IL-6 [59]. These results show that wild-type P53 
mediated apoptosis in these myeloid leukemic 

Table 3. Control of apoptosis by a tumor suppressor 
gene and oncogenes 

Apoptosis 
Deregula ted 
expression Induction Enhance- Suppres-
of ment sion 

Wild-type P53 + 
c-myc + 
Mutant P53 +* 
bcl-2 + 

*Mutant P53 suppresses the enhancement of apoptosis 
by deregulated c-myc [61]. Other references in [31] 
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cells is a physiological process. Experiments 
with P53 knock-out mice have shown that wild
type P53 is also involved in mediating apoptosis 
in normal myeloid precursors deprived of the 
appropriate cytokine concentration required for 
cell viability [60]. The induction of apoptosis in 
myeloid leukemic cells by various cytotoxic 
agents can be enhanced by deregulated expres
sion of c-myc [61]. The oncogene mutant P53 
[61] and bcl-2 ([62,63] and reviewed in [64]) 
(Table 3) can suppress the enhancing effect on 
cell death of deregulated c-myc, and thus allow 
induction of cell proliferation and inhibition of 
differentiation which are other functions of 
deregulated c-myc. The suppression of cell 
death by mutant PS3 and bcl-2 increases the 
probability of developing tumors. Experiments 
with P53 knock-out mice have also shown that 
there are wild-type P53 dependent and P53 inde
pendent pathways of inducing apoptosis 
[60,65,66]. These and other experiments have 
shown that there are alternative pathways to 
apoptotic cell death [31]. Alternative pathways 
to regulate apoptosis can be useful to control 
selective cell viability. Treatments that down
regulate the expression or activity of mutant P53 
or bcl-2 in tumor cells should be useful for can
cer therapy [31]. Indeed, induction of differenti
ation by IL-6 or G-CSF downregulated bcl-2 
expression and increased the susceptibility of 
the cells to induction of apoptosis [671. 
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C034 and C038 Expression on Blasts in Myelodysplastic Syndromes 
and Secondary AML 

W. Verbeek, C. Ries, D. Grove, M. Unterhalt, W. Hiddemann, and B. Wörmann 

Abstract. The expression of a "stern cell like" 
blast immunophenotype (CD34+/CD38-) has 
been associated with a poor pro gnosis in AML. 
Advanced myelodysplastic syndromes and sec
ondary AML's are another patient population 
with an inferior prognosis. We hypothesized 
that astern cell origin of these dis orders results 
in a higher incidence of a CD34 + ICD38 - blast 
immunophenotype. This could be biologically 
related to a higher chemoresistence. The data 
presented he re shows that a "stern ceIllike" blast 
immunophenotype is rare in RAEB. In addition 
there is no significant difference between prima
ry AML and secondary AML or RAEB-T. 

Introduction 

Pluripotent hematopoietic progenitor cells are 
characterized by the expression of CD34 (Civin 
et al. 1984). Based on the acquisition of further 
antigens such as the lineage non restricted CD38 
and HLA-DR and lineage restricted antigens 
such as CD19, CD33 and CD5, this pool of 
progenitor cells can be divided into further sub
populations. The most immature hematopoietic 
progenitor cell has been characterized as 
CD34+/CD38-/HLA-DR- and has a frequency 
of approximatly 0.01 % in normal bone marrow 
(Huang et al. 1992). Their capacity to differenti
ate into the different hematopoietic ceIllineages 
as weIl as fibroblasts has been elegantly demon
strated by single cell sorting in combination 
with subsequent colony assay (Huang et al. 
1992). CD34 is also expressed in 50-80% of 
the leukemic blasts from patients with newly 

diagnosed acute myeloid leukemia. Expression 
of CD34 has been associated with a higher pro
portion of clonogenicity (Löwenberg et al. 1985). 
In a study on 235 patients with newly diagnosed 
acute myeloid leukemia we have recently de
monstrated that the early differentiation path
way of pluripotent progenitor cells is weIl 
conserved on myeloid leukemic blasts 
(Terstappen et al. 1992). About 1/3 of AML 
sampIes expressed the "stern cell like" immun
ophenotype of CD34+/CD38-/HLA-DR-. The 
subgroup had an inferior prognosis with a lower 
remission rate and shorter remission duration 
than patients with a more mature immunophe
notype (Wörmann et al. 1993). In this study we 
have analyzed the immunophenotype of 
leukemic blasts in patients with advanced stages 
of myelodysplastic syndromes (MDS) and sec
ondary AML. In MDS multilineage involvement 
of hematopoiesis has been demonstrated by the 
detection of cytogenetic changes in different lin
eages, which is in good agreement with the 
hematological picture (Nylund et al. 1994). We 
hypothesize that the frequency of CD34 + / 
CD38 - bl asts is higher in patients with MDS 
and secondary AML than in primary AML. This 
"stern cell like" immunophenotype might also 
explain the higher degree of chemoresistance in 
these entities. 

Patients, Material and Methods 

Diagnosis. Diagnosis of MDS and classification 
was performed according to the morphological 
criteria defined by the F AB group (Bennett et al. 

Department of Hematology and Oncology, University of Göttingen, Göttingen, Germany 



1982). Secondary leukemia was defined by a pre
vious history of myelodysplasia or another form 
of antecedent hematological dis order for at least 
6 months or previous chemo- or radiotherapy. 

Cell preparation. Nucleated ceIls were isolated 
from bone marrow sampIes by NH4Cl erythro
cyte lysis. 2 x 105 - 1 x 106 ceIls were stained 
with 15 /-il of CD34 FITC conjugated mono clon
al antibody (Becton Dickinson, San Jose, 
California, USA) and a Phycoerythrin conjugat
ed anti CD38 antibody (BDIS) and a PerCP con
jugated anti HLA-DR antibody (BDS) for 15-30 
minutes on ice. Unspecific binding was removed 
by two 3-minute washes with Phosphate Buf
fered Saling (PBS). 

Data acquisition and analysis. Dual (FITC and PE) or 
three color immunofluorescence was quantitat
ed in a BD FACS can equipped with an argon 
laser. Antibody conjugates of the same murine 
isotypes specificity were used as negative con
trols. For each sampIe 10-20.000 events were 
recorded. Data were stored in list mode and 
analyzed with the BD Lysis, consort 30 software 
and the Paint a gate program. Immunofluo
rescence was analyzed within the characteristic 
light scatter gate region for blast ceIl morpholo-
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CD 34 ANTIGEN EXPRESSION 

gy. Four populations of ceIls were distinguished 
based on differential expression of CD34 and 
CD38 as previously described (Terstappen et al. 
1992). 

Definition of CD34 subpopulations. Population 
includes the most immature ceIls with high 
CD34 expression and lack of CD38 ("stern ceIl 
like" immunophenotype). CeIls in population III 
are characterized by co expression of CD34 and 
CD38, population II has an intermediate expres
sion of CD38. Population IV is charaterized by a 
negativity for CD34 and expression of CD38. The 
number of ceIls in each population was deter
mined as percentage of aIl ceIls within the blast 
gate. Five novel bone marrows were analyzed as 
controls for the MDS sampIes. 

Results 

CD34/CD38 antigen expression of the blast pop
ulations of 10 RAEB, 8 RAEB-T and 49 sAML 
patients were investigated by dual colour 
immunophenotyping. 

In RAEB blast populations were characterised 
by a relatively mature CD34 positive/ CD38 posi
tive immunophenotype (population III and IV). 

Fig.l 



Only in one out of 10 cases the CD34 + ICD38 -
population was significantly increased when 
compared to normal controls. This case showed 
a clearly separated population of stern cell like 
blasts. In RAEB-T an expansion of population I 
was demonstrated in 3 out of 8 cases. In AML 
secondary to myelodysplasia 20 of 49 patients 
showed a significant percentage of stern celllike 
blasts. Immature blasts in RAEB-T and s-AML 
showed a continuous acquisition of the CD38 
antigen. However, the relative distribution of 
blasts in the different steps of maturation dif
fered considerably. The broad variations be
tween cases were similar to primary AMi. 

In one patient with RAEB we repeated 
immunophenotyping after one year without 
clinical progression. The individual immuno
phenotype remained stable over this time peri
od. Another case progressing from RAEB to 
sAML developed a new stern celllike blast popu
lation at the time of transformation. Statistical 
evaluation demonstrated a tendency towards an 
increased number of stern celllike blasts in the 
blast populations of secondary AML compared 
to RAEB. In addition we compared the in ci
dence of stern celllike blasts between the group 
of secondary AML's analyzed in this study and a 
large population of 178 de novo AML's investi
gated previously. The incidence was 41% and 
36% respectively. This marginal difference did 
not reach a statistical significance (p = 0,6476). 

Conclusions 

The main populations of blasts accumulating in 
RAEB does not exhibit astern celllike immuno
phenotype (CD34 + ICD38 - ). This finding is in 
accordance to data by Oertel et al. who investi
gated CD34 expression in RAEB by immunohis
tochemistry. The stern cell origin of RAEB is not 
refiected by the phenotype of the mayor blast 
population. Cells with blast morphology are 
most likely derived from a CD 34+ ICD38 -
progenitor cell which retained the capacity for 
limited phenotypic maturation. A tendency to
wards a higher frequency of immature blast 
populations in the group of sAML compared to 
RAEB may be explained by the expansion of an 
immature clone at the time of transformation. 
This event could be demonstrated in one case. 
Patient 10, the only RAEB case with aseparated 

CD 34 + ICD38 - blast population received 
intensive chemotherapy after progression to 
sAMi. At the time of immunophenotyping his 
bone marrow was again classified as RAEB. The 
separated PI blasts could belong to residual 
sAML blast population incompletely eliminated 
by chemotherapy. Concerning the incidence of 
CD34 + ICD38 - blast populations no difference 
has been found between primary and secondary 
AMi. The poor prognosis of AML following 
MDS is not related to the immaturity of its 
mayor blast population. 
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Heterogeneity of HRX-FEL Fusion Transeripts in Adult and Pediatric 
t(4;11) ALL 
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Abstract. The t(4;1l) is the cytogenetic hallmark 
of a subgroup of pre-pre-B-ALL characterized 
by coexpression of myeloid differentiation anti
gens, a high prevalence in infants and an inci
dence of 5-7% in children and adults. Prognosis 
is very poor in infants, and may be somewhat 
better in children and adults. The molecular 
correlate of t(4;1l) is a fusion gene composed of 
HRX (ALL-I, MLL) on llq23 and FEL (AF-4) on 
4q21. HRX shows homology to Drosophila 
trithorax, and to murine ALL-I and most likely 
represents a DNA-binding transactivating factor 
of unknown function in human hematopoiesis 
and/or embryogenesis. Replacement of 3' zinc 
finger domains of HRX by 3' pro tein domains of 
the FEL fusion partner may alter protein-DNA 
interaction specificity and thereby confer trans
forming potential to HRX fusion proteins. The 
aims of the study were i) to analyze the inci
den ce of HRX-FEL fusion genes in adult pre
pre-B-ALL coexpressing CDI5 and/or CDw65 by 
RT -pcr. ii) to characterize HRX-FEL fusion 
genes by sequence determination in different 
age groups. Twenty-three pre-pre-B-ALL (7 
infants, 14 adults and two celllines) were select
ed either based on cytogenetic demonstration of 
t(4;1l) (n=I2, group A) or on a CD15/CDw65+ 
pre-pre-B-ALL phenotype, highly suggestive of a 
t(4;1l) (n = 10, group B). HRX-FEL-fusion gene 
transcripts were detected in 13 of 13 pre-pre-B-

ALL in group A and in 9 of 10 adult pre-pre-B
ALL in group B. More than one HRX-FEL-fusion 
gene amplification product was detected in 4 of 
22 pre-pre-B-ALL, suggesting differential splic
ing of fusion genes. All 16 HRX-FEL positive 
sampies coexpressed CDw65, while only 12 of 15 
coexpressed CDI5. The most common fusion 
genes join HRX exons 6 (4 adults) or 7 (6 adults, 
3 infants) to FEL exon "a". The third fusion 
product represents a join between HRX exon 6 
and FELnt 1458 (3 adults, 1 infant). Additional 
types of fusion genes with breakpoints more 3' 
on FEL and/or more 5' of exon 6 on HRX are 
suspected in 2 infants and 2 adults. In conclu
sion, i) HRX-FEL fusion transcripts may be 
detected in the vast majority of immunopheno
typically suspected t(4;1l). Coexpression of 
CDw65 may show a better correlation with t(4;1l) 
than CDI5. ii) HRX-FEL fusion genes are hetero
geneous, and there is a tendency for a lower inci
den ce ofHRX exon 6 fusions in infants. Whether 
these differences will hold true and correlate 
with prognosis will have to be studied in a larger 
number of patients in a prospective study. 

Introduction 

Acute leukemias represent clonal expansions of 
malignant transformed lymphohematopoietic 
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precursor ceIls. A variety of genetic alterations 
resulting in a malignant phenotype have been 
identified. In acuteleukemias, "master genes" 
which physiologically playa role in differentia
tion and presumably lineage commitment have 
been implicated in leukemia associated chromo
somal translocations [1]. A new such candidate 
gene, HRX (ALL-I, MLL), is located on chromo
some 11q23 [2,3,4] and forms fusion genes with 
a number of genes located most frequently on 
chromosomes 4, 6, 9, and 19 [5]. HRX is homol
ogous to Drosophila trithorax, involved in 
Drosophila morphogenesis, and homologous to 
murine ALL-I which may be associated with 
murine skeletal malformation [6]. Based on the 
pro tein structure of HRX (AT-hooks, zinc fin
gers, prolin-rich domain) it most likely repre
sents a DNA-binding transactivating factor. 
However its function in human hematopoiesis is 
uneIear. 

Replacement of 3' zinc finger domains of 
HRX by 3' protein domains of the respective 
fusion partner may alter protein-DNA interac
tion specificity and thereby confer transforming 
potential to HRX fusion proteins. HRX fusion 
proteins are associated with ANLL (M5) [5], and 
pre-pre-B-ALL with coexpression of myeloid 
differentiation antigens. CDI5 and CDw65 [7,8] 
are frequently associated with a t(4;11) (q2I;q23) 
and formation of a HRX-FEL fusion gene prod
uct. This leukemia may constitutes up to 50% of 
infant and 5-7'Yo of childhood and adult ALL [5]. 
Prognosis in infants is dis mal with chemothera
pyalone [9,10,11], and it may be somewhat bet
ter in children and adults. The presence of a 
t(4;11) is a stratification criterion in most adult 
and childhood ALL protocols for intensive ther
apeutic approaches. 

In order to learn more about genetic alter
ations of the HRX gene in ALL, a total of 23 (16 
adult, 7 infant) pre-pre-B-ALL, selected either 
by cytogenetic demonstration of t(4;11) or by a 
CDI5/CDw65+pre-pre-B-ALL phenotype, highly 
suggestive of a t(4;11), were studied by RT-pcr 
for the presence of a HRX-FEL fusion transcript 
and sequences of HRX-FEL fusion genes were 
analyzed. 

Material and Methods 

Patients and cel/fines. Five adult pre-pre-B-ALL, 6 
infant pre-pre-B-ALL and two cell lines 
(RS 4;11, MV 4;11, the latter kindly provided by 

16 

Dr. John H. Kersey, University of Minnesota) 
had a cytogenetically proven t(4;11) (q21;q23). 
Pre-pre-B-ALL was defined by a CDlO-, CDI9+, 
CD20±, CD22±, CD24-, CD34±, CD38+ 
phenotype. 

Nine adult pre-pre-B-ALL and 1 infant ALL 
were selected solely because of coexpression of 
CDI5 and/or CDw65, but t(4;11) had not been 
demonstrated by karyotype in these cases (see 
Table 1). 

RNA-extractian and RT-pcr. mRNA was extracted 
using a cellulose based RNA-extraction-kit (Fast 
Track and Micro Fast-Track, Invitrogen, San 
Diego, CA). First strand cD NA synthesis was 
performed with an AMV-based reverse tran
scription kit (cDNA cyeIe kit, Invitrogen, San 
Diego, CA) according to the manufacturer's 
instructions by random priming. Primers used 
for amplification of HRX-FEL-fusion genes were 
primer 1 (HRX 5'): GAA AGCCCG TCG AGG 
AAA AGA, primer 2 (FEL 3'): TGC TTT CTG 
ACT CTG CACTGC, primer 3 (HRX 5'5'): GAG 
AAA ATG TCA GAA TCT ACA ATG, prim er 
4(FEL 3'3'): CGC TGC TGC CCT TAC TCT CT. 
PCR was performed for 30 cyeIes at a stringent 
annealing temperature of 63 oe. "Nested" pcr 
was performed with primers 5 and 6; primer 5 
(ALL-I 5'5'): ATC AGG TCCAGA GCA GAG C; 
primer 6 (AF-4 3'): GGG AAA GGA AAC TTG 
GAT GG. Pcr was performed for 25 cycles at a 
stringent annealing temperature of 58°C. As a 
positive control for the quality of mRNA, ß
actin RT -pcr was performed for 25 cyeIes at a 
stringent annealing temperature of 58°C using 
primer ß-actin 5': ACT CCA TGC CCA GGA 
AGG A, and primer ß-actin 3': GAC CCA GAT 
CAT GTT TGA GA. 

Sequence analysis. Primary amplification products 
- generated with primers 1 and 2 - were asym
metrically amplified and sequenced using 
primers 5 and 6 with a T7-polymerase based 
sequencing kit (Sequenase 2.0, USB, Cleveland, 
OH) or alternatively were sequenced on an auto
mated sequencer (ABI) by cyeIe sequencing. 

Immunophenatyping. Three color immunopheno
typing was performed on a FACScan using 
FITC-conjugated anti-CDw65 monoclonal anti
body (BMA02IO-FITC,Behring, Marburg, FRG) 
and FITC-conjugated anti-CDI5 monoeIonalan
tibody (Leu-MI-FITC, Becton and Dickinson, 
San JosaDa, CA) in combination with PE-conju-



Table I. List of patients. All patients were ß-aetin positive. nd: not done 

% % HPXI 
Pt# Phenotype CDI5+ CDw65 + Karyotype FEL 

Adult pre-pre-B-ALL with eytogenetic deteetion of t(4;11) 

14 prepreB 10 49 46, XY[6]/46, XY, t(4;11)(q21;q23) [16] pos 
20 prepreB 89 45 46, XX, t(4;11) (q21;q23) [2] pos 
27 prepreB 10 45 46, XY[I]/46, XY, t(4;11) (q21;q23) [15] pos 
32 prepreB 57 77 46, XY [9]/46, XY, t(4;11) (q21;q23) [5] pos 

33 prepreB 43 61 46, XY, t(4;11) (q21;q23) [13] pos 
MV 4;11 prepreB nd nd Chen et al. Blood 1993 pos 
RS 4;11 prepreB nd nd Stong et al. Blood 1985 pos 

Infant pre-pre-B-ALL with eytogenetic deteetion of t(4;11) 

17 prepreB 31 50 46, XX, t(4;11) (q21;q23) [5] pos 
29 prepreB 39 49 46, XX, t(4;11) (q21;q23) [3] pos 
31 prepreB 19 75 46, XX, t(4;11) (q21;q23), i(7qlO), pos 

dei (11) (q23) [5] 
1.1 prepreB 30 nd 46, XX, t(4;11) (q21;q23) pos 
1.2 prepreB 33 nd 46, XX, t(4;11) (q21;q23) pos 

1·3 prepreB 66 nd 46, XX, t(4;11)(q21;q23) pos 

Adult pre-pre-B-ALL without cytogenetic deteetion of t(4;11) 

prepreB 59 30 46,XY [33] pos 

7 prepreB 5 15 46,XX [6] pos 
8 prepreB 90 83 46,XY [14] pos 
10 prepreB nd 55 46, XX [18]/47, XX +C [2] pos 
12 prepreB 52 8 46, XY [13]/52-55, XY, +X, dUp(l) pos 

(q32Q21), +4, +6, +8, +10, -13, +14, 
+15, +21, +mar [30] 

18 prepreB 84 89 46, XX [14] pos 
22 prepreB 58 52 nd pos 
24 prepreB 17 30 nd pos 
28 prepreB 28 15 nd pos 

Infant pre-pre-B-ALL without eytogenetie deteetion of t(4;11) 

1.4 prepreB 45 15 

gated anti-CDl9 and PerCP eonjugated anti
CD20 monoclonal antibodies. 

Results and Discussion 

HRX-FEL-fusion gene transcripts were detected 
by RT-pcr in all (13 of 13) pre-pre-B-ALL with 
cytogenetically proven t(4;n). Thus, with our 
selection of primers, all HRX-FEL fusion sites 
are readily detectable with a single step RT-pcr 
without the necessity to perform a "nested" pcr. 

HRX-FEL-fusion gene transcripts were detect
ed in 9 of 10 (89%) adult pre-pre-B-ALL without 
cytogenetic demonstration of t(4;11). One pre
pre-B-ALL (pt #12), coexpressing CDI5, but not 
CDw65, was negative. These results are consider
ably higher than those of other groups, indicat
ing that in the order of 30% nq23 abnormalities 
will be detected by molecular genetic approaches 

nd pos 

which are missed by conventional cytogenetics 
[9,12]. The discrepancy is most likely due to a 
highly selected population of immunologically 
characterized pre-pre-B-ALL, as well as differ
ences in the quality of cytogenetic analysis, as 
concordance rates between karyotype and mole
cular analysis varied considerably between cyto
genetic reference laboratories. 

Table 2. Summary or results of eytogenetie demon
stration of t(4;11) and deteetion of HRX-FEL fusion 
transeripts by RT -per. *2 patients with ~ 20,2 with 
10-19,1 with ~ 10 metaphases, 3 patients no karyotype 
done, 1 patient not available 

HRX-FEL+ HRX-FEL- n 

t(4;11)+ 13 0 13 
t(4;11) - 9* 10 

n 22 23 

17 



Table 3. Association of CDw6S (A) and CDlS (B) coex
pression with presence of t(4;11). pre-pre-B-ALL were 
scored positive, if> 10% of leukemic blasts expressed 
the respective differentiation antigen by three color 
immunophenotyping 

A HRX-FEL+ HRX-FEL- n 

CDw6S+ 17 o 17 

CDw6S- 0 

n 17 18 

B HRX-FEL+ HRX-FEL- n 

CDlS+ 16 1 17 

CDlS- 3 o 3 

n 19 20 

CDw65 coexpression showed a better correla
tion with t(4;11)IHRX-FEL fusion gene than 
CD15 coexpression. This was also true for those 
pre-pre-B-ALL which were selected based on 
presence of t(4;11) by cytogenetics, irrespective 
of their phenotype. These results may warrant 
inclusion of CDw65 rather than CD15 for the 
selection of pre-pre-B-ALL for routine screening 
of t(4;11)IHRX-FEL fusion transcripts. 

More than one HRX-FEL-fusion amplifica
tion product was detected in 4 of 22 pre-pre-B
ALL, suggesting differential splicing of fusion 
genes as t(4;11) was cytogenetically demonstrat
ed only on one allele in all cases in which cyto
genetic analysis was available. Furthermore, 

Table 4. Sequences of HRX-FEL fusion genes. Assignment of nucleotides to the HRX and FEL 
genes was based on the published intron/exonboundaries, FEL exons "a" and "b" according to 
Downing et al. Blood 1994. The numbering of nucleotides is according to Morrisey et al., Blood, 
1993, and Tkachuk et al. Ce1l1992. *samples with ;, 2 fusion transcripts 

PtUO, #24, 127, 132 
EXOD 6 EXOD 7 

HRX-Germ1ine AAAACCAAAAGAAAAG GAAAAACCACCT ••• 

FUSION GENE AAAACCAAAAGAAAAG CAGACCTACTCCAATGAAGTCC 

FEL Genaline CAGACCTACTCCAATGAAGTCC 

FBL(ezoD Ha") D~:1413 

MV 4;11, PUl, #20 
EXOD 6 EXOD 7 

HRX-Germ1ine AAAACCAAAAGAAAAG GAAAAACCACCT ••• 

FUSION GENE AAAACCAAAAGAAAAG GAAATGACCCATTCATG 

FEL Germline TCGAAGGAAATGACCCATTCATG 

FBL (e%OD "b") D~:1458 

RS 4;11, Pt's #8, '14, #22, #28, #33,#1.2*, #1.4* 
EXOD 7 EXOD 8 

HRX-Germ1ine ATCAGAGTGGACTTTAAG GAGGATTGTGAA ••• 

FUSION GENE ATCAGAGTGGACTTTAAG ACCTACTCCAATGAAGTCC 

FEL Genaline CAGACCTACTCCAATGAAGTCC 

FBL(e%OD"a") Dt:1416 

RS 4;11, #17* , '1.2*, '1.3*,#1.4* 
EXOD 7 EXOD 8 

HRX-Germline ATCAGAGTGGACTTTAAG GAGGATTGTGAA ••• 

FUSION GENE ATCAGAGTGGACTTTAAG CAGACCTACTCCAATGAAGTCC 

FEL Germline CAGACCTACTCCAATGAAGTCC 

FBL(e%OD"a") Dt:1413 

Pt#17*, #1.2* 
EXOD 8 EXOD 9 

HRX-Germ1ine AGTGGGCATGTAGAG GTTTGTGTATTG ••• 

FUSION GENE AGTGGGCATGTAGAG CAGACCTACTCCAATGAAGTCC 

FEL Germline CAGACCTACTCCAATGAAGTCC 
FBL(e%OD Ha") D~:1413 

18 



both splice variants of PEL exon "a" [13] were 
demonstrated by sequence analysis in 2 infants 
(1.2 and 1.4) as weH as in the ceHline RS4;11 (see 
Table 4), which were not separated on agarose 
or PAGE gel electrophoresis. Pive different 
fusion gene products were identified with three 

breakpoints on PEL and two on HRX . The most 
common fusion genes join HRX exons 6 or 7 
with the two splice variants of PEL exon "a", 
demonstrated in 17 of 22 sequenced fusion prod
ucts. The fourth fusion product represents a join 
between HRX exon 6 and PEL exon "b", 

Germline Configuration 

<CI .. ... .. c:; '" 0 '" '" Ci: 
.., ... .... ... 

~ ~ -- -
HRX 

~: ~ ...... .... 

FEL 

~~ ,... ., ('1,1 .. 

~22~~ ~ 

HRX-FEL Fusion Transeripts 

RS 4;11 , 18,114,117,122, 
128, 133, 11 .2, 11.4 

RS 4;11.11.2,11.3, ".4 

117,11.2 

MV, I ', 120 

1e6le?'~ 

.. '" ...... "' ... ... ... 

le6le7JnnwbZ~ 

... '" "' ... 
~ ... 

le6le? •• ;;J::C~ 

:s ::! 

~ 
====:=~====I::e6::ICQbD~ 

110,127, 132, 124 

Fig.l. Schematic representation of heterogeneous fusion transeripts in pre-pre- B-ALL. e = exon. Exon assign
ment as in Table 4 
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Table 5. HRX (A) and FEL (B) exon assignment as in 
Table 4 

A e6 e7 e8 n 

infant 0 4 2 6 
adult 7 6 0 13 

n 7 10 2 19 

B a b c n 

infant 6 0 0 6 
adult 10 3 0 13 

n 16 3 0 19 

Table 6. HRX (A) and FEL (B) exon assignment as in 
Table 4. Data are from Borkhardt et al. Leukemia 1994, 
Griesinger et al. Leukemia 1994, and this poster, 
Biondi et al. Blood 1993, Morrisey et al. Blood 1993, 
Hilden et al. Cancer Res 1993, Cotter et al. PNAS 1993 

A e6 e7 e8 n 

infant 7(23%) 11(37%) 12(40%) 30 
pediatric 1 3 1 5 
adult 11(52%) 10(48%) 0 21 

n 19 24 11 55 

B a b c n 

infant 25(83%) 5(17%) 0 30 
pediatric 5(100%) 0 0 5 
adult 16(76.5%) 2(9.5%) 3(14%) 21 

n 45 7 3 55 

observed in 3 sam pies, the fifth fusion product 
between exon 8 and FEL exon"a" shown in 2 
infant pre-pre-B-ALL. These results are consis
tent with published results in infant and adults 
pre-pre-B-ALL. 

Interestingly, only one or the other splice 
variant of FEL exon "a" has been published to 
form the fusion gene in RS4;11 [13,14], while we 
have observed both splice variants in our ceH 
line sampie. It is not known, whether both splice 
variants are transcribed in the same ceH, or 
whether individual ceHs transcribe only one or 
the other. 

Based on the sizes of primary amplification 
products of sampies #7, #18, #29 and #31 addi
tional types of fusion genes with breakpoints 
more 3' on FEL and/or more 5' of exon 5 on 
HRX may be suspected. 

With a low number of fusion genes studied, 
there seems to be a lower incidence of usage of 

20 

exon 7 in infants. In our smaH series, none ofthe 
infants had a HRX exon 6 fusion gene product, 
while 7 of 13 fusion genes in adult pre-pre-B
ALL "used" this exon. A review of the literature 
listing all published and sequenced HRX-FEL 
fusion genes also shows a lower incidence of 
HRX exon 6 as being the fusion site in infants as 
compared to both adults and childhood pre-pre
B-ALL [15-20]. 

It is tempting to speculate that differences of 
fusion genes are associated with a different 
prognosis in infants and adults. However, defin
itive proof will await a prospective study with a 
homogeneously treated patient population. 
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Abstract. Based on pharmacologic, clinical, and 
biochemical investigations, fludarabine and ara
binosyicytosine (ara-C) were combined to treat 
patients with acute myelogenous leukemia. 
Fludarabine's effect in this combination therapy 
was multifaceted, both on the pharmacokinetics 
and pharmacodynamics of ara-C triphosphate 
(ara-CTP) in the circulating leukemia ceils. 
Pharmacokinetically, fludarabine infusion in
creased the rate of ara-CTP accumulation by a 
median of two-fold (P = 0.001), hence enhancing 
ara-CTP peak levels and the area under the con
centration times time curve of ara-CTP during 
therapy. In addition, fludarabine infusion added 
fludarabine triphosphate (F-ara-ATP), a new 
cytotoxic metabolite, to the leukemia ceils 
(peak, 38 % 16 /-lM). Pharmacodynamically, flu
darabine affected DNA synthesis by perturbing 
deoxynucleotide pools and incorporating F-ara
ATP into the growing DNA chain. The limited 
data available on the deoxynucleotide pools 
after fludarabine infusion suggested a decrease 
in the dATP pool in the circulating blasts. Fi
nally, an in vitro model system which used 
primer extension as an assay for DNA synthesis 
suggested that both ara-CTP and F-ara-ATP are 
recognized as substrates by polymerase a. DNA 
polymerase a was able to incorporate these 
analogs consecutively on the extending primer. 
When present together during DNA synthesis, 
these analogs, resulted in synergistic (at low 
concentrations) or additive (above the 10 /-lM 
level of each analog) inhibition of DNA primer 
elongation. These studies demonstrated that the 
effects of fludarabine are multifaceted on both 

the pharmacokinetic and pharmacodynamic 
aspects of the drugs actions. 

Fludarabine was used in combination with 
arabinosyicytosine (ara-C) to treat patients with 
acute myelogenous leukemia (AML). The ratio
nales for this combination therapy were ob
tained from several different studies. Clinical 
and pharmacological results obtained in pa
tients who received ara-C as a major therapeutic 
agent demonstrated that the pharmacokinetics 
of ara-C triphosphate (ara-CTP) in leukemia 
blasts are directly related to response to ara-C 
therapy [1-3] and that the dose rate of 0.5 
g/m2/h (intermediate dose) of ara-C saturates 
the ability of leukemia cells to accumulate ara
CTP [4-6]. Our previous biochemical experi
ence with the combination of fludarabine and 
ara-C in K562 human leukemia ceils [7] and in 
leukemic lymphocytes in vitro and ex vivo [8] 
provided a compelling rationale for combining 
fludarabine with ara-C because fludarabine as 
its triphosphate (F-ara-ATP) potentiated the 
rate of ara-CTP accumulation. Hence, the area 
under concentration times time curve (AUC) of 
ara-CTP could be enhanced in leukemia cells by 
infusing intermediate dose ara-C in combina
tion with fludarabine. This postulate was tested 
and confirmed in several clinical studies in 
which these two agents were combined to treat 
patients with chronic lymphocytic leukemia 
[9,10], acute lymphocytic leukemia [n], and 
acute myelogenous leukemia [12-14]. In this 
present paper we review these data in the circu
lating blasts from patients with AML and focus 
on the multifaceted influence of fludarabine on 
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the pharmacokineties of ara-CTP and pharma- Table 1. Effect of fludarabine on plasma pharmacoki-
codynamies of this combination. netics 

Pharmacokinetic Modulation 

All pharmacologie studies were done with 
patients who had relapsed AML and had given 
their informed consent to receive this combina
tion therapy. Patients received a dose of 1.0 g/m2 

of ara-C infused over 2 h. Twenty hiater, a 30-
min infusion of fludarabine (30 mg/m2 ), and 4 h 
later (24 h after the start of first ara-C dose) a 
second and identieal dose of ara-C were infused. 
On each subsequent day, patients were infused 
with one dose of fludarabine and one dose of 
ara-C for the 6-day course of therapy. Pharma
cokinetie studies were done during the first two 
days of therapy when ara-C was given alone or 4 
h after fludarabine (designated as ara-C alone or 
fludarabine + ara-C, respectively), to permit 
comparison of the ara-CTP accumulation rates 
in the same patient. For pharmacokinetie inves
tigations, four patients were studied on this 
combination protocol. The first patient was 
studied twice, and was designated as patient 1 
during the first course and as patient 5 during 
his second course of therapy. Patient character
isties and their clinieal response to these treat
ments have been published [15]. 

Plasma Pharmacology and Effect 
of Fludarabine 

The ara-C dose (intermediate dose) rate (0.5 
g/m2/h) was chosen as one that would produce 
plasma ara-C concentrations at 10 f..lM or above, 
a level that would maximize the rate of ara-CTP 
accumulation in leukemia blasts. This dose rate 
gives values for ara-CTP AUC equal to those of 
high-dose ara-C rates (3 g/m2 over 1-3 h) [4,5] 
which result in equal response rates, yet has less 
toxicity [6,16]. When ara-C was infused alone or 
4 h after fludarabine, plasma ara-C levels were 
generally 10 f..lM or above (Table 1). Comparison 
of plasma levels at 1 and 2 h of both ara-C 
and its deaminated metabolite arabinosyluracil 
(ara U) demonstrated that mean values were 
similar when ara-C was given alone or 4 h after 
fludarabine (Table 1). These studies suggested 
that fludarabine infusion does not affect the 
plasma pharmacokineties of ara-C or its deami
nation to ara-U. 

26 

--------------------------------
Mean concentration ± SD, ~M 

Nucleoside ara-C alone fludarabine P 
+ara-C* 

ara-C, 1 h 18 ±12 20±7 0·925 
ara-C, 2 h 23±8 26±9 0·441 
ara-V,lh 51±15 55±23 0·497 
ara-V, 2 h 130 ±36 112± 43 0.238 

*ara-C infusion 4 h after fludarabine infusion 
Ara-C and ara-V levels were determined at the indi
cated times in plasma by reverse-phase high-pressure 
liquid chromatography. Data are presented as mean% 
SD of values obtained from 5 individuals. P values 
were obtained by comparing values from each patient 
with or without fludarabine by paired two-tailed t test 

Cellular Pharmacology and Effect 
of Fludarabine 

The accumulation of ara-CTP was generally lin
ear up to 3 h after the beginning of the ara-C 
infusion. Thereafter, ara-CTP was eliminated in 
a monophasie pattern. Using a pharmacokinetie 
approach, we characterized the action of flu
darabine on ara-CTP concentrations by compar
ing the peak cellular ara-CTP, the intracellular 
AUC of ara-CTP, and the rates of ara-CTP accu
mulation and elimination during and after each 
ara-C infusion in five patients. The peak ara
CTP during the first dose ranged from 332 to 939 
f..lM, whereas during the second dose of ara-C 
peaks were higher, ranging from 625 f..lM to 1386 
f..lM. The peak ara-CTP concentration was ele
vated by a median of 1.7-fold after fludarabine 
infusion (P = < 0.001, Table 2). AUC values for 
ara-CTP accumulation and elimination during 
the first dose varied among patients between 
1560 f..lM-h and 6930 f..lM-h. Similarly, during the 
second dose, the AUC of ara-CTP was heteroge
neous among patients. Comparison of the ara
CTP AUC during the first and second doses of 
ara-C (Table 2) indieated a significant 1.9-fold 
increase during the second dose. Because the 
AUC is a sum of accumulation and elimination 
rates of ara-CTP, we determined whether the 
increased intracellular exposure to ara-CTP 
resulted from a decrease in the rate of ara-CTP 
elimination by comparing the half-time (e I2 ) of 
ara-CTP retention before and after fludarabine 
infusion (Table 2). These values ranged from 1.8 
to 4.0 h among the 5 patients during the first 



Table 2. Effect of fludarabine on cellular pharmacokinetics 

Mean values ± SD 

ara-C alone fludarabine+ara-C* Ratio# P 

Peak ara-CTP, IlM 
AUC ara-CTP, IlM-h 
ara -CTP elimination 

568±224 
3284±2162 

2.8 ± 1.0 

965 ± 281 
5736 ±3023 

3·0±0.9 

1.7 <0.001 
1.9 0.004 
1.1 0.426 

rate, tll2 h 
ara-CTP accumulation 

rate IlM/h 
230±62 2.0 0.001 

Peak F-ara-ATP, IlM 38 ±16 

*ara-C infusion 4 h after fludarabine infusion 
#mean fludarabine+ara-C values 
mean ara-C alone values 
Intracellular levels of ara-CTP were determined in circulating AML blasts by highpres
sure liquid chromatography. Data are presented as mean % SD of values obtained from 
5 individuals. P values were obtained by comparing values from each patient with or 
without fludarabine by paired two-tailed t test 

course of ara-C and from 2.0 to 4.3 h during the 
second course (Table 2), with a ratio of 1.1, indi
cating that fludarabine infusion did not affect 
the rate of ara-CTP elimination (P = 0.426). The 
last parameter, the rates of ara-CTP accumula
tion before and after fludarabine infusion (Table 
2) demonstrated a significant increase during 
the second ara-C infusion (P = 0.001). The me an 
increase following fludarabine infusion was two
fold. Taken together, these results demonstrated 
that the increase in ara-CTP AUC was caused by 
a higher rate of anabolism of ara-C rather than 
by a slower rate of catabolism of ara-CTP. 
Finally, combining fludarabine with ara-C 
added a new cytotoxic metabolite, F-ara-ATP. 
The F-ara-ATP peak occurred 4 h after the start 
of fludarabine infusion (24 h after the start of 
therapy). The mean F-ara-ATP peak level was 38 
J..lM, with a range among these patients between 
20 and 60 J..lM. Even the lowest peak level was 
sufficient to modulate ara-C, which was infused 
at this time. Unlike ara-CTP, F-ara-ATP was 
eliminated at a slower rate (t'/2, 5-10 h). With 
these pharmacological characteristics, leukemia 
cells retain both ara-CTP and F-ara-ATP for a 
long time after infusion of each drug to affect 
cytotoxicity. 

Pharmacodynamic Modulation 

Effect of fludarabine on deoxynudeotides. Because F
ara-ATP inhibits ribonucleotide reductase 
[17-19], the sole enzyme responsible for the de 

novo pathway for maintaining deoxynucleotides 
[20], the deoxynucleotide (dNTP) pools are 
expected to be affected by fludarabine infusion 
[7]. Furthermore, leukemia blasts accumulated 
F-ara-ATP to levels (15-60 J..lM) sufficient to 
inhibit this important enzyme: lC5D = 1 J..lM for 
ADP reduction and lC5D = 9 J..lM for CDP re duc
tion [17]. To compare the effect of fludarabine 
infusion on the dNTP pool in circulating 
leukemia blasts before and after fludarabine 
infusion, the blasts were isolated before therapy 
and 4 h after fludarabine infusion. Nucleotides 
were extracted by methanol, and dNTPs were 
quantitated as described [21]. The data from 
three patients (Table 3) indicated that the dATP 

Table 3. Effect of fludarabine on deoxynucleotide 
pools 

Deoxynucleotides, IlM 

Patient Time dATP dCTP dGTP dTTP 

#before 9·6 5·5 2·4 1.6 
#after 5·2 4·2 3·7 5·7 

2 before 12·4 ND* 12.2 2·4 
after 9·9 1.6 2·9 3.2 
before 7·3 2.8 10-4 4·0 
after 5.1 3·3 1.4 5·5 

* Below limit of detection 
# Before, before fludarabine infusion; after, 4 h after 
fludarabine infusion 
Leukemia blasts were isolated from peripheral blood 
obtained from patients before and 4 h after fludara
bine infusion. Intracellular levels of dNTP were mea
sured as described in the text 
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pool was consistently lowered after fludarabine 
infusion. This is in keeping with the data from 
K562 cells [7] and the fact that the IC50 for ADP 
reduction was quite low [17]. There was minimal 
or no effect on dCTP and dGTP pools, and the 
dTTP pool was increased. 

The effect on dNTPs result in a two-pronged 
potentiation. First, because the activity of de
oxycytidine kinase is regulated by deoxynu
cleotides, lowering of dNTPs activates this 
enzyme [7]. Ara-C is phosphorylated by deoxy
cytidine kinase and this potentiates ara-CTP 
accumulation. The second action is targeted 
toward DNA synthesis. F-ara-ATP competes 
with dATP, and ara-CTP competes with dCTP 
for incorporation into DNA. The lowered dNTP 
pool enhances incorporation of ara-nucleotides 
[22-24]. 

Effect of f1udarabine on DNA synthesis. The principal 
mechanism by which these analog triphosphates 
exert cytotoxicity is by incorporation into DNA 
and inhibition of DNA synthesis [22-27]. To 
determine the combined effect of these two ara
nucleotides on the DNA synthesizing machin
ery, an in vitro model system of DNA primer 
extension assay was employed. A DNA primer 
was elongated by DNA polymerase a purified 
from human leukemia cells over a synthetic 
template as shown in Figure 1. A 17-nucleotide 
primer labeled at the 5'-end with 32p was 
annealed to a defined-sequence template of 31 
nucleotides in length. With this custom 
sequence of tlIe template, DNA polymerase a 
gets a "running start" [28] of 6 nucleotides by 
incorporating dGTP and dTTP until it comes to 
the critical sites. At these sites, F-ara-ATP or 
dATP and ara-CTP or dCTP would be incorpo
rated in specified sequence. Polymerase athen 
completes the elongation by adding 6 more 
nucleotides. The elongation of the radiolabeled 
primer to the final product, near the end of the 
template, was analyzed on a DNA sequencing 

Primer 
32p _____ _ 

______ CACACATGCACACA 5' 

Template 

Fig. 1. Template-primer complex used as an in vitro 
model system to study DNA elongation. Sites on the 
template designated as critical sites are underlined 
and bold 
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gel. A profile of a gel using this assay is shown in 
Figure 2. 

As is apparent in the control re action in the 
first lane of Figure 2, the primer was elongated 
by polymerase a to a final product when all 4 
deoxynucleotides were present at 5 11M. This was 
the lowest concentration of deoxynucleotides 
that supported linear kinetics of the uninhibited 
re action. Addition of either F- ara-ATP or ara
CTP in lanes 2 or 3, resulted in termination of 
DNA primer elongation at the A or C site, conse
quently decreasing the radioactivity in the final 
product. Addition of both arabinosylnucleotides 
resulted in bands at both A and C positions and 
a major reduction in the final product. The 
radioactivity in the product in each lane was 
quantitated by a betascope and was expressed as 
a percentage of the radioactivity in the control 
reaction (Table 4). When ara-CTP was used 
alone, there was a dose dependent increase in 
the inhibition of DNA elongation. When F-ara
ATP was used at 10 11M, primer extension was 
inhibited by 37 percent. The combination of a 
fixed concentration of 10 11M F-ara-ATP with 
ara-CTP at increasing concentrations indicated 

1 2 3 4 

C 
A 

primer 

Fig. 2. Incorporation of single analog versus two ana
log molecules in DNA primer by DNA polymerase a. 
Lane 1 is a complete reaction containing 5 11M of 
dNTPs. Lane 2 is the same as lane 1 but with 10 11M F
ara-ATP. Lane 3 is the same as lane 1 but with 10 11M 
ara-CTP. Lane 4 contains both F-ara-ATP (10 11M) and 
ara-CTP (10 11M) in addition to 5 11M dNTPs 



a greater decrease in primer extension co m
pared to that of a single drug. The expected per
centage inhibition values from these 
combinations, tabulated in the last column of 
Table 4, are the product of inhibition by F-ara
ATP at 10 J..llM and of ara-CTP alone at the indi
cated concentrations. A comparison of the 
observed values with those expected suggested 
that, at 1 and 3 J..lM ara-CTP the combination of 
ara-CTP and F-ara-ATP resulted in greater than 
additive inhibition. At higher concentrations, 
however, the result was additive. Similar results 
were obtained when the F-ara-ATP concentra
tion was varied and ara-CTP was kept constant 
at3J..lM. 

To further determine the consequences of 
incorporating these analogs alone or in combi
nation, we deleted the competing deoxynu
eleotide from the re action mixture, thus forcing 
the polymerase to incorporate an arabinosyl 
nueleotide. A single analog incorporation result
ed in 89% to 95% inhibition of DNA synthesis, 
whereas incorporation ofboth in sequence inhi
bited DNA primer extension by 99%. These 
results demonstrated that both F-ara-ATP and 
ara-CTP can incorporate in tandem, and that 
incorporation of two arabinosyl nueleotides 
results in greater inhibition of DNA elongation 
than when a single analog was incorporated. 

Additional effects of fludarabine. Both fludarabine 
and ara-C infusions have been shown to block 
cells in S-phase [29,30]. Because both drugs are 
S-phase-specific, alternate infusion of these ana-

logs could selectively affect the partially syn
chronized population of leukemia blasts, when 
it proceeds into S-phase after the first drug. Fi
nally, fludarabine is recognized as an effective 
agent for indolent leukemia and lymphomas in 
which a majority of cells are quiescent [31,32]. 
One can postulate that, aside from its effect on 
actively dividing cells, fludarabine may affect 
the AML cell population that is quiescent [33]. 
This may prove synergistic, because ara-C is 
active primarily in cyeling cells. 

Conclusion 

Fludarabine, when combined with the ara-C 
therapy, affects both the pharmacokinetics of 
ara-CTP and the pharmacodynamics of drugs 
actions. The pharmacokinetic aspect brings on a 
new metabolite, F-ara-ATP, in the cells. Accu
mulation ofF-ara-ATP decreases dNTP pools in 
leukemia cells and thus enhances deoxycytidine 
kinase activity. This results in increased rate of 
ara-C phosphorylation resulting in a higher 
peak of ara-CTP. The rate of ara-CTP elimina
tion, however, remains similar to that of ara-C 
given alone, hence it stays longer in the circulat
ing cells. When both metabolites are at less than 
10 J..lM, they may work together and synergisti
cally to maintain the inhibition of DNA synthe
sis. The lowered dATP or dCTP pool may, in 
addition, enhance the incorporation of these 
antimetabolites into growing DNA. Taken to
gether, these multifaceted effects may prolong 

Table 4. Inhibition of DNA primer extension by ara-eTP and ara-eTP with 
F-ara-ATP 

Percentage ofInhibition, mean % SD 
ara-eTP with 

ara-eTP, ~M onlyara-eTP 10 ~M F-ara-ATP expected 

0 0%0 37%6 37 
19%10 69%6 49 

3 29%18 69%10 55 
10 74%3 87%4 84 
30 89%2 88%1 93 
60 90%4 94%2 93 

The reaction mixture contained 5 ~M of all four dNTPs without any ara-NTP 
(control) or with ara-eTP at different concentrations with or without 10 ~M 
F-ara-ATP. The expected value is a product of values with F-ara-ATP at 10 ~M 
and ara-eTP at the respective concentrations. DNA primer extension was mea
sured as described under experimental procedures. The values are mean % SD 
from 3 to 7 different gels 
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the duration of inhibition of DNA synthesis and 
hence cytotoxicity. 
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Pharmacokinetics of Ara-CMP-Stearate (YNK01) - Phase I Study 
of the Oral Ara-C Derivative 

Jan Braess', Eberhard Schleyer', Bernhard Ramsauer', Michael Unterhalt', Cornelia Kaufmann" 
Sabine Wilde', Martin Schüssller', and Wolfgang Hiddemann' 

Abstract. Ara-CMP-Stearate (l-beta-D-Arabino
furanosy1cytosine-5' -stearylphosphate, YNK 01, 
Fosteabine) is an the orally applicable prodrug 
of cytosine-arabinoside (Ara-C). During a 
recently started phase-I study in patients with 
advanced low-grade non-Hodgkin lymphomas 
or acute myeloid leukemia the pharmacokinetic 
parameters of Ara-CMP-Stearate (kindly pro
vided by ASTA Medica, Frankfurt, FRG) were 
determined by HPLC analysis. 72 hours after a 
first starting dose which served for the determi
nation of baseline pharmacokinetic parameters, 
Ara-CMP-Srearate was administered over 14 
days by once daily oral application. Ara-CMP
Stearate was started at a dose of 100 mg/d and 
was escalated in subsequent patients to 200 
mg/d, 300 mg/d and 600 mg/d. Plasma and 
urine concentratiions of Ara-CMP-Stearate, 
Ara-C and Ara-U were measured during tlIe ini
tial treatment phase and within 72 hours after 
the end of the 14 day treatment cyde. So far six 
patients have been treated with 100 mg/d, three 
with 200 mg/d and another six with 300mg/d. 
One patient was treated consecutively with 100 
mg, 300 mg and 600 mg. Fitting the results of 
the plasma concentration measurements of 
Ara-CMP-Stearate to a one compartment model, 
the following pharmacokinetic parameters were 
obtained (average and variation coefficient VC). 
Ara-CMP-Stearate dose independent parame
ters: Lag time = 1.04 h (0.57), trnax:5.72 h (0.30), 
t1" = 9.4 h (0.36). Dose dependent parameters: 
at 100 mg : AUC = 1099 ng·mllh (0.31), con
centrationrn•x = 53.8 ng/ml (0.28), at 200 mg: 
AUC = 2753 ng·h/ml (0.32), concentra-

tionrnax = 154.8 ng/ml (0.46), at 300 mg: AUC = 
2940 ng·h/ml (0.66), concentration rn.x = 160.0 
nglml (0.59). The long lag time and laternax can 
be explained by resorption in the distal part of 
the small intestine. No Ara-CMP-Stearate was 
detected in urine sampies (limit of detec
tion = 500pg/ml). Pharmacokinetcic parameters 
of ARA-C following Ara-CMP-Stearate applica
tion showed the following characteristics: 
t1" = 24·3 h (0.39), AUC (lOomg) = 262 ng·h/ml 
(0.93), AUC (200mg) = 502 ng·h/ml (0.87), AUC 
(300mg) = 898 ng·h/ml (1.07). Since Ara-CMP
Stearate causes intravascular hemolysis after i.v. 
administration, it was not possible to determine 
its bioavailability by comparing the AUC after 
oral and Lv. application. Instead, the renal elim
ination of ARA-U, as the main metabolite of 
ARA-C was measured during the first 72 h peri
od and after the last application. This approach 
allowed to estimate that an average of 15.8% of 
Ara-CMP-Stearate (VC 0.82) had undergone 
resorption and final metabolism to ARA-U. The 
observed half lifes for ARA-C(t1" = 24,4h, 
VC=0,39) and Ara-U (t1,,=22,0 h, VC=O,35) 
after Ara-CMP-Stearate administration were 
substantially longer than those after intravenous 
application of Ara-C suggesting a prolonged 
release of Ara-C from the prodrug due to a slow 
hepatic metabolism of Ara-CMP-Stearate. These 
data show that Ara-CMP-Stearate is able to 
maintain prolonged ARA-C plasma levels and 
suggest that ARA-C concentrations as in low 
dose and probably in standard dose ARA-C 
therapy can be achieved by oral application of 
Ara -CMP -Stearate. 

'Department of Interna! Medicine, Division Hematology and Oncology, University of Göttingen, Germany 
'ASTA Medica, Frankfurt1M, Germany 



Introduction 

Because of its rapid deamination by cytidine 
deaminase the plasma half-live of Ara-C is short 
and is in the range of tl/2 10-40 min minutes, 
only [9,10]. Therefore, continous intravenous 
infusion or repeated s.c. injections are required 
to maintain prolonged cytotoxic drug levels. In 
an attempt to overcome this limitation and to 
develop an orally applicable compound aseries 
of lipophilic Ara-C analogues were synthesized 
[11] in the early 1980. Among these substances 1-
beta -D-arabinofuranosylcytosine-5' -stearyl
phosphate (Fosteabine, YNKol, Ara- CMP
Stearate) revealed the highest antileukemic 
activity in in vitro and animal models [12]. Ara
CMP-Stearate is metabolized by the liver and is 
converted to ara-C at a low rate [13, 14]. Hence, 
Ara-C is released into the circulation over a pro
longed period of time. Ara-CMP-Stearate may 
therefore not only provide a more convenient 
way of drug application through the oral route 
but mayaIso allow to maintain long-Iasting Ara
C plasma levels by its slow and prolonged hepat
ic conversion. These perspectives and their 
clinical relevance need to be substantiated in 
controlled studies. In addition, more informa
tion is needed about the pharmacokinetics of 
Ara-CMP-Stearate and about potential inter
individual differences in uptake and metabolism 
between individual patients. These questions 
were addressed by the current investigation as 
part of a clinical phase I study in patients with 
advanced low-grade lymphomas and acute mye
loid leukemia. 

Patients 

The current study was open for patients suffer
ing from advanced low grade non-Hodgkin
lymphomas or end stage acute myeloid 
leukemia. Six patients were treated with 
100mg/day, three with 200mg/day and another 
six with 300mg/day. One patient was treated 
consecutively with 100mg/day, 300mg/day and 
600mg/day in order to estimate intraindividual 
differences during dose-escalation. Patients with 
WHO grade 3 or better, Age > 18 years, normal 
liver and kidney function were admitted into the 
study. All patients provided their written 
informed consent after having been informed 
about the investigational nature of the current 
evaluation. 

Treatment 

Each course consisted of a single test dose fol
lowed three days later by a once daily oral 
administration of Ara-CMP-Stearate over 14 
days. Ara-CMP-Stearate was applied as capsules 
of 100mg. A dose escalation was carried out in 
consecutive patients comprizing 100 mg/d, 200 
mg/d, 300 mg/d and 600 mg/d after treatment of 
at least 3 patient at each dose level with tolerable 
toxicity. Prior to its initiation the study was 
approved by the local ethic commitee. It is also 
in accordance with the Helsinki declaration. 

Pharmacokinetic Analysis 

Blood sampIes were taken before the first appli
cation of the drug and at 1 h, 2 h, 4 h, 6 h, 8 h, 12 
h, 16 h, 20 h, 24 h, 28 h, 32 h, 48 h, 62 hand 76 h 
after the initial test dose and after the last dose 
of the 14 days regimen in order to establish the 
half-lifes of Ara-CMP-Stearate, Ara-C and Ara
U. In addition, seven sampIes were taken on 
every second day in order to estimate the devel
opment of a pseudo steady state trough level of 
all three substances. Urine was collected during 
the first 72 hours and after the last dose of the 14 
days regimen in order to determine the renal 
excretion of all three substances. On this basis 
the metabolic bioavailability of Ara-CMP
Stearate could be estimated by the proportion 
that is absorbed after oral application and 
metabolized to Ara-C or Ara-U of which more 
than 95% is excreted through the kidneys. This 
approach was chosen since a standard cross
over evaluation of drug concentrations after 
intravenous and oral administration was not 
possible due to the induction of hemolysis after 
intravenous application of Ara-CMP-Stearate. 
Blood sampIes were collected in heparinized 
vacutainers to which 250 Ilg of tetrahydrouri
dine (THU), was added for the inhibition of 
cytidine deaminase. The specimens were imme
diately centrifuged, plasma was removed and 
instandy frozen at - 20°C until analysis. Urine 
specimens were similary prepared. After mea
suring the total urine volume and stirring thor
oughly an aliquot of 50 ml was obtained and 
frozen at - 20 oe. 

Plasma and urine concentrations of Ara
CMP-Stearate were determined by HPLC analy
sis [15]. In brief, this highly sensitive assay 
involves ion-pairing on a reversed-phase C6H, 
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phenyl column with a mobile phase of 50% 
acetonitril and 50% 0.04 M sodium phosphate 
buffer for isocratic elution. In order to reach a 
low limit of quantification in the range of 5 
ng/ml (variation coefficient 6.8%) and of 500 
pg/ml (variation coefficient 7.3) for plasma and 
urine respectively enrichment on C18 enrich
ment cartridges was performed prior to elution 
onto the analytical column. Prior to analysis 
sampie clean-up was performed using tubes 
filled with C18 material. Signal detection was 
performed by an ultraviolet detector at 275 nm. 
Recovery following sam pIe preparation was 
between 52-64%. 

Ara-U concentrations were determined by a 
HPLC assay with a limit of detection of 20 ng/ml 
and 0.5 Ilg/ml for plasma and urine respectively. 
A 311 CIS reversed phase column and a W SA 
cation exchange column were used with 0.1 M 
sodium phosphate buffer as the mobile phase. 
Before the separation on the analytical columns, 
sampies were eluted onto CIS cartridges for 
cleansing. Plasma sampies were prepared by 
precipitation of proteins using HCI04 and 
speed-vac drying of the supernatant. 

Ara-C analaysis had to be performed by using 
a radio-immuno-assay first described by 
Enomoto et al. [16) in order to reach a sufficient
ly low limit of detection. Conditions were slight
ly changed in order to facilitate sampie 
preparation by precipitating plasma sampies 
with a low volume of acetonitril and speed-dry
ing the supernatant. The limit of detection was 
100 pg/ml and 1 ng/ml for plasma and urine 
respectively. The intra assay variation coeffi
cient is 18% at the detection limit. 

All data were analyzed by using the TOPFIT 
pharmacokinetic computer program which 
allows an optimized adaptation of variation 
coefficients between the observed and calculated 
data, respective [17). The data of all three sub
stances were fitted to a linear one compartment 
model as described by the extended Batemann 
equation. This equation originally describes a 
first order pharmacokinetic model following a 
single application of a drug that is in turn 
resorbed according to first order kinetics. It can 
be extended by adding cumulation factors to 
include multiple drug applications : 

Crn = [(f.D.ka)IV d.(ka - ke))).[r;e- ket - r;e- kat ) 

where Cp = concentration at a given time point, 
n,re,ra = specific cumulation factors, D = given 
dose, f = percentage of dose absorbed, V d = 
volume of distribution, ka = time constant of 
absorption, ke = time constant of elimination, t 
= time following last application. The plasma 
decay curve of Ara-CMP-Stearate, Ara-C and 
Ara-U and the cumulative renal elimination of 
the latter two substances were determined inde
pendentiy assuming a first order rate constant of 
conversion of Ara-CMP-Stearate to Ara-C. 

Results 

Pharmacokinetic analyses were performed in 16 
patients during 18 cycles of Ara-CMP-Stearate 
therapy. In order to facilitate comparative evalu
ations drug doses were assessed on the basis of 
calculated square meter concentrations rather 
than on ilie absolute levels that were clinically 
administered. Tables 1-3 depict the pharmaco-

Table 1. Pharmacokinetic parameters of Ara-CMP-Stearate at three dose levels 

Ara-CMP-Stearate t1/2 AUC concentrationmox time of concentrationmox 

dose inh in ng.h/ml in ng/ml in h 

average 11·9 1099 53·8 5.08 
VC 0.27 0.31 0.28 0.41 

(calculated for 50 mg/rn') 

average 7·2 2753 154.8 6.91 
VC 0.17 0·32 0.46 0·33 

(calculated for 100 mg/rn') 

average 9·1 2940 160.0 5·54 
VC 0·34 0.66 0·59 0.24 

(calculated for 150 mg/rn') 

average (total) 9-4 5.72 
VC 0·36 0·30 
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Table 2. Pharmacokinetie parameters of Ara-C at three dose levels of Ara-CMP-Stearate 

time of coneen-
Ara-CMP-Stearate t'/2 AUC eoneentrationm", trationm", elimination"n'l clearancerenal 

dose inh in ng·h/ml in ng/ ml in h inh in % of dose in ml!min 

average 21.9 268 9·1 8.2 1.2 41.2 
VC 0·38 0.89 1.16 0·50 0·91 0.62 

(ealculated for 50 mg/rn') 

average 21.8 502 6.7 30.6 0.6 30·9 
VC 0·31 0.87 0·38 0·31 0.51 1.20 

(ealculated for 100 mg/rn') 

average 26.1 898 16.7 25·5 0.6 23·9 
VC 0·47 1.07 1.29 0·55 0.85 1.49 

(ealculated for 150 mg/rn') 

average (total) 24·4 22·7 0.8 30·5 
VC 0·39 0.67 0·98 1.00 

Table 3. Pharmaeokinetie parameters of Ara-U at three dose levels of Ara-CMP-Stearate 

time of eoneen- renal 
Ara-CMP-Stearate t'/2 AUC eoneentrationm", trationm", clearanee"n,u elimination 
dose inh in ng·h/ml in ng/ml 

average 18.2 1800 31.7 
VC 0·33 0.84 0·31 

(ealculated for 50 mg/rn') 

average 25·1 3197 78.2 
VC 0·43 0·93 1.08 

(ealculated for 100 mg/rn') 

average 25·3 3460 71.9 
VC 0.27 0.58 0.76 

(ealculated for 150 mg/rn') 

average (total) 22.0 
VC 0·35 

kinetie parameters of Ara-CMP-Stearate (Table 
1), Ara-C (Table 2) and Ara-U (Table 3) after 
applieation of 50 mg/rn', 100 mg/rn' and 150 
mg/rn' Ara-CMP-Stearate ealculated from the 0 

h to 475 h blood and 0 to 76 h urine sampie 
period, respeetively. Lag-time and metabolie 
bioavailability of the mother drug and half-lifes 
and clearanees of all three substanees were 
shown to be dose independent parameters at the 
applied doses and are illustrated in Figure 1. 

Using a eomplex user defined eompartment 
model this figure shows the pharmaeokinetics of 
one typieal ease after the application of 150 
mg/rn' Ara-CMP-Stearate. As in all other 
patients optimum results with variation eoeffi
dents> 0.90. were obtained when fitting the 

inh in ml!min in % of dose 

24·1 89·3 21.3 
0·41 0.41 0.92 

15·3 94·1 20.1 

0·45 0.25 0·70 

13·5 72.2 9·2 
0·57 0·52 0.21 

18·5 84.4 15·8 
0·49 0·39 0.88 

experimental data to a linear one eompartment 
model. Figures 2 and 3 show the plasma coneen
trations of Ara-CMP-Stearate and Ara-C at the 
300 mg dose level. Absorption of the mother 
drug was rather slow resulting in a late tm "" of 
approximately 6 hours. Similarly, Ara-CMP
Stearate is first deteeted in the plasma after a lag
time of 1.16 ho urs. Ara-C and Ara-U reaeh 
maximum coneentrations after approximately 20 

ho urs and are exereted into the urine with a half
life of 24.4 ho urs and 22.0 hours respeetively. 

Plasma AUCs are dose dependent parameters 
and show a linear inerease with higher doses of 
Ara-CMP-Stearate (Tables 1-3). Until the 300 
mg/day dose level no signs of any deereased 
resorption of Ara-CMP-Stearate eould be deteet-
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Fig.l. Pharmakokinetics of Ara-CMP-Stearate, Ara-C and Ara-U following application of 300 mg Ara-CMP
Stearate 

ed. Instead the plasma AUCs rose from an aver
age of 1099 ng·h/ml in the 100 mg/day dose 
group to 2753 ng·h/ml in the 200 mg/day dose 
group and to 2940 ng·h/ml in the 300 mg/day 
dose group. A linear relation between oral drug 
dose and plasma AUC is also revealed by the 
results of a single patient receiving consecutive
ly 100 mg/day (AUC = 646 ng·h/ml), 300 mg/day 
(AUC = 1690 ng·h/ml) and 600mg/day (AUC = 
4635 ng·h/ml). A comparison of results between 
different patients indicates distinct interindivid
ual differences in the absorption and in the sub
sequent metabolism of Ara-CMP-Stearate. This 
is demonstrated by the coefficients of variation 
for the AUCs of Ara-CMP Stearate, Ara-C and 
Ara-U (Table 1, 2, 3). When comparing the vari
ation coefficients of renal excretion of Ara-C 
and of Ara-U which lie between 0.62 and 
1.49 and between 0.21 and 0.92 respectively, 
variability in Ara-C metabolism seems to be 
slightly higher than in the case of Ara-U which is 

consistent with the results on plasma AUC vari
ability. 

Ara-CMP-Stearate, Ara-C and Ara-U plasma 
levels that are obtained after the application of 
300 mg/d represent the formation and mainte
nance of a pseudo steady-state level (Fig. 2). 
These figure also show that there is no accumu
lation of either Ara-CMP-Stearate, Ara-C or 
Ara-U but that long lasting plasma levels of Ara
C and Ara-U are maintained as result from their 
long half-lifes. 

Discussion 

After the demonstration of a significant anti
leukemic activity of Ara-CMP-Stearate in exper
imental systems and patients with secondary 
leukemias and myelodysplastic syndroms 
[22,23), the current study provides for the first 
time more extensive information about the 
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pharmacokineties of this promising new agent 
and its main metabolites Ara-C and Ara-U. The 
obtained data indieate that Ara-CMP-Stearate 
not only allows to administer Ara-C via the oral 
route but that it also provides long lasting plas
ma Ara-C levels thus mimieing a continous 
intravenous infusion. 

Plasma and urine concentrations were 
analysed during 18 cyeIes in 16 patients under
going treatment with Ara-CMP-Stearate and 
revealed a lag-time of approximately 1 hour and 
a late tmax of approximately 6 ho urs both sug
gesting a slow resorption of Ara-CMP-Stearate 
in the distal part of the small intestine. This 
behaviour fits weIl to the chemieal nature of the 
drug as a fatty acid. The metabolie bioavailabili
ty of Ara-CMP-Stearate was calculated indirectly 
through the renal elimination of Ara-U since a 
direct comparison of intravenous and oral 
administration is prohibited by the induction of 
hemolysis after intravenous applieation. The 
obtained results indicate a bioavailability of 
approximately 15%. These data are in accord
ance with preceding experiments by Takayama 
et al. [18] that have shown that only a small per
centage of 2-4% of the total given dose is excret
ed unchanged into the bile. This means that of 
the 80-85% of Ara-CMP-Stearate that is found 
unchanged in the faeces more than 95% has not 
been resorbed but has passed the gastrointesti
nal tract without systemic effects or metabolism. 

So far there has been no indieation that either 
absorption of the parent compound or its 
metabolism is reaching· a steady state level. 
Further dose escalation with higher plasma lev
els seems therefore feasible. The plasma half-life 
of Ara-CMP-Stearate is around t'/2 = 9 hours 
and is highly reproducible in all analyzed 
patients. Since only a small percentage of the 
absorbed dose is eliminated via biliary excretion 
[18] and since no Ara-CMP-Stearate is found in 
tlIe urine this long half-life mainly reflects 
hepatie 'uptake and metabolism of the parent 
compound to Ara-C and Ara-U. Increases of 
plasma levels of Ara-CMP-Stearate were linear 
to intraindividual dose escalation suggesting a 
constant absorption of the drug in a given 
patient. On the other hand interindividual dif
ferences in plasma levels ofbotlI the parent drug 
and of Ara-C at a given dose level require to 
assess Ara-C through levels in each case to 
ashure adequate plasma concentrations. The 
high intraindividual reproducibility of the phar
macokinetics of Ara-CMP-Stearate, Ara-C and 

Ara-U however indicate tlIat such determina
tions must not be performed repeatedly in indi
vidual cases. 

Following hepatie uptake the stearate moiety 
of Ara-CMP-Stearate is gradually shortened first 
by mierosomal omega oxydation [19] whieh is 
then followed by peroxisomal beta oxydation 
[14]. The late tmax = 20 hours ofboth Ara-C and 
Ara-U indieate that these steps are relatively 
time consuming and are therefore partly re
sponsible for the prolonged release of Ara-C 
into the circulation. While the plasma half lifes 
of Ara-C and Ara-U are 14 min and 4 ho urs after 
intravenous or subcutaneus administration of 
Ara-C tlIey are substantially longer and nearly 
overlapping after release from Ara-CMP
Stearate with tmax of 22.7 and 18.5 hours and half
lifes of 24.4 and 22.0 hours, respectively [9,10]. 
The nearly identieal half-lifes of Ara-C and Ara
U following Ara-CMP-Stearate application is the 
result of a typieal flip-flop situation with tlIe 
slow hepatie metabolism of the mother drug 
being the rate limiting factor. The processes of 
elimination of both Ara-C and Ara-U and of 
deamination of Ara-C to Ara-U [24] by far 
exceed hepatie metabolism of the mother drug 
to Ara-C. Accordingly tlIe terminal half-life of 
both metabolites represents mainly the rate of 
metabolism and is therefore nearly identical for 
both substances. This observation is eIearly rep
resented by tlIe parallel plasma decay curves of 
Ara-C and Ara-U in Figure 1. These long lasting 
plasma levels make Ara-CMP-Stearate not a 
mere prodrug of Ara-C but indieate that this 
drug possesses distinct pharmacokinetie prop
erties whieh may weIl have a eIinieal impact. 

Similarly to Ara-CMP-Stearate, plasma levels 
of Ara-C rise with increasing dose but are sub
stantially more variable. These findings strongly 
suggest individual differences in hepatie metab
olism of the parent compound. This phenome
non can be explained by considering the fact 
that Ara-C and Ara-U excretion will always add 
up to the total metabolie product of Ara-CMP
Stearate. Slight differences in metabolism that 
will eg lower the Ara-U percentage of this meta
bolic product from 90% to 80% will mean only a 
slight variation for Ara-U excretion whereas 
increasing the Ara-C percentage of the metabol
ie product from 10% to 20% will double total 
Ara-C excretion. 

This estimation is supported by the fact that a 
similarly high variability in hepatie metabolism 
has been found also for other drugs that are 



mainly metabolized via the cytochrom P450 
dependent peroxisomal oxydation system like 
barbiturates or mephenytoin [20]. Distinct 
pharmacogenetie polymorphisms has been 
demonstrated for this enzyme complex [21]. 
These metabolie effects emphasize the need to 
monitor Ara-C rather than Ara-CMP-Stearate 
plasma concentrations for an optimized adap
tion of treatment. 

The current study shows that by oral applica
tion of Ara-CMP-Stearate Ara-C plasma levels 
can be achieved whieh are comparable to those 
obtained by subcutaneous administration of so 
called low dose therapy i.e. 20 mg/m2/d. Because 
of its more convenient way of applieation Ara
CMP-Stearate therefore may provide the means 
for a future development of this therapeutie 
approach. 

Since no signs of saturation of either absorp
tion or metabolism to Ara-C was observed fur
ther dose escalation can be expected to result in 
even higher plasma concentrations of Ara-C that 
are comparable to those during standard dose 
regimens. The unique ability of Ara-CMP
Stearate to produce long lasting plasma levels of 
Ara-C may even improve the prolonged expo
sure of leukemie cells to Ara-C. 

Further studies are needed to establish the 
c1inieal relevance of this approach and to define 
the most appropriate indieations for its use. 
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Abstract. This study examines the effect of 
recombinant human granulocyte-macrophage 
colony-stimulating factor (GM-CSF) on the 
intracellular metabolism of cytosine arabinoside 
(ara-C) in mononudear bone marrow cells 
(NBMMC) from 8 healthy volunteers and 
leukemic blasts from 50 patients with acute 
myeloid leukemia (AML). Pretreatment with rh 
GM-CSF (100 U/ml) for 48 hrs significantly 
enhanced DNA synthesis: Median 3H-TdR 
uptake into the DNA increased from 2.15 to 3.68 
pmol/Ios cells in AML blasts and from 3.09 to 7.4 
pmol/Ios cells in NBMMC (p < 0.05). 14 AML 
cases did not respond to GM-CSF. Median ara-C 
mediated inhibition of DNA synthesis was sig
nificantly higher in AML blasts as compared to 
NBMMC (76.5 vs 55.0% and 99.0 vs 96.0% at 
0.05 and 5.0 ~M ara-C, respectively, p < 0.01). 
Similarly, intracellular ara-CTP levels were high
er in AML blasts as eompared to NBMMC (46.5 
vs 18.7, 167.8 vs 48.0 and 59.5 ng/Io' cells at 1, 10, 
100 ~M extracellular ara-C, respectively, p< 
0.01). Overall DNA polymerase and DNA poly
me rase a activity increased from median 80.9 to 
94.1 and from 3.1 to 5.7 pmollmin x mg in AML 
blasts as eompared to median 96.7 to 189.8 and 
1.2 to 2.2 pmol/min x mg in NBMMC (p < 0.05). 
Median deoxycytidine and thymidine kinase 
activity were only slightly increased in the pres
ence of GM-CSF. The GM-CSF induced increase 
of the 3H-ara-C incorporation into the DNA was 
slightly higher in GM-CSF responding AML 
blasts as compared to NBMMC (median 2.0 vs 
1.7 fold at 0.06 ~M ara-C, p < 0.05). The differ
ential effect of GM-CSF on the metabolism of 

ara-C in normal versus leukemic cells may cause 
a selective increase in the antileukemic cytotoxi
city of ara-C in the presence of GM-CSF. 

Introduction 

Cytosine arabinoside (ara-C) is one of the most 
active agents in the treatment of acute myeloid 
leukemia (AML) and provides the basis for the 
majority of currently applied treatment regi
mens [1]. Recent in vitro investigations [2-17] 
indicate that pretreatment of AML blasts with 
hematopoietic growth factors such as GM-CSF 
or IL-3 enhances the ara-C mediated cytotoxici
ty against leukemic cells. This increase might be 
due to an increase of the cell fraction in the S
phase of cell eyde, an increase of intracellular 
ara-CTP/dCTP pool ratios, and an enhanced 
ara-C incorporation into the blast ceH DNA by 
activation of DNA polymerase a [2-16]. 
Furthermore, it has been reported that GM-CSF, 
IL-3 and a combination of both cytokines pref
erentially enhance the metabolism of ara-C in 
leukemic versus normal mononudear bone 
marrow cells [9,10,12-14]. Enhanced ara-C 
cytotoxicity to normal bone marrow progenitors 
has only been reported for both G-CSF and GM
CSF at low extracellular ara-C concentrations 
(0.01 and 0.1 ~M) [141. The mechanisms under
lying this phenomenon are still not fuHy under
stood. 

The present study evaluates and eompares 
the effect of GM-CSF on several parameters of 
the intracellular ara-C metabolism in leukemic 
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blasts of 50 AML cases and normal bone marrow 
mononuclear cells (NBMMC) (n = 8) such as 
deoxycytidine kinase (dCK), thymidine kin ase 
(TK), overall DNA polymerase, DNA poly
merase 0., ara-C mediated inhibition of DNA 
synthesis, ara-C incorporation into blast cell 
DNA and intracellular ara-CTP levels. Our results 
indicate that GM-CSF increases ara-C mediated 
cytotoxicity against leukemic blasts and NBMMC 
through enhancement ofDNA polymerase activi
ty and ara-C incorporation into the DNA. In 
addition, our data suggest differences in the 
intracellular ara-C pharmacology in AML blasts 
and NBMMC which may allow a selective 
increase in the antileukemic cytotoxicity of ara-Co 

Methods 

Cells and incubation procedure. Bone marrow aspi
rates and peripheral blood (n = 6) were obtained 
from 50 patients (median age 50.5 years, range 
12-81) with newly diagnosed AML and from 8 
healthy volunteers. FAB subtypes included 2 
Mo, 7 MI, 8 M2, 1 M3, 14 M4, 7 M4eo, 9 M5, and 
two secondary AML after myelodysplastic syn
drome (MDS). Leukemic cells comprized > 70% 
of the total cell population. Cells were subjected 
to Ficoll-Hypaque density gradient (1.007 g/cm3) 
separation before further processing. Blast cells 
and NBMMC were cultured for 48 hrs in the 
absence or presence of GM-CSF (100 V/ml) 
kindly provided by Behringwerke (Marburg, 
Germany) at a concentration of 1.5 x 106/ml in 30 
ml of Iscove's modified DuIbecco's medium 
(IMDM) supplemented with 10% heat inactivat
ed fetal calf serum (FCS), glutamine (292 J.lg/ml) 
and antibiotics (penicillin 60,2 J.lglml, strepto
mycine 133 J.lg/ml) at 370C in a 5% CO2 atmos
phere. Throughout this investigation a single lot 
of fetal calf serum was used. 

Cell extract preparation. Cells were washed in 0.9% 
NaCl. For preparation of cell extracts, 107 cells 
were suspended in 100 J.ll 50 mM Tris-HCl pH 
7.4. Cell were lysed by freeze thawing of the sus
pension for three times. Cellular debris and 
unsolved proteins were pelleted by centrifuga
tion at 12,000 g for 15 min at 47°C.The super
natant was assayed for enzyme activities and 
protein concentration [18]. 

3H-thymidine and 3H-ara-C incorporation into the DNA. 
3H-thymidine (TdR) (2 Ci/mmol) and 3H-ara-C 
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(30 Ci/mmol) were obtained from Amersham
Buchler, Braunschweig, Germany. After prein
cubation in the presence or absence of GM-CSF 
400,000 ('H-TdR) and 800,000 (3H-ara-C) cells 
were plated in 24-well microtiter plates in a final 
volume of 2 ml IMDM. 3H-TdR and 3H-ara-C 
and increasing amounts of unlabeled ara-C 
(0.06-100 J.lM final concentration) were added 
for 4 and 24 hrs additional ho urs, respectively. 
Cells were harvested on DE81 filter paper 
(Whatman, England) as described [17]. 

Enzyme assays. Overall DNA polymerase, DNA 
polymerase 0., deoxycytidine kinase and thymi
dine kinase activity were determined as previ
ously described [17]. 

Determination of intracellular ara-CTP levels. The deter
mination of the intracellular ara-CTP levels was 
performed as previously described [19]. 

Results 

Effect of GM-CSF on DNA synthesis and on ara-C mediated 
inhibition of DNA synthesis. Figure 1 shows the effect 
of GM-CSF on the 3H-TdR incorporation into 
the DNA of AML blasts and NBMMC. Median 
3H-TdR uptake into the DNA increased from 2.15 
to 3.68 pmol/I05 cells in AML cases (n = 35) and 
from 3.09 to 7-4 pmol/I05 cells (n = 8) in 
NBMMC (p < 0.05). 14 AML cases did not 
respond to GM-CSF pretreatment. The median 
ara-C mediated inhibition of DNA synthesis was 
significantly higher in AML blasts as compared 
to NBMMC (76.5 vs 55.0% and 99.0 vs 96.0% at 
0.05 and 5.0 J.lM ara-C, respectively). GM-CSF 
pretreatment had no influence on the ara-C 
mediated inhibition of DNA synthesis in AML 
blasts (median 82.0 vs 76.5% at 0.05 J.lM ara-C 
and 99 vs 99% at 5.0 J.lM ara-C). In contrast, 
GM-CSF pretreatment of NBMMC resulted in a 
slight increase of this inhibition (median 63.5 vs 
55% at 0.05 J.lM and median 96 vs 94% at 5·0 J.lM 
extracelluIar ara-C concentration) (Table 1). 

Effect of GM-CSF on the intracellular ara-CTP levels. 
Figure 2 depicts the effect of GM-CSF pretreat
ment on the intracellular ara-CTP levels in AML 
blasts and NBMMC. Following GM-CSF treat
ment both AML blasts and NBMMC revealed no 
effect on the intracellular ara-CTP levels as com
pared to control sampies. Furthermore, intracel
lular ara-CTP levels were found to be 2-40 fold 



Fig.I. Effect of GM-CSF on the 3H-TdR 
incorporation into the DNA of AML blasts 
and NBMMC. After 48 hrs in vitro preincuba
tion of the cells in the presence or absence of 
GM-CSF (100 V/mI) the DNA incorporation 
of tritiated thymidine was determined as 
described in "Methods". 3H-TdR uptake into 
the DNA is given in Pikomoles per 100,000 
cells. AML cases are represented by empty 
squares, NBMMC by empty crosses 
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Table 1. Effect of GM-CSF on DNA synthesis and on 
ara-C media ted inhibition of DNA synthesis 

AML blasts NBMMC 

3H_ TdR uptake (pmol/lo' cells) 

median 2.l5(2.25+/3·2~ ) 3.09 
range 0.1-13·0 1.25-7·5 
n 35 8 
+GM-CSF 
median 3.68(4.8+/3.1 ~) 7·4 
range 0.3-14.9 4.25-12.7 

Ara-C mediated inhibition ofDNA synthesis 
(% of control) 

0.05 ~M ara-C 
median 76·5 55.0 
range 26-94 32-82 
n 32 8 

5.0 ~M ara-C 

median 99 94 
range 83-100 90-99 

0.05 ~M ara-C+GM-CSF 

median 82 63·5 
range 41-94 41-77 
n 29 8 

5.0 ~M ara-C+GM-CSF 

median 99 96 
range 91-100 94-99 

Values in parenthesis are for GM-CSF responsive (+) 
and non-responsive (-) AML blasts 

0.5 5 
TdR DNA incor. (pmol/10e5 cells) 

lower in NBMMC as compared to AML blasts 
(median values: 18.7 vs 46.9, 48.0 vs 167.8 and 
59.5 vs 337.5 ngh07 cells at 1, 10 and 100 flM 
extracellular ara-C, respectively, p < 0.01). 

Effect of GM-CSF on enzyme activity of DNA polymerase, 
thymidine kinase and deoxycytidine kinase. The effect of 
GM-CSF on the enzymes activities of overall 
DNA polymerase (POL), DNA polymerase a 
(POLA), thymidine kinase (TK) and deoxycyti
dine kinase (DCK) is shown in Figure 3 and 
Table 2. Overall DNA polymerase activity 
ranged from 12.9 to 210.4 pmollmin x mg (medi
an 80.9) in AML blasts (n = 48) and from 20.6 to 
301.5 pmollmin x mg (median 96.7) in NBMMC 
(n = 7). DNA polymerase a activity was slightly 
higher in AML blasts (n = 42) as compared to 
NBMMC (n = 5) (median 3.1 vs 1.2 pmoll min x 
mg, range 0.04-28.9 vs 0.2-3.2 pmollmin x mg). 
In the presence of GM-CSF overall DNA poly
merase a activity (POL) and DNA polymerase 
activity increased from median 80.9 to 94.1 and 
from 3.1 to 5.7 pmollmin x mg in AML blasts as 
compared to median 96.7 to 189.8 and 1.2 to 2.2 
pmol/min x mg in NBMMC (p < 0.05). GM-CSF 
pretreatment of AML blasts resulted in a slight 
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Fig.2. Effect of GM-CSF on the intracellular ara-CTP levels in AML blasts and NBMMC. AML blasts (empty 
squares) and NBMMC (empty crosses) were preincubated for 48 hrs in the presence or absence of GM-CSF (100 

V/mI). Ara-C was added for additional 12 hrs in increasing concentration (1, 10 100 ~M, respectively). The deter
mination ofthe intracellular ara-CTP levels was performed as previously described by Schleyer et al. [19] 

increase of deoxycytidine kinase (dCK) activity 
(n = 40) (median 9.7 to 11.3 pmol/min x mg). In 
contrast, NBMMC (n = 6) showed no change in 
dCK activity in the presence of GM-CSF (19.5 vs 
19.5 pmollmin x mg). Thymidine kinase activity 
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was significantly higher in AML blasts (n = 39) 
as compared to NBMMC (n = 7) (p < 0.05) and 
was slightly increased in the presence of GM
CSF (median increase from 6.4 to 7.8 and from 
1.9 to 3.6 pmollmin x mg, respectively). 
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Fig.3. Effect of GM-CSF on the enzyme activities of DNA polymerase, thymidine kinase and deoxycytidine 
kinase. AML blasts (empty squares) and NBMMC (empty crosses) were preincubated for 48 hrs in the presence 
or absence of GM-CSF (100 V/mI). Cells were harvested and enzyme activities were determined as described (see 
"Methods"). Enzyme activities of overall DNA polymerase (POL) and DNA polymerase Cl (POLA) are given in 
Pikomoles 3H-dCTP incorporated into "activated" DNA per min per mg of pro tein, thymidine kin ase (TK) and 
deoxycytidine kinase (DCK) activity is given in Pikomoles phosphorylated 3H-TdR or 3H-ara-C per min per mg of 
protein 
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Table 2. Effect of GM-CSF on enzyme activities of Discussion 
DNA polymerase, thymidine and deoxycytidine kinase 

AML blasts NBMMC 

Overall DNA polymerase 

median 80.9 96·7 
range 12·9-210·4 20.6-301.5 
n 46 7 
+GM-CSF 
median 94·1 189.9* 
range 14.7-289.6 36-331.7 

DNA polymerase a 
median 3.1 1.2* 
range 0.04-28·9 0.2-3·2 
n 41 5 
+GM-CSF 
median 5·7 2.2* 
range 0.2-37·7 1.5-6.1 

Thymidine kin ase 

median 6.4 1.9* 
range 1.3-56 1.4-5.6 
n 39 7 
+GM-CSF 
median 7.8 3.6* 
range 1.7-51.3 2.1-6.1 

Deoxycytidine kin ase 

median 9·7 19·5 
range 0.8-44.1 4.6-27.9 
n 40 6 
+GM-CSF 
median 11·3 19·5 
range 0.9-102 9·9-29·7 

Enzyme activities are given in pikomoles/min x mg of 
protein (see "Methods").* = p < 0.05 (Wilcoxon-test) 

Effect of GM-CSF on ara-C incorporation into the DNA. 
Figure 4 depicts the differential effect of GM
CSF on the 3H-ara-C incorporation into the 
DNA. 3H-ara-C uptake into the DNA was deter
mined in 31 AML cases and in sampies from 8 
healthy volunteers. Median 3H-ara-C DNA 
incorporation increased 1.2-1.7 fold after GM
CSF pretreatment. The GM-CSF induced 
increase of the ara-C incorporation into the 
DNA was slightly higher in GM-CSF responding 
AML blasts as compared to NBMMC (median 
2.0 vs 1.7 fold, P < 0.05). 

In previous studies it has been shown that 
hematopoietic growth factors like GM-CSF and 
IL-3 increase the percentage of cycling AML 
blasts in S-phase, favorably affect intracellular 
ara-CTP/dCTP pool ratios in AML blasts as 
compared to NBMMC, increase DNA poly
merase a activity and thereby increase the 
incorporation of ara-C into the blast cell DNA 
[2-17]. These effects are associated with 
increased in vitro cytotoxicity against clono
genie leukemic cells but not against normal 
CFU-GM or CFU-GEMM [9, 10, 12-14]. In the 
present study, we report that GM-CSF pretreat
ment of NBMMC also results in increased DNA 
polymerase a activity and subsequently in an 
enhanced ara-C uptake into the DNA. Ara-CTP 
levels were not affected by GM-CSF priming in 
neither NBMMC and AML blasts. The incorpo
ration of ara-C has been found to closely corre
late with the cytotoxicity of ara-C on clonogenic 
leukemic cells and with its clinical efficacy [20]. 
Interestingly, GM-CSF pretreatment resulted in 
a slightly higher increase of the ara-C DNA 
incorporation at low extracellular ara-C concen
trations (0.06 11M) in GM-CSF responding AML 
blasts versus NBMMC (median increase 2.0 ver
sus 1.7 fold, P < 0.05). In contrast, the median 
increase of DNA synthesis after GMC-CSF treat
ment was higher in NBMMC as compared to 
AML blasts. AML blasts showed significantly 
higher intracellular ara-CTP levels and higher 
median DNA polymerase a values as compared 
to NBMMC. These findings might explain the 
higher GM-CSF induced increase of the ara-C 
DNA incorporation in AML blasts as compared 
to NBMMC. With currently available methods it 
is difficult to directly compare the values deter
mined for AML blasts and NBMMC as AML 
blasts were not directly compared with normal 
bone marrow cells of equivalent degree of matu
ration. However, the results presented in this 
study provide an additional rationale to explore 
the effect of GM-CSF priming in clinical trials 
(21-24) of concurrent treatment with GM-CSF 
and ara-C in AML and suggest that GM-CSF 
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responsive AML cases might benefit of GM-CSF 
pretreatment prior to induction therapy. 
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Intracellular Retention ot Cytosine-Arabinoside-Triphosphate 
in Leukemic Blast Cells trom Children 

J. Boos, M. Schiller, B. Pröbsting, U. Creutzig, and J. Ritter 

Abstract. Pharmacokinetic parameters of intracel
lular Ara-CTP were investigated in 65 children 
with leukemia (50 ALL, '5 AML). Separated 
peripheral or bone marrow blast cells were incu
bated for one hour in Ara-C containing medium 
(1 or 3 I1g/ml) followed by reincubation in Ara -C 
free medium for three hours to determine the 
intracellular formation and retention of Ara-CTP. 

The Ara-CTP retention showed marked dif
ferences in the morphologically classified 
groups at the time of initial diagnosis: non-T
ALL 67±25% (x±SD, n=33), T-ALL 37±15% 
(n = 8) and AML 34 ± 18% (n = 14). The differ
ence between AML (p < 0.0006) as well as T
ALL P < 0.002 and non-T -ALL was significant. 

The maximal accumulation of Ara-CTP (after 
1h incub.), however, was not significantly differ
ent between AML, T-ALL, non-T-ALL and blast 
cells from children in relapse. 

The similar cellular accumulation (Crnax' 1h 
Ara-C incubation) of Ara-CTP in all groups with 
a significantly more rapid decrease (3h without 
Ara-C) in T-ALL and AML represents a pharma
cokinetic rationale for continuous Ara-C infu
sion in these subgroups as an alternative to the 
intensification by HD-Ara-C schedules. 

Introduction 

Cytarabine (Ara-C) is one of the most important 
cytotoxic drugs in the treatment of childhood 
acute leukemia. Dosing and schedules vary 
widely (100 mg/m2124h-3000 mg/m2/3h) and are 
still subjects of intense discussions. 

Cellular uptake and intracellular phosphory
lation to the nucleotide cytosine-arabinoside
triphosphate (Ara-CTP) is the precondition for 
the cytostatic effect of cytarabine. Several stud
ies reported correlation of the leukemic cells' 
ability to build and retain the metabolite Ara
CTP intracellularly with clinical response to 
therapy in AML [1, 2]. Strategies were suggested 
to individualize Ara-C infusion regimens on the 
basis of intracellular Ara-CTP pharmacokinetics 
[1]. The prognostic relevance of intracellular 
Ara-CTP pharmacokinetics depends on the 
applied Ara-C schedule [3]. 

Observations in lymphoblastic leukemias are 
rare [4, 5] and especially in pediatric patients 
missing. Therefore, questions remain regarding 
to pharmacokinetic basis for the optimal dose 
and duration of Ara-C infusions in children with 
AMLandALL. 

Methods 

The intracellular Ara-CTP retention in 65 chil
dren with leukemia (50 ALL, 15 AML) was inves
tigated. 

Peripheral or bone marrow blast cells were 
separated from heparinized sampies by Ficoll
Hypaque centrifugation and then incubated for 
one ho ur in Ara-C containing medium (RPMI, 
10% fetal calf serum, 1 or 3 I1g/ml Ara-C) fol
lowed by reincubation in Ara-C free medium for 
three hours to determine the intracellular for
mation and retention of Ara-CTP. Retention at 
the end of the second incubation period was 
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expressed in % of the Ih level. Under these con- Table 1. Ara-CTP-level following I ho ur incubation 

ditions the Ara-CTP formation could be sup-
pressed by coincubation of dipyridamol non-T-ALL T-ALL AML ALL-Relapse 

(5 J.1g/ml), an inhibitor of the nucleoside 
transport system [7], indicating that the cellular 
uptake was controlled by the carrier system. 

Extraction of the cells following 1 and 1+3 
ho urs of incubation and quantification by high 
performance liquid chromatography was 
described elsewhere [6]. 

Results 

Ara-UP-formation. The maximum Ara-CTP levels 
formed following one hour incubation with 1 
J.1g/ml Ara-C resulted in a wide range of cellular 
Ara-CTP concentrations but did not show any 
significant difference between T -ALL, non-T
ALL, ALL in relapse or AML (see Fig.l and 
Table 1). 

Ara-UP-retention. Intracellular Ara-CTP-retention 
was comparable in common-ALL (65 ± 25%, 
n=30) and the pre-B-ALL subtype (62±24%, 
n = 11, relapses included), both, therefore, were 
summarized as non-T-ALL. 

n 26 8 12 7 
Z 167 225 186 282 

±s 169 144 97 117 
Median 120 162 159 243 

(pMOl!lO mill cells) 

The Ara-CTP-retention showed marked dif
ferences in the depicted morphologically and 
immunologically classified groups: 

The differences between AML as weIl as T
ALL and non-T-ALL were significant (non-T
ALL/AML: p<0.00006, non-T/T-ALL: p< 
0.002). The difference between initially diag
nosed non-T-ALL and non-T-ALL in relapse 
shows a trend with p = 0,07. 

Discussion 

The cellular pharmacology of the cytotoxic 
Cytarabine-anabolite Ara-CTP differs between 
morphological and immunological subtypes in 
blast cells from children with acute leukemias. 

tlultiple Box-and-Whisker Plot 
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Fig.1. Intracellular Ara-CTP concentration following 1 hour incubation with 1 ~g/ml Ara-C 
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The Ara-CTP retention was found to be com
parable in T-ALL and AML and in both groups 
significantly lower than in common-ALL. 

The finding of a low Ara-CTP retention in T
ALL ist in contrast to results from a Japanese 
group [5] who even reported prolonged intracel
lular retention in T -ALL compared to other sub
types. 

The cellular Ara-CTP decreased more rapidly 
in cells from normal bone marrow than in non
T -ALL (see Table 2, Fig. 2) but in the same order 
as in AML and T-ALL. 

A specified amount of Ara-CTP once formed 
within the cells, therefore, will be removed from 
T-ALL and AML cells more rapidly than from 
non-T -ALL cells. Only in non-T -ALL the intracel
lular treatment intensity of a single dose of Ara-C 
will be higher compared to normal bone marrow. 

These differences may provide the basis for a 
favorably tolerated treatment of acute lym-

Table 2. Ara-CTP-retention in leucemic blast cells 

x±s median range n 

non-T-ALL 67± 25% 64% 26-130% 33 
non-T -relapse 51 ± 16% 52% 32-60% 11 

T-ALL 37± 15% 31% 20-60% 8 
AML 34 ± 18% 29% 9-64% 14 
norm. BM 44±24% 37% 22-55% 7 
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phoblastic leukemias with bolus injections of 
Ara-C. In pediatric AML, however, there was a 
clinical benefit from the introduction of contin
uous infusion into the treatment protocol [8]. 
Continuous infusion theoretically should over
co me the short intracellular half-life by continu
ous Ara-CTP formation. 

The formation on the other hand was compa
rable in the different entities. Neither T-ALL nor 
AML showed a significantly lower formation of 
Ara-CTP. Even in relapse no reduction of Ara
CTP formation could be observed. 

The present data give no supporting evidence 
that high Ara-C concentrations are needed to 
overcome resistance on the level of nucleoside 
transport or the phosphokinase activity. 

The pharmacokinetic differences between the 
different entities always concerned the intracel
lular Ara-CTP-retention or the TV2 of Ara-CTP. 
Therefore, the cellular AUC of Ara-CTP follow
ing bolus injection or short term infusion are 
expected to be significant lower in T-ALL, AML 
and ALL in relapse compared to non-T-ALL. 

These data indicate, that first and foremost 
the time of exposure during Ara-C therapy 
might be important and might influence the 
therapeutic effect more than the height of Ara-C 
dosage. 

While most therapeutic protocols tried to 
intensify Ara-C therapy by increasing the doses 

1 5 

Fig.2. Ara-CTP-retention in 1: normal bone marrow, 2: initial non-T-ALL, 3: relapsed non-T-ALL, 4: T-ALL and 
5: AML. (4 and 5 initial, relapses excluded) 
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(HD-Ara-C regimens) during the last years, our 
data indicate, that prolonged duration of Ara-C 
infusions may be a superior intensification 
strategy to dose escalation especially in T-ALL 
andAML. 

Acknowledgement. Supported by Deutsche Forsch
ungsgemeinschaft. 
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The Pharmacokinetics of Epipodopyllotoxins - Clinical Relevance 

K. B. Mross 

Introduction 

Etoposide (VP-16) is a semisynthetic derivative 
of podophyllotoxin, an anticancer drug that has 
been used for more than 1000 years [1]. VP-16 is 
a phase-specific drug, acting in the late S or 
early G2 phases of the cell cyele [2]. The drug 
has been very active in germ cell tumors, small 
celliung cancer, lymphomas and leucemias. For 
many cytotoxic drugs, an escalation of drug 
dosage usually leads to an increased antitumor 
effect. The limited toxicity, primarily myelosup
pression, of VP-16 at the standard dose levels 
(300-500 mg/rn') makes it a suitable drug for 
much higher dosages. In fact the dosages 
administered for preparatory chemotherapy 
regimens in allogeneic and autologous bone 
marrow transplantation for hematologic malig
nancies are 6-10 times higher (60 mg/kg or 3000 
mg/rn'). Nevertheless, the optimal schedule for 
high-dose VP-16 chemotherapy has to be deter
mined. In vitro studies have elearly demonstrat
ed that the duration of cell exposure to 
etoposide dictates the drug's degree oftumorcell 
kill [3]. To achieve the same degree of cell kill in 
e.g. small celliung cancer lines, 100 times the 24 
ho ur incubation dose OfVP-16 was required in a 
1 ho ur exposure [4]. The results within elinical 
trials were similar. In case of five daily infus ions 
of VP-16 in patients with small celliung cancer 
this application mode (5 day split) was greatly 
superior to a 24 hour infusion [5]. In high dose 
regimens containing VP-16 it is a common pro
cedure to administer the total VP-16 drug 
amount within a short infusion time (6-10 
hours) [6]. The most fundamental question 

relates to the optimal schedule of etoposide in 
the high dose setting. It is possible that the opti
mal etoposide schedule and dose varies from 
patient to patient and tumor to tumor depend
ing on the intra-individual capacities for elear
an ce and metabolization and on the variable 
proportion of cyeling cells open to attack by 
such a phase-specific action of VP-16. Within 
the bone marrow transplantation (BMT) project 
of the University Hospital in Hamburg the phar
macokinetic of three different schedules for 
high-dose VP-16 was studied in patients, receiv
ing etoposide, cyelophosphamide and busulfan 
as conditioning chemotherapy regimen before 
BMT. Three sequential pharmacokinetic studies 
have been performed using different schedules 
for VP-16 administration for patients with 
hematological malignancies. The first study con
sisted of a 6 hour infusion schedule, the second 
investigation used a 34 hour infusion schedule 
and the third tested a 3-day regimen with 1 hour 
infusions every 24 ho urs. 

Patients and Methods 

Totally 23 patients have been entered into the 
three pharmacokinetic studies. 9 patients 
received a 6 hour infusion, 7 patients received a 
34 hour infusion and 7 patients received three 1 
hour infusion in daily intervalls. The patients 
had different diagnosis (AML, ALL, CML, NHL, 
HD and MDS). The mean age was 40 years rang
ing from 15 to 55 years. 15 patients received an 
allogeneic and 8 patients an autologous bone 
marrow. The supportive care was identical in all 
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patients, all were isolated in laminar air flow 
rooms, receiving the same drugs: ciprofloxacin, 
amphothericin B for gut decontamination, cotri
moxazole for pneumocstis carinii prophylaxis, 
metoclopramide and dexamethasone as antie
metics, phenytoin as seizure prophylaxis, and 
ceftazidime and vancomycin + / - tobramycin 
in case of fever; in case of persisting fever 
amphothericin B was administered if fungal 
infection was suspected. Red blood cells and 
platelet infus ions were given when necessary. 
GVDH prophylaxis for allogeneic transplant 
recipients consisted of cyclosporin A and pred
nisone or methothrexate starting one day before 
BMT took pI ace. 

Treatment. VP-16 was administered at doses of 
30-45 mg/kg at day - 4 in case of a 6 hour infu
sion, at days - 4 and - 3 in case of a 34 ho ur 
infusion and at days - 5, - 4 and - 3 in case of 
the daily 1 hour infusion on three consecutive 
days. Busulfan was given orally at a dose of 1 
mg/kg every 6 hours on days - 8 to - 5. 
Cyclophosphamide was administered at a dose 
of 60 mg/kg as 1 hour infusion on days - 4 
and -3. 

Blood sampies. Blood sampling (10 ml hepari
nized) was performed before VP-16, during VP-
16 administration and after the end of the 
infusion up to two days after the BMT resulting 
in total numbers of blood sampies between 24 
and 30. Sampies were centrifuged on the ward 
and stored in the refrigerator until plasma sam
pIes were aliquotted and stored in the freezer 
until analysis was performed. 

HPLC assay for the determination of VP-16. A solid-liq
uid extraction procedure with CN-material filled 
cartridges was used. VP-16 was separated by use 
of a CN-material filled analytical column and 
quantified by evaluations of signals from the 
electrochemical detector. The lowest amount of 
VP-16 detectable in a 1 ml plasma sampie was 50 
ng/ml. For a detailed assay characteristics see 
reference [7]. "Free" VP-16 levels (not bound to 
protein respectively albumine) were determined 
by use of ultrafiltrate sampies. 1 ml plasma was 
centrifuged through a membrane filter integrat
ed into a centrifuge tube (Centrisart, Sartorius, 
Göttingen, FRG). The assay procedure was vali
dated according to good laboratory practice 
(GLP) rules. 

Toxicity. The hematologic toxicity was monitored 
daily by complete blood counts. Toxicities were 
graded using a score system developed at the 
BMT center in Seattle. 

Pharmacokinetic calculations. All concentration ver
sus time curves were analyzed with a pharmaco
kinetic data analysis system named TopFIT [8]. 
All c(t)-curves were fitted according to a three
compartment model because of the results of 
the inbuilt statistics (F-ratio test, Akaike 
Information Criterion (AIC) and analysis of the 
residuals) which gave best results by use of this 
model type. All grafic and statistical evaluations 
(t-test: grouped data) were performed with the 
program FigP (Biosoft, Cambridge, England). 

Results 

The c(t)-curves showed a high inter-patient 
variability. Typical curves for the three applica
tions modes can be seen in Figures 1-6. Patients 
with short and long elimination phases (termi
nal half-life) are shown. The figures show the 
total as weIl as the "free" VP-16 levels in plasma 
and ultrafiltrate sampies. 

The terminal half-life, mean residence time 
(MRT), volume of distribution at steady state 
normalized to 1 kg BW, (Vss), plasma clearance 
normalized to 1 m2 BSA (Clp) and area under the 
curve normalized to 30 mg/kg (AUC) values are 
given in Table 1. The pharmacokinetic parame
ters in case of 6 hour and 34 hour infusion were 
not significant different whereas the AUC, Vss 
and Clp were significantly different in case of 
the split mode application when compared 
either with the 6 hour infusion or the 34 hour 
infusion mode (Table 2). 

VP-16 was detectable in 60% of all patients at 
the time of bone marrow transplantation. The 
blood levels of VP-16 at that time point varied 
between 80 to 820 ng/ml. 

The overall time in ho urs for different VP-16 
blood levels (0,05, > 0.1, > 1, > 10 and > 100 
Ilg/ml) are given in Table 3. The time (days) of 
leucocyte levels < 0.2, < 0.5 and < 1.o/nl in 
patients receiving allogeneic bone marrow relat
ed to the used VP-16 schedule is given in 
Table 4. 

The time of detectable plasma levels was 
longest and significant different in case of the 34 
hours infusion and in the 3 day split application 
mode when compared to the 6 hour infusion. 
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Figs.l and 2. C(t)-curves of VP-16 (6-
hour infusion) 
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The longest aplasia and therefore greatest 
myelotoxicity was seen in case of the 3 discrete 
daily VP-16 pulses despite of the lowest systemic 
drug exposure and highest systemic clearance of 
this mode of application. 

VP-16 plasma free sampies (ultrafiltrate) 
showed that only a very minor part of about 1 to 
3% of the total dose is "free" VP-16; most of the 
VP-16 is bound to protein (albumine). In case of 
the split mode the "free" fraction of VP-16 was 
twice the value obtained after a 34 hour infu
sion. At the time of BMT no "free" VP-16 was 
detectable in plasma sampies. 

Discussion 

The results of these three pharmacokinetic stud
ies [9-111 are interesting in several aspects. The 
volume of distribution as weil as the systemic 
clearance of VP-16 is comparable to what was 
described in the literature (see in [7, 10]). A 
large variation of the pharmacokinetic parame
ters were found within each study and between 
studies. The elimination half-life which is longer 
than expected depends on the sensitivity of the 
used assay and different sampling periods. The 
assay used for the present study is sensitive 



Figs.3 and 4. c(t)-curves of VP-16 (34-
hour infusion) 
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(much more than e.g. UV-detection) and the 
sampling period in this study was long enough 
to ensure precise determinations of the terminal 
half-life. In general the more sensitive assays use 
more complex models for pharmacokinetic 
analysis, consequently the half-life increases 
with the number of compartments used in the 
model. The majority of the pharmacokinetic 
studies of VP-16 have used a two-compartment 
model with a median half-life of 5.6 ho urs and, 
as anticipated, studies using three-compartment 
analysis have calculated longer terminal half
lives. The clinical relevance of using multicom-

o 25 50 75 100 125 150 175 200 

time (hl 

J 

partment analysis for calculating the terminal 
half-life of VP-16 has yet to be ascertained. The 
elimination phase represents only 7 ± 5% of the 
total drug exposure (AUe). If this small part of 
the total drug exposure is important for anti
cancer activity remains unknown. 

The administration ofhigh dose VP-16 within 
6 hours is hampered by a large fluid volume 
because it is a common procedure to dilute 
VP-16 which is delivered in a complex solvent, 
highly concentrated (20 mg/mI) solution. This 
problem can be overcome by administration of 
the concentrated solution which is bioequivalent 
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Table 1. Pharmacokinetic results of three different schedule for high·dose VP'16 
administration 

6h·infusion 34h· infusion 3 x 1h·infusion 

9 7 7 
t l /21 (h) 20.1 ± 12.8 20.8 ± 12.3 38.2±24·3 
MRT (h) 5·6 ± 1.5 5.2± 1.1 9.0±2.8 

V" (L/kg) 0.19 ±0.08 0.14±0.04 0·42±0.22 
Clp (ml/min/m*) 21.8±7·6 19.1 ±2.6 28.5 ±8.0 
AUC (Ilg/ml)h 1051 ±344 1064±199 706.0 ± 181 
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Table 2. Statistics of the pharmacokinetical comparisons 

6h vs 34h 6h vs 3 x 1h 34hvS3 X 1h 

t1hy not significant P<0.01 not significant 
MRT not significant not significant P<0.05 
V" not significant P<0.05 P<0.05 
Clp not significant not significant P<0.05 
AUC not significant P<0.05 P<0.05 

Table 3. Time ofWBC below three cut-offlevels. (Only allogene
icBMT) 

WBC counts 6h -infusion 34h-infusion 3 x 1h -infusion 

< 0.2 x lO'IL 4±4 8±3 12±4 
< 0.5 x lO'IL 8±3 1O±3 14±4 
< 1.0 x lO'IL 12±4 14±4 17±4 

Table 4. Time in hours for different VP-16 blood levels 

Blood levels 6h-infusion 34h -infusion 3 x 1 h -infusion 

> 0.05 /lg/ml 
> 0.1 /lg/ml 

79±21 
76±24 
32 ±8 
13±3 
3±2 

U4±39 
101 ±35 
45±4 
35 ±1 
o±o 

134 ± 28 
u6 ±34 
41±20 
19±7 
o±o 

> 1.0 /lg/ml 
> 10.0 /lg/ml 
> 100.0 /lg/ml 

in pharmacokinetic terms [9,12-13]. It is known 
from cell culture experiments as weil as from 
elinical trials in the normal dose range that for 
the same cell kill in cancer cell lines, 100 times 
the dose of etoposide is required in a 1 hour 
exposure compared to a continuous incubation. 
This is consistent with the fact that VP-16 is a 
phase-specific drug. Results from cell culture 
experiments using original plasma sam pies of 
this pharmacokinetic study for CFU-C measure
ments indicate, that 0.38 Ilglml in plasma leads 
to an inhibition of 50% of the progenitor cells 
[14,15]. In case of absence of albumine the IOD is 
much lower as it was 0.01 Ilg/ml [16]. A signifi
cant correlation (p< 0.05) between the CFU-C 
inhibition and the VP-16 concentration at the 
time of BMT as weil as a significant correlation 
between the CFU -C inhibition at the time of 
BMT and the duration of time to an increase of 
WBC> 0.2 X 109/L was found. Patients with a 
long terminal half-life of VP-16 due to e.g. a 
reduced plasma elearance which leads to a sig
nificant VP-16 plasma level at the scheduled day 
of BMT have a higher risk for a prolonged apla-

sia time [15]. VP-16 drug monitoring (TDM) can 
help to reduce such risk and will be recom
mended. 

The complete administration of the total 
drug amount within the shortest possible time is 
probably not the best schedule to reach the 
greatest efficacy in cancer cell kill. Cell cyele 
kinetics of tumor cells do not support such a 
procedure. Even more important than the cell 
cyele stage of tumor cells seems to be the prolif
erative state. Proliferative states may inelude a 
cyeling or proliferative subpopulation, a non
cyeling or quiescent subpopulation and a non
proliferating subpopulation destined to death. 
The greatest antitumor cell activity was ob
served in exponentially growing cells, non-pro
liferative cells were also killed as dose or drug 
exposure time OfVP-16 was increased. 

The measured myelotoxicity after 6 hour 
infusion of VP-16 is significantly less than after 
the split mode of administration. The 6 times 
longer infusion time (34 hour infusion) is in 
pharmacokinetic terms (AUC, Vss and Clp) 
identical with the 6 hour infusion. The only 
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difference is the total time of detectable plasma 
levels, whieh is longer. Concentrations > 10 
Ilg/ml are twiee longer if compared to the 6 ho ur 
infusion or to the split mode. Nevertheless, the 
myelotoxicity in patients treated with 34 hour 
infusion was not different if compared with the 
6 hour infusion mode. 

The 3 day administration mode offered three 
discrete, daily 1 hour pulses of VP-16 with a sig
nificant lower systemie exposure, a significant 
higher plasma clearance and a significant higher 
volume of distribution for etoposide. This 
schedule showed the greatest myelotoxicity with 
the longest aplasia time (at different leucocyte 
count thresholds). The pulsed administration 
mimies two different conditions: for a short 
respectively intermediate time high concentra
tions of a cytostatic agent as weH as sustained 
low plasma levels. These features are optimal for 
a phase specific anti-cancer drug and to over
co me resistance. 

The reason for the higher Vss, the lower AUC 
and the greater Clp is not clear. The pharmaco
kinetic results were determined by use of the 
third VP-16 administration of the three day split 
mode to calculate the terminal phase correct. 
For the calculations 1/3 of the total dose was 
used which was 10-15 mg/kg. Nonlinear phar
macokineties from about 15 mg/kg upwards 
would offer an explanation. Saturation effects 
for excretion, metabolization and tissue binding 
are factors which can influence the pharmaco
kineties in these high dose ranges. 

Up to now there is only one possible pharma
codynamie explanations for the greater efficacy 
in terms of different myelotoxicity: the presence 
of three separate daily exposures to VP-16. 
There was no greater duration of low plasma 
concentrations of drug > 1.0 Ilglml in favour of 
one of the used schedules. The AUC which is the 
real drug exposure for the patient is obviously 
not the only determinant relevant for toxicity 
and for anticancer activity. 

Still another point is the high and very vari
able amount of VP-16's binding to albumine 
[17]. The protein binding of etoposide is of such 
an order that it is likely to influence not only 
their pharmacokinetics in vivo, but also their 
cytotoxic effects. The "free" amount of VP-16 is 
very low (less than 5%). We have found in case 
of the split mode twice as much "free" VP-16 
when compared to the 34 hour or 6 ho ur infu
sion mode. A significant higher amount of 
"free" VP-16 would offer another explanation 
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for the differences in the myelotoxicity because 
"free" VP-16 is much more toxic than protein
bound VP-16. If the amount of "free" VP-16 is 
important for the antieancer activity, the higher 
"free" VP-16 fraction after the split mode would 
favour such a pulsed application mode. Within 
this context it is worthwhile to mention the inhi
bition of the formation of Ara-CTP, the intracel
lular phosphorylated Ara-C whieh is the 
prerequisite for its cytotoxie effects, by VP-16 in 
in-vitro studies [18]. This phenomenon can only 
be observed in the presence of "free" VP-16. 
In-vitro and invivo studies have shown that the 
high degree of protein (albumine) binding 
invivo (> 96%) offsets the inhibitory effect on 
Ara-CTP formation [19]. The influence OfVP-16 
on ARA-C metabolism, shown in vitro, is a con
centration-dependant event occurring when the 
ceHs are exposed to high levels of "free" drug. 
Therefore one can conclude that VP-16 adminis
tration to the patient has no adverse effect on 
Ara-C efficacy in case of a high albumine bound 
VP-16 fraction. 

Another interaction with large influence on 
the pharmacokineties of VP-16 is the co-admin
istration of cyclosporin A. Resistance related to 
the multi drug resistance (MDR) gene and its 
gene product the drug efflux pump p-glycopro
tein 170 (Pg-170) affects aH natural anti-cancer 
drugs including VP-16. Several drugs (e.g. vera
pamil, tamoxifen, amphoteriein B, cyclosporin 
A and others) can inhibit partly or complete this 
efflux pump in resistant cancer cells [20]. It was 
recently shown that cyclosporin A at steady 
state concentration of> 2000 ng/ml increases 
VP-16 systemie exposure and hematologieal tox
icity. The AUC OfVP-16 was nearly doubled, the 
renal and non renal clearance was reduced whieh 
is consistent with inhibition of the multidrug 
transporter p-glycoprotein in normal tissue (in 
the liver and in the kidney) [21]. In case of 
implementation of resistance modifying agents 
(RMA's) into therapeutic concepts within high
dose regimen, careful pharmacokinetie and 
dynamie studies are necessary. 

Conclusion 

VP-16 has a long terminal half life, this can lead 
to significant VP-16 blood levels at the planned 
time of BMT. In case of detectable blood levels 
at the time of BMT, a longer aplasia phase is 
possible. The toxicity is schedule-dependant. 



Three separate daily exposures to VP-16 are 
more toxie despite lower AUC if compared to 34-
hour or 6-hour infusions. The administration of 
high-dose VP-16 should be done in a split mode 
to optimize the anticancer efficacy. In case of 
implementation ofRMA's into conditioning reg
imen drug monitoring is highly recommended. 
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Targeted Drug Therapy in Childhood Acute Lymphoblastic Leukemia 

Mary V. Relling, Ching-Hon Pui, and William E. Evans 

Introduction 

Pediatric acute lymphoblastic leukemia (ALL) is 
one of the most drug-responsive cancers, with 
approximately 70% of children being cured with 
chemotherapy alone (Pui and Crist, 1994). 
Focussing on the collective good responsiveness, 
however, may obscure the fact that there remain 
children who are not cured, and there are chil
dren who experience excessive toxicity from 
regimens that are weil tolerated by the majority 
of children. Of the many factors that can affect 
how an individual responds to a particular ALL 
treatment regimen, one factor may be variability 
in the pharmacokinetics of antineoplastic 
agents. We describe herein our studies of 
whether overall clinical outcome is related to 
pharmacokinetic variability. 

Background and Rationale 

Several studies have suggested that disease-free 
survival of children with ALL is related to the 
pharmacokinetics of drugs that constitute a 
major component of treatment regimens. In our 
Study X for childhood ALL, a major component 
of therapy was 15 courses of high-dose 
methotrexate (1 g/m2 over 24 hours), given in 
the first 72 weeks of continuation therapy. 
Relapse-free survival was significantly better in 
a group of 49 children whose median metho
trexate CPss exceeded 16 11M, compared to a 
group of 59 children whose median steady-state 

plasma concentration (CPs'> was< 16 11M (Evans 
et al. 1986). Moreover, children with higher 
methotrexate CPss had a significantly better con
tinuous complete remission rate at 4 years 
(74%) than a historic control group (50%) who 
received similar therapy but no high-dose 
methotrexate (P=.004) (Evans et al. 1987; 
Abromowitch et al. 1988), suggesting that the 
addition ofhigh-dose methotrexate is an impor
tant component of ALL regimens. The clinical 
antileukemic effect of high-dose methotrexate 
has also been suggested by Feickert et al. (1993), 
who reported improved event-free survival in 
children with T-cell ALL treated in a BFM regi
men with 5 g/m2 compared to 0.5 g/m2• Notwith
standing these observations, methotrexate Cp" 
was not a prognostic indicator in patients with 
low-risk ALL (Camitta et al. 1989; Evans et al. 
1990). Thus, the intensity of methotrexate treat
ment (e.g., systemic exposure) may be of great
est importance in the subgroup of patients at 
higher risk of treatment failure. 

Teniposide (VM26) pharmacokinetics have 
also been shown to be of prognostic importance 
in a relatively small Phase I-lI trial of escalating 
doses of teniposide (Rodman et al. 1987). In that 
study, 28 children, 13 of whom had relapsed 
ALL, were treated with teniposide at 300 to 750 
mg/m2 as a 72 ho ur continuous infusion. Both 
tumor response and toxicity were positively cor
related with teniposide CPss' while there was no 
significant relationship between dose and the 
same parameters. Most of the antitumor 
responses were found in the children with ALL, 
with the responses being more common in those 
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with teniposide Cp" > 12 mg/I. The substantial 
variability (4-6 fold) in clearance among 
patients resulted in wide overlap of systemic 
exposure at various dosage levels, rendering it 
difficult to recommended a Phase III dosage that 
would be optimal for all patients. 

Another key component of continuation 
therapy for ALL is daily treatment with 6-mer
captopurine (6MP). In the United Kingdom's 
ALL (UKALL) trials VIII and X, oral 6-mercap
topurine and weekly methotrexate comprised 
the major components of therapy (Lennard 
et aI. 1989). Red blood ceU intracellular concen
trations of 6-thioguanine nucleotides (active 
metabolites of 6-mercaptopurine) were evaluat
ed as indicators of 6-mercaptopurine systemic 
exposure in 120 children. When children were 
divided into those whose 6-thioguanine 
nucleotide concentrations were greater than 
versus less than the median in the population, 
those children with higher 6-thioguanine nuc
leotides had a significant improvement in their 
long-term disease-free survival (Lennard et aI. 
1989). In a multivariate analysis, only red cell 6-
thioguanine nucleotides, leukocyte count at 
diagnosis, and sex were significant predictors of 
relapse-free survivaI. 

Thus, there is evidence that estimates of 
increased systemic exposure to anticancer 
drugs, given either chronically or in intermittent 
pulse fashion, are predictive of improved dis
ease-free survival in children with ALL. 

Prospective Trial at St.Jude Children's 
Research Hospital 

Although retrospective studies suggested a 
pharmacodynamic relationship for antileukemic 
drugs, it is not known if it is feasible and effec
tive to prospectively adjust doses of antineoplas
tics to achieve a target level of systemic 
exposure in children with ALL. Thus, we 
designed a Phase II trial (Study XII) of child
hood ALL to adaptively control systemic expo
sure (i.e. AUe) for each intermittent pulse 
treatment of antineoplastics (Evans et al. 1991a). 
This randomized trial was designed to test the 
efficacy and toxicity of targeting systemic expo
sure versus conventional dosing methods. After 
a six-drug induction regimen (prednisone, vin
cristine, asparaginase, daunorubicin, teniposide 
and cytarabine), continuation therapy was given 
as weekly methotrexate (40 mg/rn') and daily 

oral 6-mercaptopurine (75 mg/m'/day) for 120 
weeks, interrupted by five pulses of methotrex
ate (conventional dose = 1.5 g/m') alternated 
every 6 weeks with five pulses of teniposide (200 
mg/rn') plus cytarabine (AraC) (300 mg/rn') for 
the first year of therapy. ImportantIy, the con
ventional dose of methotrexate was chosen so 
that the average methotrexate Cpss would 
exceed the 16 J..lM plasma concentration, which 
has been associated with favorable outcome in 
our previous study (Evans et aI. 1986). Thus, the 
study was not biased toward under-treatment in 
the conventional arm. Likewise, the doses of 
teniposide and cytarabine were chosen so that a 
patient with average clearance of both agents 
would have an exposure expected to have an 
acceptable (but not a negligible) degree of toxic
ity. Moreover, the target AUC for teniposide was 
that associated with a higher probability of 
oncolytic response in our prior Phase I-II study 
(Rodman et al.1987). 

The major objective in the targeted arm was 
to avoid low systemic exposure (lowest 50th per
centile, i.e. "below average") in children whose 
clearance of these agents was in the highest 50th 
percentile, and to avoid unusually high exposure 
(top 10th percentile of AUC) in those with very 
low clearance. The expected range of clearance 
(and thus AUC) estimates was based on several 
prior studies of methotrexate, teniposide, and 
cytarabine disposition in children (Sinkule 
et aI. 1983, 1984; Evans et al. 1986; Rodman 
et al. 1987). Our goal was to avoid both sub-ther
apeutic and unusually high systemic exposure to 
the anticancer drugs comprising the pulse thera
py. Although dosages of the weekly low-dose 
methotrexate and daily 6-mercaptopurine were 
not adjusted based on patient pharmacokinetics, 
red blood cell methotrexate polyglutamates and 
6-thioguanine nucleotide metabolites were 
monitored at least 3 times per year in all chil
dren for their entire 120 weeks of continuation 
therapy. Interestingly, two of the 188 patients 
enrolled on Total XII (one received convention
al and the other targeted therapy) were found 
to be phenotypically deficient in thiopurine 
methyltransferase, one of the key enzymes in the 
metabolism of 6-mercaptopurine (Evans et al. 
1991b). Thus, both these children required a 
substantial reduction in 6-mercaptopurine 
dosages, allowing essentially normal delivery of 
their teniposide/cytarabine and methotrexate 
pulse therapy and weekly low-dose methotrex
ate injections. 



Methotrexate was given as a 200 mg/m2 intra
venous (IV) loading dose over 1 hour and fol
lowed by 1300 mg/m2 over the next 23 hours. 
Appropriate hydration, alkalinization, and 
leucovorin rescue were given. methotrexate was 
assayed in plasma sampIes obtained pre-dose 
and at 1, 6, and 23 hours from the start of each 
methotrexate infusion. In the 50% of children 
randomized to the targeted arm, methotrexate 
concentrations at 1 and 6 hours were used to 
estimate clearance and the predicted epss' and 
dosage adjustments were made by hour 8 of 
each 24 hour infusion. Pharmacokinetic para
meters were estimated using a Bayesian algo
rithm and a two-compartment model (Evans 
et al. 1991a), using a modification of the ADAPT 
software (D' Argenio and Schumitzky, 1979) 
(USe, Los Angeles, USA). Parameter estimates 
were used to determine the infusion rate neces
sary to achieve a predicted AUe within the tar
get range, which was 640 to 900 IlM·hr. If the 
predicted AUe was within this range, no dosage 
adjustment was made, and the conventional 
dosing rate continued. ehildren with very low 
clearance estimates (about 10% of the popula
tion), such that their predicted Aue was> 900 
IlM·hr, had areduction in infusion rate to 
achieve the target AUe of 800 IlM·hr. However, 
the rate was not decreased to such an extent that 
the predicted epss would be < 20 IlM. ehildren 
with clearance estimates higher than the popula
tion median, such that their predicted Aue 
was< 640 IlM·hrs, had a rate increase (8 ho urs 
into the infusion) to achieve the target AUe of 
800 IlM·hr. In order to evaluate the achieved 
systemic exposure, pharmacokinetic parameters 
were estimated again using the 1, 6, and 23 hour 
methotrexate plasma concentrations and the 
Bayesian algorithm described above. This clear
ance estimate was then used to determine 
whether the patient would be predicted to 
achieve an AUe in the target range if they were 
given 1500 mg/m2 • If their clearance was estimat
ed as either too high (> 86 mllmin/m2 ) or too 
low ( < 61 mllmin/m2), then a dose for the subse
quent course was chosen to achieve the target 
Aue of 800 IlM·hr. The same process of mea
suring methotrexate plasma concentrations, 
estimating clearance, and adaptively controlling 
infusion rates was repeated with each of the 5 
courses ofhigh-dose methotrexate. 

Teniposide and cytarabine were administered 
as concurrent 4 hour IV infus ions on day 1 and 
day 3, every 12 weeks. In May of 1991, the proto-

col was amended to administer teniposide and 
cytarabine only on day 1 every 12 weeks, to 
decrease the frequency of fever and neutropenia 
following the teniposide/cytarabine pulses and 
to avoid the possible schedule-dependent risk of 
secondary acute myeloid leukemia following 
epipodophyllotoxin therapy (Pui et al. 1991). 
The conventional dose (and starting dose in the 
targeted patients) of teniposide was 200 mg/rn" 
with 45% of the dose (90 mg/m2 ) given over 
1 ho ur, and the remainder given over the follow
ing 3 hours. The conventional dose of cytarabine 
was 300 mg/rn" given as a 30 mg/m2 loading 
dose IV push, with the remainder given as an IV 
infusion over the next 4 ho urs. Blood sampIes 
were obtained in all children with both Day 1 
and Day 3 (when applicable) doses at 1 and 3 
hours (both during the infusions), 8 hours, and 
approximately 20 ho urs from the start of the 
infusions, and assayed by separate HPLe assays 
for cytarabine and teniposide (Sinkule et al. 
1983, 1984; Relling et al. 1992). elearance was 
estimated as described above; a one-compart
ment model using the 1 and 3 ho ur concentra
tions was used for cytarabine and a 
two-compartment model with all 4 concentra
tions was used to obtain teniposide clearance 
estimates. For teniposide, the AUe target range 
was 400-500 IlM·hr per dose, with the target 
Aue being 450 IlM·hr. For cytarabine, the Aue 
target range is 25-57 IlM·hr per dose, with the 
target Aue being 42 IlM·hr. For children ran
domized to the targeted therapy, as for 
methotrexate, if the clearance estimates were 
such that the conventional dose would be pre
dicted to produce an Aue within the target 
range, no dosage alteration was made for the 
subsequent dosages. If the clearance estimates 
were too high (> 49.3 lIhr/m2 for cytarabine 
or> 12.7 mllmin/m2 for teniposide) or too low 
( < 21.6 lIhr/m2 for cytarabine or< 10.2 mll 
min/m2 for teniposide), the doses were appro
priately adjusted with the next course. The 
process of measuring teniposide and cytarabine 
plasma concentrations and estimating clearance 
was repeated with every dose of every course, so 
that doses were continuously controlled adap
tively in the targeted cases. 

Some dosage adjustments were not based 
entirely on patient pharmacokinetics. For all 
children (conventional and targeted), if a child 
had two consecutive pulses that were followed 
by unacceptable toxicity, the dose was reduced 
by 25% from the toxic dose for all subsequent 



courses. Moreover, for teniposide and cytara
bine (for which no rescue agent was available), 
the maximum dosage increase and decrease 
between any two dosages was 50% and 25%, 
respectively. 

Preliminary Results 

Because many patients remain on therapy, a full 
analysis of toxicities and long-term efficacy in 
the targeted versus the conventional arms is not 
yet available. However, the procedure of adap
tively controlling systemic exposure to chemo
therapy has proven to be feasible. Wehave now 
performed these dosage adjustments in over 425 
courses of methotrexate and over 680 doses of 
teniposide/cytarabine. Adverse effects have been 
similar in the targeted and conventional arms, 
despite the fact that the average doses of 
methotrexate, teniposide, and cytarabine are 
about 1.4 times higher in the targeted arm for all 
3 drugs. Although not yet proven, this equiva
lent tolerance between the two arms probably 
results from the avoidance of unnecessarily high 
AUC in the children on the targeted arm who 
have clearances in the lowest 10th percentile. 

As anticipated, our preliminary analysis indi
cates that the target AUC was achieved in signi
ficandy more courses for the targeted arm than 
in the conventional arm for all three drugs: 87'Yo 
versus 38% for methotrexate, 60% versus 42% 
for teniposide, and 62% versus 41% for cytara
bine (all p < .0001 by chi square test). Thus, we 
were successful in achieving AUCs within the 
target range in the majority of patients on the 
targeted arm, and the distribution of AUCs 
achieved in the conventionally treated cases was 
as expected. 

In summary, it is feasible to adaptively con
trol patients' exposure to multiple anticancer 
drugs in a Phase III trial using limited sampling 
and a Bayesian algorithm to estimate clearances. 
Moreover, it is possible to avoid both very high 
and low systemic exposure in patients by this 
control strategy. Whether there are any long 
term-differences in overall toxicity or efficacy 
awaits longer follow-up. 
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Asparagine Levels in (hildren on E. (oli
and Erwinia-Asparaginase Therapy 

J. Boos', G. Werber', E. Verspohl', E. Ahlke', U. Nowak-Göttl" and H. Jürgens' 

Abstract. Asparaginase preparations from differ
ent biologieal sources are in therapeutical use. 
Questions remain regarding the comparability 
of pharmacodynamie effects. Therefore, blood 
concentrations of L-asparagine were monitored 
during therapy with Escherichia-coli asparagi
nase (Asparaginase Medac™, E.coli-asp) and 
Erwinia-caratovora asparaginase (Erwinase Por
ton, E-asp) on treatment according to the study 
ALL/NHL-BFM 90. 

Erwinia-asparaginase was applied in case of 
allergie reaction to E.coli-asparaginase. The dose 
administered was 10000 U/m2 0n days 8,11,15 and 
18 of protocol H. 6 children with E.coli-asp and 6 
with E-asp were compared. SampIes were taken 
immediately prior to application and the con
centrations were monitored by HPLC. 

With E.coli-asp asparagine levels were main
tained above the detection limit « 0,1 IlM) 
throughout therapy in only one child (0.08-0.2 
IlM), but there was no child with complete 
depletion in the E-asp group. The range was 
0.18-92 IlM on day 18 and 0.8-80 IlM on day 22 

in children receiving E-asp. The intensity and 
duration of asparagine depletion were signi
ficantly pronounced in children receiving 
E.coli-asp. 

This finding may be due to the shorter bio
logical half-life of E-asp and crossreacting anti
bodies might partly inactivate Erwinia-asp in 
children allergie to E.coli-asp. Therefore, substi
tution of different asparaginase preparations 
should take pharmacokinetic differences into 
ac count, and pharmacodynamie monitoring is 
warranted. 

Introduction 

L-asparaginase is a potent antileukemic enzyme 
used routinely in the treatment of acute leu
kemia in children. The enzyme catalyses the 
hydrolysis of L-asparagine into L-aspartic acid 
and ammonia [1]. 

Most tissues possess L-asparagine synthetase 
but leukemie lymphoblasts are thought to 
depend on exogenous asparagine related to a 
lack of L-asparagine-synthetase activity in sensi
tive cells [2]. Asparaginase therapy, therefore, 
aims at complete depletion of L-asparagine in 
plasma. 

Asparaginase preparations from different 
biologieal sources are in therapeutieal use. The 
original source for therapeutie use is the bacteri
um Escheriehia coli but L-asparaginase obtained 
from Erwinia caratovora is commercially avail
able as an alternative. 

In the event of adverse reactions substitutions 
are widely used. Questions remain regarding the 
comparability of pharmacodynamie effects. 

Patients 

According to protocol ALL/NHL-BFM-90 thera
py is initiated with E.coli-asparaginase (medac 
GmbH) and in case of allergie reaction substi
tuted by Erwinia-asp (Erwinase Porton). All 
children underwent pharmacodynamic moni
toring including serum asparagine (asn) levels. 
6 children treated with E.coli-asp and 6 with 
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Erwinia-asp could be compared during consoli
dation therapy (protocol II). The dose adminis
tered was 10000 V/m2 on days 8,11,15 and 18 of 
the protocol. Additional chemotherapy consist
ed of dexamethasone (daily), vincristine and 
adriamycin (once weekly). 

Methods 

Sampies were taken immediately prior to the 
asparagin ase application and if possible on ad
ditional days. Sampies were centrifuged im
mediately, deproteinized with sulfosalicylic acid 
within 15 minutes and frozen< 80 oe. 
Asparagine was analyzed by HPLC following 
precolumn derivatization with o-phthaldialde
hyde (OPA) according to Lenda and Svenneby 
[3). The limit of detection is < 0,1 J..lM. There
fore, all sampies with undetectable amounts are 
represented as values of 0.1 J..lM in Figure 1. 

Results 

In the group of children treated with Erwinia
asparaginase there was no child (0/6) with com
plete depletion « 0,1 J..lM) of L-asparagine in the 
serum. The range was 0.18-92 J..lM on day 18 and 
0.8-80 J..lM on day 22 in these children. In one 
child no change could be observed and the 
L-asparagine remained normal. 

Vnder E.coli-asparaginase the L-asparagine 
levels remained measurable during therapy 
(0.08-0.2 J..lM) in only one child. 

11M asparagine 

The intensity and duration of L-asparagine 
depletion were significantly pronounced in chil
dren receiving E.coli-asparaginase. 

Discussion 

We observed a marked difference in the deple
tion of L-asparagine between children treated 
with E.coli- and Erwinia-asparaginase. 

While the depletion was complete with E.coli
asparaginase, there was a wide range of aspara
gine-levels in children treated with Erwinia
asparaginase. In one child L-asparagine levels 
remained normal. 

Two aspects may contribute to this observa
tion: 

1. According to Asselin et al. the biologieal 
half-life of Erwinia-asparaginase is significantly 
shorter than that of E.coli-asparaginase [4). In 
theory, substitution of a drug with a half-life of 
1.3 days by one with a t'/2 of 0.6 days requires 
changes in dose or interval of application. 

2. The 6 children treated with Erwinia
asparaginase had shown allergie reactions to 
E.coli-asparaginase in the preceding induction 
phase of the protocol. None of them, however, 
had clinical signs of adverse reactions during 
the monitored consolidation therapy. 

Crossreacting antibodies, however, might 
partly inactivate Erwinia-asparaginase in chil
dren allergie to E.coli-asparaginase. 

In conclusion, substitution of different 
asparaginase preparations should take pharma-

1.000 -r-------------------------, 

100 

10 

0,1 

68 

........ 

,:-

- 0- Erwlnla-Asparaglnase "* coll-asparaglnaae 

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 

day of protocol, applications day 8,11,15,18 

Fig. 1. L-Asparagine levels in pati
ents with Erwinia -asparaginase or 
E.coli -asparaginase 



cokinetie differences into account, and pharma
codynamie monitoring is warranted. 
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Introduction 

The limited curative potential of conventional 
chemotherapy in patients with acute myeloid 
leukemia (AML) has directed attention to iden
tification of cellular mechanisms contributing 
to treatment failure. Intrinsic and/or acquired 
resistance to antineoplastic remains a dinieal 
challenge for patients with poor-risk AML and 
relapsed patients. Multidrug resistance (MDR) 
due to overexpression of the mdn gene or its 
membrane product P-glycoprotein (P-gp), has 
been implicated as an important cellular mecha
nism of resistance that contributes to treatment 
failure in this disease [1]. Indeed, prospective 
studies in de nova AML have shown that overex
pression of mdn is associated with a lower com
plete remission rate and shorter remission 
duration in patients receiving conventional 
induction and post-remission therapy [2,3]. 
P-gp expression has been linked to a number of 
adverse prognostie variables including age, sec
ondary leukemia, cytogenetie pattern, and a 
CD34 surface phenotype [3-6]. Evidence to date, 
indieates that mdn expression is determined in 
part by the lineage and stage of cellular differen
tiation that mimies its physiologie regulation in 
blood cell development. Normal hematopoietie 
stern cells natively express high levels of mdn, 
but a corresponding decrease in gene message is 
seen with myeloid maturation [7,8]. These 
observations suggest that expression of the 
MDR phenotype in AML, therefore, represents a 
conserved physiologie function. 

Investigations of cellular pharmacodynamies 
of the anthracydines have shown that blast con
centrations of these agents may be a determi
nant of response to induction therapy [9]. 
Enhanced cellular extrusion of the anthracy
dines is media ted in part by P-gp expression 
and contributes to the heterogeneity and drug 
retention observed in AML specimens [10, 11]. 
Indeed, cellular retention of daunorubicin is 
enhanced by exposure to P-gp antagonists such 
as verapamil or cydosporin-A (Sandimmune) in 
blast subpopulation. These data, and observa
tions that the decreased sensitivity to anthracy
dines in vitra may be associated with the mdn 
phenotype serve as the basis for testing agents 
capable of reversing mdn-mediated drug resis
tance in dinieal trials. 

Clinical Trials 

A number of noncytotoxie compounds serve as 
substrates for P-gp and competitively inhibit 
cellular extrusion of natural-product antineo
plasties [12-14]. In non-Hodgkin's and multiple 
myeloma, verapamil has shown significant act
ivity in restoring chemotherapy sensitivity, how
ever, dose-related cardiovascular toxicity limits 
clinieal application [15-17]. Cydosporin-A is a 
potent inhibitor of P-gp in vitra at concentra
tions ranging from 500-2000ng/mL; concentra
tions that far exceed those targeted for its 
immunosuppressive properties [14,18]. On a 
molar basis, cydosporine is a more potent 
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inhibitor of MDR both in vitro and in animal 
models compared to agents such as verapamil 
and quinidine. For this reason, cyclosporin-A 
was selected for testing in a Phase I/II trial per
formed at the Arizona Cancer Center in patients 
with poor-risk AML [19]. Patients received 
sequential treatment with high-dose cytarabine 
(3g/mg/m2/day) daily for 5 days, followed by 
daunorubicin (45mg/m'/day) administered con
currently with cyclosporin-A as a 72-hour con
tinuous infusion. Cyclosporine dose escalations 
ranged from 1.5 to 20mg/kg/day. Leukemia spec
imens were analyzed for P-gp expression, and 
results confirmed by quantitative RNA poly
merase chain re action (PCR) assay for the mdn 
gene message [20]. 

Forty-two patients enrolled in the trial were 
assessable for toxicity and response. P-gp ex
pression was detected in over 70% of cases. 
Steady state blood concentrations of cyclos
porin-A ranged from 500 to 3900ng/mL. 
Overall, 26 (62%) patients achieved a complete 
hematologic remission or restored chronic 
phase, and 3 patients achieved a partial remis
sion for an overall response rate of 69%. 
Expression of P-gp did not adversely affect 
response to this treatment regimen. More 
importantly, gene message decreased at the time 
of disease progression in one patient achieving a 
partial remission, but was absent at relapse in 
specimens from 4 patients achieving complete 
hematologic remission, and remained unde
tectable at relapse in 2 patients who were MDR
negative prior to therapy (Fig. 1). 

These results raise the possibility that this 
type of treatment may eliminate and/or mini
mize the emergence of mdn-positive leukemia 
clones. Randomized trials are now in progress in 
the Southwest Oncology Group (SWOG) to 
determine the contribution of cyclosporine to 
this regimen in poor-risk AML. 

Common toxicities of cyclosporine chemo
modulation included nausea and vomiting 
(22%), hypomagnesemia (61%), burning dyses
thesias (21%), and prolongation of myelo
suppression. Transient hyperbilirubinemia 
developed in over 60% of treatment courses and 
was cyclosporine-dose dependent. Increased 
toxicity to organs that natively express P-gp, as 
might be expected with such a regimen, were 
uncommonly observed. Reversible azotemia 
developed during or immediately following 
cyclosporine administration in 2 patients receiv
ing concurrent treatment with nephrotoxic 
antibiotics. 

The etiology of cyclosporine-induced hyper
bilirubinemia appears to result from a direct 
inhibitory effect on bilirubin transport. 
Cyclosporine is known to impair hepatic excre
tory function when administered on a chronic 
basis in patients receiving it for immunosup
pression [21]. Immunodetection of P-gp is nor
mally detected on the canalicular surface of 
hepatocytes [22]. However, investigations using 
isoform-specific antibodies indicate that the bil
iary form of P-gp is encoded for by the mdT2 
gene homologue, which does not confer mul
tidrug resistance [23l. More recent studies sug-

... SYNTHETIC mdr1 

... CELlULAR mdr1 

Fig.l. Autoradiograph ofRT-PCR 
amplification of AML patient spec
imens prior to treatment and at 
relapse. Upper band denotes syn
thetic mdn message as internal 
positive control; lower bands 
reflect cellular mdn gene message 
in patient specimens. Overexpres
sion of mdn is seen prior treat
ment (PreRx) in both patients, but 
decreases or is absent in relapsed 
specimens 
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gest that the product represents only one of 5 or 
more biliary transport proteins that are sensitive 
to inhibition by cyclosporin-A. Other P-gp 
inhibitors mayaiso share the cholestatic effects 
of cyclosporin-A. Transient hyperbilirubinemia 
was reported in a French trial using quinine as 
an MDR reversal agent when administered in 
conjunction with mitoxantrone [24]. 

It is not surprising then that hyperbilirubine
mia was associated with higher plasma concen
trations of daunorubicin in the Arizona trial due 
to presumed delay in hepatic drug clearance. 
Because of this, an improved response with 
MDR modulation might be ascribed to either 
increased systemic drug exposure or to MDR 
modulation. Likewise, results of randomized tri
als will also be influenced by the prevalence of 
mdn gene overexpression in each treatment 
arm, the ability to achieve and sustain blood lev
els of chemomodulator that are effective in 
blocking P-gp, and/or the presence of non-MDR 
mechanisms of chemotherapy resistance. In the 
SWOG trial, cyclosporine blood levels and 
daunorubicin clearance will be assessed in each 
treatment arm, to permit valid comparison of 
response according to MDR phenotype and rela
tive drug exposure. 

New Agents and Strategies 

The high concentrations of cyclosporine re
quired to reverse MDR, its inherent immuno
suppressive properties, and its nonspecific 
cholestatic effects encouraged the development 
of new compounds with greater P-gp specificity. 
Several compounds are currently in preclinical 
development [25,26]. One compound that has 
now entered clinical trials is PSC 833, an ana
logue of cyclosporin-D, selected because of its 
selective and potent inhibition of P-gp function. 
This compound lacks the immunosuppressive 
properties of cyclosporin-A but is a more potent 
inhibitor of P-gp function. On a molar basis, 
PSC 833 is approximately 5 to 10-fold more 
potent than the parent compound from which it 
is derived, cyclosporin-A [26-28]. The profound 
activity of this compound in reversing MDR at 
relatively low plasma concentrations as iHustrat
ed in Figure 2 makes it a much more attractive 
compound for clinical trials. In addition, pre
liminary results of Phase I trials in multiple 
myeloma have not demonstrated the cholestatic 
effects observed with cyclosporin-A. This agent 

is now being tested at the Arizona Cancer Center 
as a modulator of daunomycin resistance in 
patients with poor-risk AML. 

An alternative to chemomodifiers is the se
lection of antineoplastics that are not P-gp 
substrates or are poorly pumped by P-gp. 
Idarubicin is a more potent cytotoxic than 
daunorubicin in both sensitive and MDR ceH 
lines when compared at equal molar concen
trations [29]. Preliminary investigations in our 
laboratory using steady state, physiologie con
centrations have shown comparable activity in 
MDR ceHlines [30]. Alkyl-substituted anthracy
cline analogues which exert their cytotoxic 
effects primarily by alkylation rather than DNA 
intercalation have preserved activity in MDR ceH 
lines [31,32]. Similarly, liposome-encapsulated 
anthracyclines have superior activity in MDR 
ceHlines justifying their consideration for clini
cal investigation in multidrug resistant leukemia. 

Alternate Mechanisms of MDR 

In addition to classical MDR mediated by P-gp, 
alternate mechanisms of MDR have been identi
fied in selected drug-resistant ceHlines. Altered 
catalytic activity in DNA cleavage by the nuclear 
enzyme Topoisomerase II is assumed to repre
sent an important ceHular mechanism of MDR 
in some ceH lines [35,36]. Assays to measure 
alte red Topoisomerase II activity in clinical 
specimens have, to date, been problematic and 
its role in clinical drug resistance remains under 
investigation. The MRP gene, a new member of 
the A TP-binding cassette (ABC) transporter 
gene superfamily to which MDR belongs, was 
recently cloned from a doxorubicin-resistant 
human smaH ceH lung cancer ceH line by Cole 
and associates [37]. Overexpression of MRP is 
associated with a MDR phenotype to natural 
products and decreased nuclear drug accumula
tion. This drug resistance phenotype however is 
not sensitive to PGP inhibitors such as vera
pamil and cyclosporin-A. Its primary mecha
nism of resistance may relate to intraceHular 
drug entrapment rather than a plasma mem
brane-based efflux pump. Using areverse tran
scriptase PCR assay to measure MRP messenger 
RNA in 18 patients with high-risk AML, we 
could not detect overexpression in any patient 
specimen [38]. These specimens were selected 
because of their low prevalence of mdn gene 
overexpression (22%) suggesting the presence of 
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an alternate mechanism of resistance. The role, 
if any, that MRP may play in leukemia requires 
further investigation. 

The decrease or loss of mdn gene overexpres
sion in remitting patients receiving cyclos
porinA, implicates the presence of alternate 
mechanisms of chemotherapy resistance. The 
monoc!onal antibody LRPS6 was selected 
against P-gp-negative tumor cell lines that dis
playa classical MDR phenotype, associated with 
an energy-dependent reduction in cellular drug 
retention [39]. Like MRP, LRPS6-positive ceH 
lines are insensitive to chemosensitizers such as 
verapamil and cyclosporin-A and resistance 
may be mediated by intracellular entrapment in 
endomembrane structures. This mechanism of 
resistance was of particular interest in patients 
failing P-gp inhibitors because of the ability to 
select for this type of resistence in cell lines 
exposed concurrently to doxorubicin and vera
pamil (unpublished data). To evaluate the clini
cal relevance of this MDR phenotype, we 
evaluated the frequency of antibody staining 
and its prognostic significance in clinical speci
mens from patients with AML [38]. 
Immunostaining with LRPS6 was analyzed 
immunocytochemically in 99 specimens from 82 
patients. Diagnoses included de novo AML, sec
ondary leukemia, AML in relapse, and blast 
phase CML (10 patients). Immunostaining with 

LRPS6 was detected in 38% of patient specimens 
including 3S% of cases with de novo AML, 48% 
of secondary AML, 38% of relapsed leukemias, 
and 1 of 10 patients with blast phase CML. Sixty
eight AML patients were evaluable for response 
to induction therapy. Among 41 patients who 
lacked LRPS6 reactivity, 68% achieved a com
plete or partial remission compared to 36% of 
patients who were LRPS6-positive (p = 0.003). 
The significant difference in response to treat
ment resulted from a higher incidence of 
chemotherapy resistance in LRPS6-positive 
patients (S3% versus IS%). When analyzed 
according to LRPS6 and P-gp phenotype, both 
markers had prognostic significance that 
appeared additive, with each marker identifying 
patients at greater risk for induction failure 
(Table 1). Progression-free survival was signifi
cantly longer in patients who lacked staining 
with LRPS6 (p = 0.006). Interestingly, prior 
treatment with mitoxantrone but not dauno
mycin or idarubicin was associated with positive 
staining for LRPS6 in relapsed patients. Serial 
monitoring of 17 patients who received induc
tion therapy with a cyclosporine-based regimen 
showed emergence of the LRPS6 phenotype 
despite a decrease or loss of P-gp expression at 
the time of treatment failure (p = 0.026). LRPS6 
overexpression was associated with a number of 
adverse prognostic features including P-gp, a 



Table 1. Response to induction chemotherapy according to MDR phenotype 

Complete or 
LRP56/P-gp phenotype No. partial remission 

LRP & P-gp-negative 27 20(74%) 
LRP-negative/P-gp-positive 13 7(54) 
LRP-positive/P-gp-negative 11 5(45) 
LRP & P-gp-positive 18 5(28) 

CD7 surface phenotype, and age> 55 years, but 
not with CD34. This alternate MDR phenotype 
was an independent prognostic marker for pro
gression-free survival when compared with P-gp 
(p = 0.0015). The clinical relevance of LRP56 will 
be further evaluated in SWOG as a prognostic 
marker for treatment failure in patients receiv
ing cyclosporine chemomodulation. Neverthe
less, it is clear from these preliminary data that 
LRP56 appears to be an important predictor of 
treatment outcome in AML that may be detected 
either de novo, or may be acquired after treat
ment with agents such as mitoxantrone or P-gp 
antagonists. 

Summary 

Multidrug resistance due to P-gp represents 
only one of possibly several cellular mechanisms 
contributing to anthracycline resistance in AML. 
Preliminary results of clinical trials using 
cyclosporine and other resistance-modifying 
agents are encouraging, but await results of ran
domized trials. Alternate MDR mechanisms 
such as that identified by LRP56 may be equally 
important in predicting treatment outcome in 
AML, and therefore may provide additional 
prognostic information applicable to decisions 
regarding high-dose consolidation. New anti
neoplastics with alternate mechanisms of action, 
or new resistance-modifying agents with broad
er specificity offer the greatest prospect for 
treatment advances. 
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Introduction 

When kinetie resistanee to treatment is eonsid
ered, the foeus is almost invariably on the rela
tionship between the proliferative rate of the 
leukemia eells and "dassical" drug resistanee 
(the inability of eytotoxic therapy to kill 
leukemia eells) [1]. While there is a general rela
tionship between the response to remission 
induetion therapy of AML and eell proliferative 
rates (Table 1) [2], the eoneept that the higher 
the proliferative rate the greater the sensitivity 
of leukemia eells to eytotoxie agents has proven 
to be simplistic. 

In the purest study of this proposition, 
patients with AML reeeived a single course of 
high dose eytosine arabinoside, an S phase specif
ic agent, and the effeets of this agent on the num
ber of leukemia eells in the bone marrow and on 
treatment outeome were earefully assessed. The 
study demonstrated that for the leukemia patient 
population eonsidered as a whole, there was no 
relationship between the proliferative rate of the 
leukemia eells and treatment outeome [3]. On the 
other hand, a relationship between the reduetion 
in marrow leukemia eells produeed by therapy 
and proliferative rate was found, but only in 
those patients whose leukemia eells were sensi
tive to eytosine arabinoside [3]. 

This study demonstrated that the assumed 
relationship between dassical drug sensitivity 
and proliferative rate exists, but is conditional 
upon the inherent metabolie sensitivity of the 
target eells to the eyde speeifie agent being 

administered. Previous studies whieh attempted 
to relate the proliferative eharaeteristics of 
leukemia eells to treatment were fiawed beeause 
they employed methods which eould not aeeu
rately measure the percent S phase eells and 
beeause they assumed that the labeling index 
was equivalent to the eell eyde time. These 
methodological problems still eonfound many 
eurrent studies which attempt to assess the 
effeets of biological agents on the proliferative 
eharaeteristics of leukemias and other neoplas
tic diseases [4]. The most important type of 
kinetic resistanee, regrowth resistanee, has been 
largely ignored [5]. 

With the sole exception of the radiotherapists 
[6,7], when oneologists eonsider why a eytotoxic 
therapy has been ineffeetive attention is almost 
invariably foeused on the in ability of the eyto
toxie therapy to kill a sufficient number of 
malignant eells. As illustrated in Figure la, the 

Table 1. Cell cyde time and prognosis in AML 

1. Newly Diagnosed 
a. Standard Prognosis 
b. Poor Prognosis 

2. Newly Diagnosed Poor 
Prognosis 

a. one risk factor 
b. > one risk factor 

3.1" Relapse Disease 
a. good prognosis 
b. poor prognosis 

Tc (hrs) 

54± 4 j. 

64·2±5·7 
P=0.09 

53·9 ± 7·3 1 p = 0.03 
83.5 ± 12.2 

35·2 ± 5·1 ] p = 0.09 
49·4±4·5 

Rush Cancer Institute, Division of Hematology/Oncology and Rush-Presbyterian-St. Luke's Medical Center, 
Chicago, IL, USA 



a 

b 

., . 
::t 
~ 

I ... 
IL o .. 

• • 

• 

The Kllling Md Regrowth 
Of NeapIMtic Cella 

Durtna 11liiio AndIOt CIt'.Dther..., 

•• It • 11 GI .... cella klllM 
It.o • ... _It 0' .... cella 
C.O • ... effMt GI .... ." ........... ...,..., 

~ .. --------~~------~~~--------~ I 

80 

• • • 
I .... kal 

_ oour •• of th.rapy 

• 11 

Fig. la,b. Theoretical effects of 
tumor regrowth between courses 
of cytotoxic therapy. NOTE: The 
reduction in tumor cell numbers is 
the same for each curve after each 
course of therapy. The only differ
ence between the curves is the 
extent of tumor regrowth between 
each course of treatment. 



net effect of a course of therapy on a tumor is a 
function of both the number of malignant ceils 
killed and the extent of malignant regrowth 
between courses of cytotoxic therapy (2, 5, 
8-10). Figure Ib illustrates the theoretical effects 
of different rates of tumor regrowth between 
courses of therapy on the net effect of therapy. 
As can be seen, a sufficiently rapid regrowth rate 
can completely offset the effects of a course of 
cytotoxic therapy. Conversely, the inhibition of 
regrowth between courses of treatment could 
convert a noncurative therapy to a curative one. 

Regrowth resistance, that is treatment resis
tance resulting from the regrowth of neoplastic 
ceils between courses of therapy, is likely to be a 
significant contributor to treatment failure in a 
variety of neoplastic diseases (Table 2). These 
diseases share in common a high level of sensitiv
ity to cytotoxic agents yet a low cure rate (except 
for testicular tumors). The reasons for the lack of 
attention paid to this cause of treatment failure 
has been speculated upon elsewhere [5]. 

The relative contribution of regrowth resis
tance to treatment failure in AML depends upon 
the category of AML being treated. The poor 
responsiveness of patients with poor prognosis 
newly diagnosed leukemia (leukemia subse
quent to toxic exposure or to a myelodysplastic 
syndrome) is at least in part due to the rapid 
regrowth of the leukemia ceils which begins as 
so on as the administration of the agents utilized 
in remission induction therapy is concluded. 
Regrowth resistance makes a significant contri
bution to remission induction failure in as many 
as one-half of the patients with this variety of 
leukemia [2,11]. Further, the rapid regrowth of 
leukemia cells once therapy ends undoubtedly 
also contributes to the short remission dura
tions noted in these patients. 

On the other hand, regrowth resistance is an 
infrequent cause of remission induction failure 
in newly diagnosed standard prognosis AML 

Table 2. Neoplastic diseases in which regrowth resis
tance is likely to affect treatment outcome 

- Acute Myelogenous Leukemia 
- Acute Lymphocytic leukemia 
- Chronic Myelogenous Leukemia 
- Intermediate and High Grade Lymphomas 
- Small Cell Carcinoma of the Lung 
- Ovarian Carcinoma 
- Head and Neck Cancer 
- Testicular Cancer 
- Some Breast Cancers 

patients but plays an important role in deter
mining remission duration in these patients 
[12]. Given that regrowth resistance is often a 
significant contributor to treatment failure in 
the leukemias, the reduction of or prevention of 
leukemia regrowth between courses of cytotoxic 
therapy would significantly increase the effec
tiveness of currently available therapies. Re
growth resistance is a general phenomenon 
having been also demonstrated in head and 
neck cancer where regrowth between individual 
doses of radiotherapy and during weekends in 
which radiotherapy is not administered have 
been demonstrated [13,14]. Similar phenomena 
undoubtedly occur in a variety of malignant dis
eases [10]. 

Cellular Determinants of Leukemia 
Regrowth Between Courses ofTherapy 

Cellular characteristics which may playa role in 
determining the rate of leukemia regrowth 
include the rate of cell birth, the rate at which 
leukemia cells leave the proliferating pool, the 
number ofleukemia cells which survive therapy, 
the number of proliferating cells, and the prolif
erative rate (Table 3). Additionaily the self
renewal capacity of the leukemia progenitor 
cells and their proliferative potential, that is the 
number of cells which a proliferating cell and its 
progeny produce during their reproductive life 
span, will help to define the regrowth rate. 

Malignant cells can leave the proliferating 
pool via several different pathways. AML cells 
may differentiate, either spontaneously or under 
the infiuence of cytotoxic therapy [15], thereby 
reducing the number of proliferating cells. In 
the latter case, leukemias which are slowly pro
liferating are more likely to differentiate than 
rapidly proliferating leukemias [16]. Hence the 
long durations of remission of patients with 

Table 3. Determinants of regrowths rate 

Cell production 

1. proliferation pool size 
2. proliferative rate 
3. seil renewal capacity 

4. proliferative potential 
5. growth factor 

independence 

Rate of express from 
the proliferative poor 

1. cell differentiation 
2. apoptosis 
3. other types of cell 

death 
4. entry into Go (?) 
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slowly proliferating AML probably results from 
two phenomena: the slow proliferative rate of 
the cells and a constant removal of cells from the 
proliferative pool resulting from differentiation. 

Apoptosis, Preleukemia, 
and the Development of AML 

Recently the phenomenon of programmed cell 
death, of whieh apoptosis is one type, has 
received much attention. During this active 
process cells commit suicide [17]. It is of special 
interest that while both myelodysplastic disease 
and AML are characterized by rapidly prolifer
ating cells, in the former the majority of cells are 
undergoing apoptosis while in the latter only 
rare cells are undergoing apoptosis [18]. These 
data strongly suggest that the evolution of 
myelodysplasia to AML involves two changes in 
cell behavior: a reduction in apoptosis and a loss 
or a reduction in the ability of myeloid progeni
tor cells to differentiate. It is possible that the 
initial lesion whieh causes the premalignant 
types of myelodysplastic diseases produces a 
high rate of apoptosis in the marrow. The high 
rate of apoptosis could then result in a compen
satory increase in the proliferative rate of the 
myeloid cells resulting in the hypercellular mar
rows and ineffective hemopoiesis which charac
terize these syndromes (18). Further the high 
proliferative rate and high death rate in 
myelodysplastie disease would predispose to the 
appearance of new genie abnormalities and evo
lution to acute leukemia. If this hypothesis is 
correct then the most appropriate therapy for 
myelodyplastic patients would be the suppres
sion of apoptosis since this would ab rogate the 
ineffective hemopoiesis and should reduce the 
proliferation rate of the myeloid elements to 
normal thereby reducing the likelihood of evo
lution to leukemia. 

Apoptosis and the Treatment of AML 

It is of interest that recent studies have dem on
strated that at low and moderate dose levels 
many cytotoxic agents kill cells by inducing 
apoptosis [19,20]. It appears likely that cytotoxic 
agents cause apoptosis because the DNA dam
age whieh they produce triggers anormal mech
anism by whieh organisms protect themselves 
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against cells whose DNA has been damaged in 
the course of normal existence. In this setting 
the mechanism of apoptosis permits organisms 
to remove cells whose DNA damage is not 
reparable and therefore may lead to malignant 
transformation. 

Additionally, the demonstration that cells can 
simultaneously be undergoing apoptosis while 
engaging in DNA synthesis [18] demonstrates 
that studies which only assess the proliferative 
characteristies of cells may provide misleading 
data regarding the growth characteristics of a 
cell population since even a highly proliferative 
cell population may produce few cells. As noted 
above, this is the case in myelodysplastie disease 
in whieh ineffective hemopoiesis is character
ized by high proliferative rates and simultane
ous high rates of apoptosis [18]. With respect to 
the treatment of the leukemias and other neo
plastic diseases, the induction of apoptosis 
between courses of cytotoxie therapy would 
reduce neoplastic regrowth between courses of 
therapy. 

Further, as discussed in detail below, the phe
nomena of leukemia cell differentiation and 
apoptosis link classieal resistance and regrowth 
resistance since differentiation and apoptosis 
during and after treatment will result in a re duc
tion of leukemia cell numbers during cytotoxic 
therapy and also in a reduction in regrowth rate 
between courses of therapy. To rationally devel
op potential therapeutie approaches, one should 
first consider the relationship between gene 
expression and treatment response in AML. 

Genie Determinants of Response 
to Treatment 

The expression level of several genes has been 
demonstrated to be associated with the response 
of AML to treatment (Table 4). High levels of 
expression of the multidrug resistance gene are 

Table 4. Genes which influence treatment outcome 

1. Multidrug resistance gene 
2. e-myb 
3. e-fms 
4. bcl-2 
5. e-mye 
6.IL-1 
7· P53 



associated with reduction in both the likelihood 
of a patient entering remission and with short 
remissions [21]. The relationship of the expres
sion of this gene to treatment outcome appears 
to be due to classical drug resistance resulting 
from the inability to maintain sufficiently high 
intraceilular drug levels to permit the destruc
tion of substantial numbers ofleukemic cells. 

Q- myb. High levels of expression of the myb 
gene are associated with resistance to remission 
induction therapy manifested by low remission 
rates and by the relative resistance of leukemia 
cells to the cytotoxic effects of chemotherapy 
[22]. While the basis for resistance is unknown, 
several possible mechanisms would impact on 
the kinetic aspects of response. The constitutive 
expression of myb has been shown to prevent 
the induction of differentiation of myeloid 
leukemia cells in vitro. If the same were the case 
for AML cells in vivo, then the removal of 
leukemia cells from the proliferating pool by 
differentiation would be inoperative in leu
kemias with very high levels of expression of 
this gene. 

As is the case for the myc gene, high levels of 
myb expression may be associated with relative 
or absolute growth factor independence and a 
high proliferative potential. These characteris
tics, with or without a reduced ability of the 
leukemia cells to differentiate, would contribute 
to kinetic resistance. 

b- fms. Low levels of fms expression in standard 
risk AML ceils are associated with a reduced 
likelihood of a successful outcome of remission 
induction therapy [23,24]. The percent of 
patients among poor prognosis AML whose cells 
express the fms gene is much less than in stan
dard risk AML [2]. Hence the responses of 
patients within the group of standard risk AML 
patients and the differences in response between 
standard risk and poor prognosis AML patients 
parallel differences in the levels of fms expres
sion. Studies monitoring the direct effects of 
remission induction therapy on the number of 
leukemia cells in the marrows of patients have 
demonstrated that low levels of fms expression 
are associated with classical resistance to cyto
toxic therapy [24]. 

The phenomena responsible for these associ
ations are unknown. Several possibilities suggest 
themselves. The first is related to the observa
tion that high levels of fms expression are asso-

ciated with an increased likelihood that leu
kemia cells will spontaneously differentiate in 
vitro [25]. It is possible that low levels of expres
sion are associated with a reduced likelihood of 
spontaneous and drug induced differentiation 
in vivo, a phenomenon which would contribute 
to the relative kinetic resistance of leukemias 
which do not express fms or which express the 
gene at low levels. 

A second possibility is suggested by the 
strong correlation between the level of fos 
expression and the level of fms expression [23]. 
Expression of the former gene is one of the early 
events associated with apoptosis. It is possible 
that the same is the case for expression of the 
fms gene and that high levels of fms expression 
is an indication that these leukemia cens are 
characterized by high levels of spontaneous 
apoptosis and/or that the leukemia cens are 
highly sensitive to the apoptotic triggering 
effects of chemotherapy. 

A third possibility is the phenomenon of 
"fratricide" [24]. Studies in our laboratory have 
demonstrated that the marrow biopsies of many 
AML patients contain large numbers of mono
cytic/macrophage cells which contain nuclear 
debris [26]. These cens are present in sufficient
ly high numbers to suggest that they are of 
leukemic origin. The presence of nuclear debris 
within these ceils indicates that the macro
phages have phagocytosed dead or damaged 
cens. It is possible, therefore, that these differen
tiated leukemic macrophages are destroying 
damaged leukemia cens which otherwise might 
have been able to repair the damage produced 
by cytotoxic therapy. These observations sug
gest that high levels of fms expression, which is 
a marker for monocytic/macrophage differenti
ation, are associated with a good response to 
treatment because they indicate the presence 
leukemia cells which will differentiate during 
chemotherapy into monocyte/macrophages 
capable of committing fratricide. If this were the 
case then the efficacy of cytotoxic therapy would 
be increased since leukemia cens which were 
damaged but which were still viable would be 
killed by these cytotoxic cells of leukemic origin 
[24]. 

(- bcJ-2. The expression of the bcl-2 gene is asso
ciated with protection against apoptosis. Given 
the evidence that apoptosis is a common mecha
nism through which cytotoxic agents kills target 
cens, it is not surprising that high levels of 



expression of this gene are associated with the 
resistance of AML to treatment [27]. 

d- myc. High levels of expression of the myc gene 
may contribute to treatment resistance through 
a variety of mechanisms. High levels are associ
ated with reduced growth factor requirements 
and at times with growth factor independence, 
both of which could contribute to regrowth 
resistance [28,29]. High levels of expression are 
also associated with a reduced likelihood that 
leukemia cells will differentiate during remis
sion induction therapy [24]. 

In a previous study we found that patients 
who entered remission and whose leukemia cells 
expressed myc at a high level had the greatest 
reduction in leukemic marrow ceHs during the 
first 6 days of remission induction therapy [23]. 
Recent studies have demonstrated that high lev
els of expression of the myc gene in the presence 
of inhibition of DNA synthesis are associated 
with apoptosis [30]. It is possible, therefore, that 
in patients with drug sensitive disease (as evi
denced by the fact that the patient's leukemia 
entered complete remission)the high pretherapy 
levels of myc expression potentiated the effects 
of cytotoxic therapy by triggering apoptosis 
when DNA synthesis was inhibited during 
remission induction therapy. 

e- lL1b. Evidence has been presented that high 
levels of expression in leukemia ceHs of the gene 
for IL1b are associated with short remissions 
[31]. This is not surprising since high levels of 
expression of this gene would be expected to be 
associated with the paracrine stimulation of 
leukemia ceH regrowth. The lack of association 
of the level of expression of this gene and remis
sion induction outcome [32] is surprising but 
simply may indicate that the effects of this gene 
on regrowth are not important relative to the 
other factors involved in determining remission 
induction outcome. 

f- pS3 gene. There have been no reports describ
ing a relationship of the level of expression of 
the P53 gene and treatment outcome in AML. 
However while this gene is not often mutated in 
AML, it might be expected that the level of 
expression of the normal P53 gene would exert 
an influence on treatment outcome. High levels 
of expression in the presence of drug sensitive 
disease would be expected to potentiate the 
effects of cytotoxic therapy while low levels of 

expression or mutations of the gene would be 
expected to be associated with regrowth resis
tance (see below). 

Multidrug Resistance and Regrowth 
Resistance 

Multidrug resistance involving agents which 
have common mechanisms of ceHular uptake or 
efflux or common mechanisms of producing 
DNA damage are readily understandable. Inclu
ded in these categories are agents affected by the 
multidrug resistance efflux pump and by those 
agents which produce DNA damage by interact
ing with topoisomerase. On the other hand, ini
tial observations that resistance to two cytotoxic 
agents with different mechanisms of uptake, 
efflux, and action, such as cytosine arabinoside 
and daunomycin [33], were difficult to under
stand beyond the obvious interpretation that 
there must be general mechanisms which confer 
resistance to different classes of action. 

As described above, these latter associations 
of resistance exist in part because DNA damage, 
regardless of the causal insult, triggers a final 
common pathway of ceH death, apoptosis. 
Phenomena which interfere with apoptosis will 
therefore contribute to resistance to many 
agents, regardless of the mechanism by which 
they produce DNA damage. Hence simultaneous 
resistance to cytosine arabinoside and daunoru
bicin are understandable since both act, at least 
in part, by triggering the apoptotic pathway. 

As no ted above, re cent studies have demon
strated that the expression and/or alteration of 
several genes can affect both classical drug resis
tance and regrowth resistance. Overexpression 
of the bcl-2 gene can confer simultaneous resis
tance to a variety of cytotoxic agents by prevent
ing apoptosis [20]. Additionally, in vitro studies 
have demonstrated that overexpression of this 
gene permits leukemia ceHs to resume prolifera
tion as soon as exposure to cytotoxic agents 
ceases [27]. A similar effect in vivo would result 
in the rapid resumption of leukemia ceH prolif
eration as soon as the administration of a course 
of cytotoxic therapy cases. 

Mutation of the P53 gene would have a simi
lar effect being associated with the prevention of 
apoptosis associated with cytotoxic therapy [19] 
as weH as with the rapid proliferation of neo
plastic ceHs between courses of cytotoxic thera-



py. Further, the delay in cell proliferation nor
mally associated with DNA damage is depen
dent upon the presence of normal functioning 
P53 genes. This delay does not occur when a 
mutant P53 gene is present. Hence regrowth 
should resurne sooner in leukemia cells bearing 
P53 mutations than in those containing normal 
P53 genes. 

The involvement of the myc gene in both 
multidrug resistance and regrowth resistance 
would occur via a mechanism which is some
what different from that described above for the 
bel-2 gene and for mutated P53 genes. High lev
els of myc expression in the presence of inhibi
tion of DNA synthesis can result in apoptosis 
[30]. On the other hand, high levels of expres
sion of this gene in the presence of resistance to 
cytotoxic agents would associate regrowth resis
tance with elassical resistance since myc expres
sion would facilitate the former by reducing 
dependence upon growth factors or even confer
ring growth factor independence thereby in
creasing the proliferation potential of a tumor. 

FinaIly, regrowth resistance per se is likely to 
facilitate the development of resistance to cyto
toxic agents thereby providing another mecha
nism for the association of regrowth resistance 
and elassical resistance to cytotoxic agents [10]. 

Strategies to Overcome Kinetic Resistance 

a. Increasing the Proliferative Rate of AML Cells 

Since one of the distinguishing general charac
teristics of treatment resistant categories of 
AML is a slow proliferative rate, it is possible 
that one might render these leukemias more 
amenable to treatment if one increased their 
proliferative rate. Attempts to increase prolifer
ative rates have involved the administration of 
GM-CSF to leukemia patients prior to and dur
ing remission induction therapy. In the one 
study [34] and in an as yet unpublished study 
[35], remission rates were not increased. In the 
latter study clear cut evidence was obtained that 
the proliferative rates of the leukemia cells of 
patients were increased and yet treatment out
come was not improved [35]. 

There are several possible explanations for 
the failure of this strategy to improve treatment 
outcome. As no ted above, the proliferative rate 
is relevant only if the leukemia cells are meta
bolically sensitive to the agents being adminis
tered. Without this precondition an increase in 

proliferative rate may in fact have an adverse 
effect since it will result in an increase in 
leukemia cell mass and in the regrowth of 
leukemia cells between courses of therapy and 
perhaps even between the administration of 
individual doses of chemotherapy agents. One 
problem with the use of cytokines to increase 
proliferative rates is that the categories of dis
eases which tend to have slow proliferative rates 
such as secondary AML and some relapsed AML, 
are those in which multidrug resistance is most 
common [21,36]. 

b. Recruitment of Cells into Cycle 

Much has been made regarding the role which 
Go cells may play in causing resistance to treat
ment. The concept of Go leukemia cells traces 
its history to the original attempts 30-40 years 
ago to assess the proliferative rates of acute 
leukemia cells. In these studies the leukemia 
cells were either labeled in vivo or in vitro with 
3HTdr and measurements were made on periph
eral blood cells or on marrow aspirates. With 
labeling indices of 8-10% in the marrow aspirate 
and 0-2% in the peripheral blood it is easy to 
understand why it was assumed that many 
leukemia cells were not cyeling. 

Recently developed methods which permit 
the accurate assessment of the proliferative rates 
of leukemia cells in vivo in patients have pre
sen ted a very different view of the kinetics of 
leukemia [37]. Unbeknownst to the early investi
gators leukemia is a highly proliferative disease 
with marrow leukemia cells having a labeling 
index of 25-30% and average eell eyele times of 
55-60 hours. These data alone make the ques
tion of whether or not Go leukemia cells exist an 
open one. Unfortunately there are no markers 
available for identifying Go cells and the only 
re cent data which have been used to suggest that 
Go leukemia cells exist in acute leukemia are 
based upon acridine orange staining and flow 
cytometry studies [38]. Arecent study has, how
ever, brought the interpretation of these reports 
into question [39]. At the present time the only 
data which suggest that Go cells may exist are 
the observations that leukemia cells in the 
peripheral blood are rarely in S phase, express 
high levels of the myc gene [22], and that they 
contain a sub set of cells capable of producing 
leukemic colonies in vitro. Hence the possible 
role of Go cells in producing resistance to treat
ment remains to be defined. 
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c. Reducing Regrowth Resistance 

Regrowth resistance could be reduced by slow
ing the proliferative rate of AML ceils between 
courses of therapy and by reducing the activity 
of those genes whose expression appears to be 
associated with regrowth resistance. The admin
istration of the combination of 13-cis retinoic 
acid and a-interferon has been shown to reduce 
the proliferative rate of both AML [40] and 
chronic myelogenous leukemia cens in vivo [41] 
and also to reduce the level of expression of the 
myc [42], bcl-2 [43], and IL1b genes [43] in the 
leukemia cens of some patients. Additionally, 
the administration of these two biological agents 
to patients results in an increase in apoptosis in 
leukemia cens in vivo in both acute [43] and 
chronic myelogenous leukemias [43]. Hence, 
with the rational administration of cytotoxic 
agents, it appears that it may be possible to 
reduce the regrowth rate of AML between cours
es of therapy and subsequent to the end of con
solidation therapy. Studies of this proposition 
are in progress at the Rush Cancer Institute. 

Summary 

Whether or not current attempts to reduce 
regrowth resistance are successful, it is impera
tive that the important contribution which 
regrowth resistance makes to treatment failure 
in AML and in many other diseases be recog
nized. It is clear that the restraint of ceH growth 
has great potential for increasing the efficacy of 
currently available cytotoxic agents and regi
mens. Unfortunately there has been little or no 
work in this area [5]. This situation is com
pounded by the fact that the evaluation of bio
logical agents is currently based on the ability of 
these agents to induce remissions or to reduce 
the size of tumors. Clearly agents which restrain 
growth, while having great potential when 
administered between courses of therapy, will be 
deemed to be inactive when evaluated using 
these current criteria. 

Appreciation of this type of kinetic resistance 
and the development of strategies to overcome 
regrowth resistance will result in a marked 
improvement of our ability to effectively treat 
patients with AML and other drug sensitive but 
usuaHy incurable neoplastic diseases. To this 
end the system currently used to classify remis
sion induction failures in the leukemias [44] has 
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been modified so that the precise impact of 
regrowili resistance on treatment failure can be 
understood [9]. The use of this system will also 
help to evaluate therapeutic strategies designed 
to overcome regrowth resistance. 

FinaHy, recent studies strongly suggest that 
multidrug resistance and regrowth resistance 
can result from abnormalities in bcl-2 expres
sion and from mutations of the P53 gene. The 
association of these two types of resistance to 
treatment may account for those situations in 
which the resistance of leukemia to treatment 
appears to be absolute [3,11]. 
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Topoisomerases - from Basic Research to Clinicallmplications 
Frank Gieseler 

Introduction 

Topoisomerases (topos) are moved into the 
focus of haematologists and oncologists because 
they are interesting in several different aspects. 
These enzymes are life-important DNA-process
ing enzymes, their activity is necessary in every 
cellular action where alteration of the three
dimensional structure of the DNA is obligatory. 
Moreover, research on topos has a direct clinical 
aspect because topo I as well as topo 11 are target 
structures for several important cytostatics. In 
the following paper I will focus on the clinical 
part of this research area and will cover just the 
basic facts which are necessary to understand 
the clinical importance of these enzymes. 

Biochemistry and mode of action. Controlling the 
three dimensional structure of the DNA is 
essential for every cello This is true not only for 
cell division with the necessity for chromosome 
formation which does not work without topo 
activity (1) but also for gene transcription regu
lation since DNA-polymerases favour a certain 
degree of torsional stress in the DNA [2]. In 
these areas gene transcription is more likely to 
occur and, vice versa the synthesis of topoiso
merases is influenced by the degree of DNA
relaxation [3]. 

Topos are a family of isoenzymes. As of now, 
we know of three different genes encoding for 
topos. The topo I-gene is located on chromo
so me 20, the one for topo 11 alpha is located on 
chromosome 17 and the one for topo 11 beta is 
located on chromosome 3 [4]. These genes 
encode for three different proteins that are addi-

tionally heavily posttranscriptionally modified. 
Ribosylation and phosphorylation, both with 
consequences for the enzymes' activity and their 
drug sensitivity have been described [5-9]. This 
might explain why we find several distinct topo
activities in intact cells. 

The way of processing the DNA is obviously 
very similar for topo land the topo 11 isoen
zymes. We are able to differentiate at least six 
different steps which are important for the 
understanding of differences in the mode of 
action ofinhibiting cytostatic drugs [10]: 

• loose (non-covalent) bin ding of the enzyme 
to theDNA 

• tight (covalent) binding 
• DNA cleavage 
• strand passage 
• religation 
• enzyme turn over. 

This is of course a very theoretical model as it 
is extremely difficult to examine DNA-process
ing enzymes in vivo, that is inside the nucleus of 
a living cell. We must admit that we still do not 
know, how these enzymes work in intact human 
cells and several divergent models exist [11]. The 
principle difference between topo land topo 11 
is not their way of action in vitro, but probably 
their intranuclear localisation. In contrast to 
topo I, topo 11 is a major component of the 
nuclear matrix (NM) [12]. The DNA is organised 
in "loops" which are fixed to the NM at the 
"matrix attached regions" (MAR) [13]. At the 
footpoints of these loops topo 11 is localised, 
thus able to control the torsional stress of the 
attached DNA-Ioop [14]. This is true at least for 
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topo 11 alpha, its expression is tightly associated 
with proliferation and this isoenzyme seems to 
be the main target of the topo 11 inhibiting cyto
static drugs. 

Our knowledge about topo 11 beta is even 
less. Obviously, this isoenzyme is more localised 
in the nucleolus of the cells [15]. Although we 
still do not know it's function, it seems to be 
more associated with cellular differentiation 
than with proliferation [16-18]. The fact that 
topo 11 alpha is found in all eukarionts whereas 
topo 11 beta is found only in vertebrates sup
ports this suggestion [4]. Evidently, the cellular 
function of both isoenzymes can only be under
stood in the context of all DNA-binding pro
teins. In other words, purified topo does not 
necessarily act in the same way as it does in its 
physiological environment. This perception is 
important for the interpretation of in vitro 
experiments an the drawing of conclusions for 
therapy. 

Clinical implications. Topo 11 inhibitors are well 
established therapeutics. They include sub
stances from diverse chemical classes such as 
anthracyclines (adriamycin, daunomycin, idaru
bicin, epirubicin), the epipodophyllotoxines 
(etoposide, teniposide), the anthracenedions 
(mitoxantrone) and the acridines (amsacrine). 
Topo I inhibitors are derivatives from camp
tothecin (hypocamptamine-topotecan, CPT - 11) 
and are currently in clinical trials. 

How do topo inhibitors work? The exact mol
ecular events which finally result in apoptotic 
cell death are unknown. Obviously, the forma
tion of a ternary complex between the DNA, the 
topo and the drug, called the "cleavable com
plex" (CC), is aprerequisite for all further steps. 
It has been shown that the CC can be repaired 
[19,20], but without it's formation, genotoxicity 
of the drugs is not reasonable. 

In Figure 1, so me factors are named which 
are important for the formation of the ce. I 
think that the study of these factors is excep
tionally important for the understanding of sen
sitivity or resistance of tumour cells to 
chemotherapy. A direct correlation between 
genotoxicity of the drugs and cytotoxicity has 
been shown and [21], moreover, cytotoxicity 
directly corresponds to the DNA binding of 
anthracyclines, being the first step in the forma
tion of the CC [22, 23]. The cleavage potency of 
anthracyclines is a bell-shaped curve with its 
maximum at 1 flM for daunorubicin as well as 
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for idarubicin [24]. At higher concentrations the 
intercalators inhibit DNA binding of topo 11 and 
consequently DNA cleavage. The interaction 
with podophyllotoxines which do not intercalate 
is different, these drugs are able to bind to topo 
11 directly before the enzyme interacts with 
DNA. 

OIe Westergaard from the university of 
Aarhus in Denmark has developed an experi
mental system to uncouple the DNA binding, 
cleavage and religation events of the topo 11 
action (Fig. 2). The principle is, that a special 
DNA oligonucleotide with a topo 11 binding and 
cleavage site is used. After cleavage, a short frag
ment is liberated which can not be religated by 
the enzyme (Fig. 2, left panel). In agarose gel 
electrophoresis, the different states can be dis
criminated (Fig. 2, right panel). That is the DNA 
(lane A), the DNA bound topo (lane B) and the 
cleaved fragment (lane C). With this system, a 
number of Danish scientists and Robinson and 
Osheroff from Nashville, Tennessee examined 
different topo 11 inhibitors with respect to their 
mode of action [25, 26]. Interestingly enough, 
they found pronounced differences even within 
one chemical class, e.g. the anthracyclines 
(Fig. 3). Most anthracyclines such as daunoru
bicin, but also doxorubicin stabilise the cleav
able complex before DNA-strand passage (CCl). 
In contrast, aclarubicin inhibits the binding of 
topo II. I have been mentioned before that there 
is a tight association between the concentration, 
the DNA intercalation and the cleavage potency 
of anthracyclines. The podophyllotoxines inhib
it both, CCl and CC2 and amsidyl stabilises CC2 
resulting in inhibition of the religation step of 
the enzyme. Novobiocin is not used in therapy 
yet. 

Consequences tor therapy. These findings are not 
only of theoretical interests but have conse
quences for cellular sensitivity. Specific combi
nations, such as aclarubicin and daunorubicin, 
or aclarubicin and etoposide are not reasonable, 
in fact they inhibit one another which has been 
shown by Peter-Buhl Jensen from Copenhagen 
[27, 28]. Also, sensitivity to aclarubicin is not 
necessarily associated with sensitivity to other 
anthracyclines. In 1992 we published experi
ments describing a celline with altered topoiso
merase 11 and multidrug resistance to 
daunorubicin, doxorubicin and idarubicin but 
still high sensitivity to aclarubicin [29]. 
Speaking of anthracyclines we should be aware 
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that these drugs do not only inhibit topo 11 but 
have additional intracellular effects such as 
direct membrane effects, they liberate free oxy
gen radicals, they intercalate into DNA and they 
inhibit the mitochondrial oxygen chain. 
Nevertheless, there are numerous indications 
that inhibition of topo 11 is the ultimate step for 
the induction of cell death. 

---l1 
A 

-

0 Topo binding site -. cleavage site 

A notopo 
B binding 

e cleavage 

uptake 

B C - -
-

These perceptions are important to design 
rational combination therapies especially when 
combining drugs with different intracellular tar
gets. The mentioned interaction between nuc
lear matrix and topo II-function could be an 
example for the molecular background of com
bining taxol derivatives with topo 11 inhibitors. 
Also, it has been shown that prokaryotic topo I 

Fig. 2. Uncoupling the DNA binding, cleavage and 
religation events 

Fig. 3. Differences in the way of action 
of topo II inhibiting drugs. ce = cleavable 
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is able to substitute for a missing or defective 
topo Ir alpha. This might be interesting for 
chemotherapy now that we have potent topo I 
inhibitors which can be combined with topo 11 
inhibitors. Another example is the combination 
of Ara C with topo 11 inhibitors. I does not seem 
to be reasonable to inhibit topo 11 before Ara 
CTP is incorporated into DNA but after this 
step, as the enzyme's function is necessary as 
weIl for the incorporation as for the following 
repair mechanisms. I hope these elucidations 
help to indicate the necessity to combine molec
ular-biological investigations with clinical stud
ies, initiated by the doctor who treats the 
patients. 
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Mechanisms of Acquired ARA-C and OAC Resistance 
in Acute Myeloid Leukemia (AML): Oevelopment of a Model for the Study 
of Mutational Loss of Oeoxycytidine Kinase (OCK) Activity 

A. P. A. Stegmann, M. W. Honders, J. E. Landegent, and R. Willemze 

Introduction 

Complex and largely unknown mechanisms 
determine whether sufficient cyto-reduction 
occurs following chemotherapy for acute 
myeloid leukemia. The reasons for failure of 
induction treatment are related to patients' age. 
With the current supportive care measures, it is 
uncommon for patients < 50 years of age to die 
from complications of the initial therapy; most 
of the 20% failure rate in this group is due to 
primary resistant leukemia. In contrast, in 
patients > 60 years the cause of the failure rate 
(50%), can be equally divided between resistant 
leukemia and death occuring during marrow 
aplasia, due to the complications of pancytope
nia. However, during subsequent relapses the 
majority of patients fails to respond due to drug 
resistance, and this is one of the major obstacles 
for long term disease free survival [1-3]. 

Deoxycytidine (dCyd) analogues, such as 
cytosine arabinoside (Ara-C) and 5-aza-2' -de
oxycytidine (DAC), are currently used as the 
co re drugs of most AML regimens [4,5]. 
Resistance to these compounds has been 
explained by a variety of mechanisms. First, it 
may be that not all of the leukemic stern cells are 
proliferative and therefore are not likely to be 
eradicated by these S-phase specific drugs (cell 
kinetic resistance). Secondly, malignant cells 
may be present in certain anatomical sanctuar
ies, which protects them from the cytotoxicity of 
the chemotherapy (pharmacokinetic resistance). 
However, probably more important in explain
ing the development of resistance, are alter-

ations in the basic metabolism of leukemic ceIls, 
that disturb the metabolie processing that both 
drugs need to undergo in order to acquire cyto
toxicity (biochemical resistance). In general, the 
latter type of resistance may be the result of 
changes in genomic expression patterns, or dis
turbed regulation mechanisms leading to a 
decrease or increase of the activity of enzymes 
involved in drug metabolization [6, 7]. 

Metabolie Aetivation of eytotoxie Potential 

The metabolization of antiviral and anti-cancer 
purine and pyrimidine deoxynucleoside ana
logues is believed to be dependent on the activi
ty of enzymes of the purine and pyrimidine 
salvage pathways [8-10]. A cascade of interact
ing enzymes normally controls the metaboliza
tion of the natural purines deoxyadenosine 
(dAdo) and deoxyguanosine (dGuo) and the 
pyrimidines, deoxycytidine (dCyd), thymidine 
(Thd) and deoxyuridine (dUrd). The initial 
phosphorylation of each of the purine and 
pyrimidine deoxynucleosides (dN) yields 
nucleotide mono phosphates (dNMP) and is the 
rate limiting step in a biochemical sequale that 
eventually yields deoxynucleotide triphosphate 
residues (dNTP). dNTP's are essential for DNA 
synthesis in dividing cells. Hence synthesis and 
intracellular retention of Ara-C- and DAC
triphosphates, depends on the anabolie (phos
phorylation) and catabolic (deaminating) 
activities of the pyrimidine pathway. 
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Deoxycytidine is phosphorylated to deoxycy
tidine monophosphate (dCMP) by the rate lim
iting enzyme deoxycytidine kinase (DCK) [11]. 
dCMP is further phosphorylated by nucleoside 
mono- and diphosphate kinases to yield dCTP 
or deaminated into dUMP by dCMP-deaminase, 
whieh is the first step in the salvage pathway 
synthesis of dTTP-residues. dCTP acts as a feed
back inhibitor of DCK (end product inhibition). 
Although the affinity of DCK for dC is highest, 
the enzyme also metabolizes the natural purine 
deoxynucleosides deoxyadenosine (dAdo) and 
deoxyguanosine (dGuo), as weil as a variety of 
clinicaily relevant pyrimidine and purine nucle
oside analogues, among them Ara-C and DAC 
[12]. 

A second enzyme however, the mitochondrial 
thymidine kinase-2 (TK2), is also capable of 
metabolizing dCyd, with an efficiency of 90% 
relative to its phosphorylating efficiency for 
Thd, whereas it is unable to use Ara-C as a sub
strate [13]. In general, the enzymes ofthe pyrim
idine and of the purine salvage pathways display 
a broad substrate specificity and so me sub
strates can be metabolized by more than one 
enzyme [13, 14]. Whether or not DAC is a sub
strate for TK2, is unknown, and DCK activity 
alone is believed to be essential for the potentia
tion of Ara-C and DAC mediated cytotoxicity. 

Cytotoxic Mechanisms of Ara-C and DAC 

The metabolie end-product of Ara-C, Ara-CTP, 
was found to be a weak inhibitor of DNA-poly
merase alpha, that is required for its incorpora
tion into newly synthesized DNA [15, 16]. When 
incorporated, Ara-CTP residues present at the 
3' end of a replieating strand of DNA, will serve 
as poor primer termini for further chain elonga
tion, resulting in the termination of DNA syn
thesis [17]. The formation of (Ara-C)DNA 
correlates with the degree of cytotoxicity [18]. 
Recently, inhibition of DNA ligase by Ara-CTP 
was found to be partial1y responsible for Ara-C 
mediated toxicity [19, 20]. 

The DACTP residue on the other hand, has 
been shown to be actively incorporated into 
DNA [21]. Its cytotoxic effect occurs only after 
several ceil cycles, and is believed to be due to its 
ability to cause hypomethylation of the replica
ting DNA through binding of the methyltrans
fe rase enzyme, a feature shared with other dCyd 
analogs containing chemieal modifications of 

the 5-position of the cytosine ring [22, 23]. The 
methylation status of nuclear DNA has been 
shown to be an important regulator of gene 
expression, and perturbances of predetermined 
methylation patterns have been shown to induce 
unwarranted ceHular differentiation processes 
[24]. 

DCK: Structural Properties and Kinetic 
Mechanism 

Deoxycytidine kinase (DCK, EC 2.7.1.74) is a 
phosphotransferase enzyme of the pyrimidine 
salvage pathway. In its active form it is a dimer 
with a subunit molecular mass of 30.5 kDa [25]. 
It has been isolated from a variety of tissues and 
celllines, such as calf thymus, human leukemie 
granulocytes, mouse spleen, monkey spleen, 
human tonsillar lymphocytes, and the ceHlines 
MoltT4 (human lymphoblastie) and L1210 
(mouse leukemie). In general thymus tissue 
preparations and T -lymphocytie lineages yield 
the highest amount ofDCK [26-29]. 

Studies on the substrate binding affinity have 
revealed a relatively wide range of Km -values for 
dC, AraC and DAC, much depending on the 
source and the degree of purification that was 
obtained. The reported Km -values for dC vary 
from 0.3 J.lM to 14 J.lM. In one case, Km-values as 
high as 300 J.lM-700 J.lM, were reported for mea
surements in emde ceH-extracts ofhuman malig
nant ceH lines, such as HL60, OVCAR-5 and 
PANC-l [30]. For Ara-C, Km-values range from 8 
J.lM to 175 J.lM. For DAC, only three reported Km -

values are known; 63 J.lM (caIf thymus), 641-lM 
(mouse leukemie ceil line L12lO) and 291-lM 
(leukernie mouse spleen) [31,32]. 

The kinetic properties of DCK, and the exact 
nature of its interaction with substrate(s) and 
phosphate-donor(s) is still a subject of debate. 
In several studies, particularly those in whieh 
emde enzyme preparations (e.g. whole ceH 
extracts) were used, the enzyme has shown 
biphasie kineties, with activity apparently being 
distributed between a high and a low range of 
substrate concentrations [33-35]. Keirdaszuk 
et al. measured the enzymes' intrinsie fluores
cence pattern, that is quenched upon ligand 
binding and thus provides insight into the con
formational behaviour of the protein. They 
found that the protein can adopt two distinct 
conformational statuses, with a high and a low 
affinity for the binding of dCyd, providing some 
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experimental support for the observed non-lin
ear kinetics [36]. However, in crude DCK prepa
rations, the presence of other active nucleoside 
kinases (e.g. TK2) could explain the observed 
duality, due to the putative overlap in substrate 
specificity of the enzymes involved. Finally, the 
observed non-linear kinetics may be due to pro
teolytic cleavage that occurs during purification 
procedures. Studies with highly purified (up to 
50,000-fold) DCK, do not show non-linear 
kinetics [26,37,25]. 

Results of steady-state initial rate kinetic 
analysis and inhibition studies using highly 
purified enzyme preparations, do agree on an 
ordered sequential pathway. Kim et al. claimed 
binding of ATP preceeding dC binding, as 
opposed to the latter, with dCTP acting as a mul
tisubstrate analog, competitive towards ATP and 
non-competitive with dC [37]. Datta et al. pro
posed a sequential random Bi-Bi system, in 
which binding of dC is followed by binding of 
ATP and subsequent release of diphosphate and 
dCMP, with dCTP acting as a feedback inhibitor, 
competitive with dC and non-competetive with 
ATP [26]. Arecent communication by Shewach 
et al. supports the findings of Datta et al, albeit 
with UTP instead of ATP as the preferred phos
phate donor [38]. ATP is commonly used as a 
phosphate-donor in most assays to measure 
DCK-activity. It has been shown to be an effi
cient phosphate donor in various studies. How
ever, the enzyme has been shown to also utilize 
UTP and GTP. Recently it was shown that the 
phosphorylation efficiency (V max ! Km) for dC and 
AraC was greatest in the presence of UTP rather 
than ATP as the phosphate-donor [39, 40]. 

DCK as a Target for Resistance Research 

Several of the enzymes and regulation systems 
in the pyrimidine salvage pathway have been 
targets for research into the mechanism of 
(acquired) Ara-C resistance. In Ara-C resistant 
leukemic cells of patients with a poor clinical 
response, dCyd-deaminase activity was found to 
be higher than in patients with a good response 
[50]. More recent reports however have not con
firmed these findings and suggest a negligible 
role for dCyd deaminase in the development of 
Ara-C resistance [51]. An increased intracellular 
dCTP-pool size was found in Ara-C resistant cell 
lines and is believed to contribute to resistance 
through negative feedback inhibition of DCK as 

well as through competetive inhibition of DNA 
polymerases [52,26]. However, the most consis
tent observation in Ara-C resistant leukemic ceH 
lines, dating as far back as 1965, is the absence of 
measurable DCK activity [53, 35, 54]. DCK defi
ciency can be considered as a marker of Ara-C 
resistance in acute leukemia and DCK has 
become a prime target for research into the 
mechanism of Ara-C (and DAC-) resistance. 

In 1978 Meyers & Kreis isolated the DCK-pro
tein from an in vivo mouse neoplasm resistant to 
Ara-C (P815!AraC) and found its activity 90-fold 
decreased compared to the enzyme isolated from 
the same, but Ara-C sensitive neoplasm (P815). 
They argued that loss of function might be the 
result of a loss of structural features and demon
strated that the overall amino acid composition 
of the DCK protein isolated from the P815! AraC 
neoplasm differed from the protein of the sensi
tive cells [55, 35]. Based upon their observations 
they postulated a model of mutational inactiva
tion of the DCK enzyme in Ara-C resistant cells. 

It has not been untill recently, that genetic 
analysis of the DCK locus and of its transcrip
tional and translational control has been facili
tated by the cloning of the human DCK-cDNA 
sequence and by the subsequent elucidation of 
the genomic structure of the human DCK gene 
[56,57]. In addition, we were able to localize the 
DCK gene to chromosome 4 band qI3.3-q21.1 by 
me ans of fluorescence in situ hybridization [58]. 
Owens et al. were the first to identify the molec
ular basis of DCK-deficiency in AraC-resistant 
T-lymphoblastic celliines [59]. Two mutations 
could be characterized in cloned DCK comple
mentary DNA's of the AraC-resistant cell line. 
One allele showed a 115 bp deletion correspond
ing to the fifth exon of the DCK gene, whereas 
the other allele carried a G to A transition at 
nucleotide 242, which is located in the concen
sus ATP-binding domain of the cDNA. Bacterial 
expression ofboth mutant DCK cDNA's showed 
an almost fuHy diminished catalytic activity of 
the mutant protein. To date, this has been the 
only published report describing mutational 
inactivation of DCK. 

Development of a Model for the Study 
of Mutationallnactivation of DCK 

Over the years, we have adapted and expanded 
an in vitro model of Ara-C resistant rat myeloid 
leukemia, consisting of numerous celliines that 



are either resistant to AraC or DAC and that are 
either of clonal origin or cultured as heteroge
neous cell populations. The model was derived 
from an in vivo model for acute myeloid 
leukemia in Brown Norway rats (BNML), that 
was originally developed at the Radiobiological 
Institute at TNO in Rijswijk (The Netherlands) 
[60,61]. Within this model a cellline originating 
from the bone marrow of leukemic rats was 
propagated in vitro and named IPC-81 [62]. We 
now maintain this cellline as RCL/O (or BNML
C1!O). Ara-C resistance was developed in vivo in 
the BNML model and an autonomously growing 
Ara-C resistant cellline was derived from it and 
named BNML-Cl/Ara-C [63]. We maintain this 
line as RCL/A [54]. 

In order to compare the phenotypic and the 
genotypic characteristics of Ara-C resistance, we 
cloned the RCL/ A cellline in a limiting dilution 
assay (LDA) and obtained several homogeneous 
Ara-C resistant sub clones: RAh,2,4 and 7. 
Secondly, in vitro resistance to DAC was 
induced in the parent RCL/O cellline by expos
ing it to gradually increasing concentrations of 
the drug, over a 160-days period. We obtained a 
DAC-resistant celliine, RCL/D, and subsequent
ly cloned it in a LDA, yielding the clonal lines 
RDh and RDh Cross-resistance was observed 
for both drugs in each of the resistant celliines. 
We initially studied DCK inactivation in this 
model at the level of enzyme activity, and found 
that all Ara-C and DAC-resistant lines and 
clones were DCK deficient. Metabolization of 
either Ara-C or DAC was undetectable in the 
RCL/A, the RCL/D and the clonal sublines. We 
could still measure dC phosphorylation, but 
with calculated Km -values increased 70- to 100-
fold as compared to wild type RCL/O cells, 
showing a strongly decreased affinity of the 
enzyme for its natural substrate. Determination 
of kinetic constants revealed Km-values of 9.4 
~M (dC), 378.5 ~M (Ara-C) and 31.2 ~M (DAC) 
[54]· 

To be able to perform a genetic analysis of 
the DCK locus we developed a rat specific poly
merase chain reaction (PCR) system. We syn
thesized oligonucleotide primers based on the 
human DCK-cDNA sequence as it was published 
by Chottiner et al. [56], and used them to per
form PCR on rat cDNA on the assumption of 
conservation of the DCK sequence between man 
and rat. The PCR protocol permitted amplifica
tion of DCK-specific sequences from rat (and 
human) cDNA, that was reverse transcribed 

from poly(A)-mRNA isolated from all celllines. 
We have recently obtained the full rat DCK
cDNA from a phage lambda rat lymphocyte 
cDNA library [64]. Sequence determination 
revealed a 89.?'Yo homology at the nucleotide 
level, with only 21 out of the enzymes 260 amino 
acids different. 

Currently we are undertaking detailed genetic 
analysis of this model. We are studying mRNA 
expression by PCR and Northern blotting, and 
will look for evidence of mutation al events 
affecting the DCK locus by Southern blotting 
and by detection of Single Stranded Confor
mation Polymorphisms (SSCP). Our preliminary 
results, as presented in recent communications 
[65], support the possibility of mutational inac
tivation of DCK. 

In order to be able to compare Ara-C and 
DAC resistance more precisely we will expand 
the model. Wehave cloned the RCL/O cell line 
and obtained the clones ROh, 2 and 3. In each of 
these three genetically and phenotypically 
homogeneous clones we are currently inducing 
either Ara-C or DAC-resistance, following tight
ly scheduled induction schemes. Exposure will 
start at a level 100-fold below ID50 doses and 
will be increased at approximately 20 two week 
intervals up to otherwise lethai doses. We aim to 
identify mutational events affecting the DCK 
locus in each of the resulting resistant clones, 
and compare differences between individually 
generated clones as well as between Ara-C and 
DAC resistance. 

Secondly, this model will facilitate under
standing of the mechanism of resistance induc
tion. If mutations can be induced by exposure to 
either AraC or DAC in cells of clonal origin, this 
will support the hypothesis that de novo muta
tions of the DCK gene can occur, as opposed to 
the idea of preferential outgrowth (from a het
erogeneous population) of cells that already 
harbour such mutations (clonal selection). The 
latter might provide insight into the mechanism 
underlying primary drug-resistance in patients. 
During the course of induction of resistance, 
RNA and DNA sampies can be collected before 
each dosis increase in order to determine 
whether or not mutations occur at a specific 
AraC- or DAC-dosis. We will also determine 
DCK activity at each interval, in order to deter
mine at which drug-dosage DCK deficiency 
becomes apparent. From these experiments we 
hope to be able to determine the sequence of 
events that proceeds a resistant phenotype. 
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Finally, the model allows evaluation of cross 
resistance for more recently developed dCyd, dA 
and dGuo analogs that are used as anticancer 
or antiviral agents. 2',2' -difluorodeoxycytidine 
(dFdC), used against several solid tumors, 2',3'
dideoxycytidine (ddC), used as an anti HIV drug 
in AIDS treatment, and 2-chlorodeoxyadenosine 
(CdA), used for treatment of Hairy ceIlleukemia 
refractory to (l-Interferon, are all substrates of 
DCK. The outcome of testing, within this model, 
for their potential to induce resistance could 
have prognostic significance for the choice of 
treatment and drug doses in each of these malig
nancies [66-68]. 

Through genetic analysis of the DCK locus 
during the course of resistance induction, within 
this weIl defined rat model for human AML, we 
hope to contribute to the identification of the 
events that eventually confer drug-resistance in 
AML. 
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Expression of P-Glycoprotein in Children and Adults with Leukemia -
Correlation with Clinical Outcome 
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and Marek Karwacki 

Abstract. The multidrug resistance (MDR) phe
nomen on has been shown to be associated with 
the expression of P-glycoprotein (P-gp), the 
product of mdr-l gene. In the present study the 
expression of P-gp was investigated in 40 chil
dren, 21 adults' leukaemia and 10 healthy 
donors' sampies. The presence of P-gp was eval
uated by the immunohistochemical method 
(APAAP), with three different monoclonal anti
bodies (MAb's) directed against separate intra
(C219, JSB-l) and extra-cellular (MRKI6) epi
topes of P-gp. Human leukaemic celliine (K562) 
and Vincristine resistant (K562VCR) subline 
served as negative and positive controls for 
C219, JSB-l and MRK16 staining, respectively. 
The expression ofP-gp was found in 14 out of 40 
(35%) children and in 8 out of 21 (38%) adults' 
leukemia cases. No expression of P-gp in 10 

healthy donors' sampies was observed. In chil
dren P-gp positive staining was detected in 3/8 
Acute Myeloid Leukemia (AML), 8126 Acute 
Lymphoblastic Leukemia (ALL), 1/1 Chronic 
Myeloid Leukemia (CML) and 215 Non 
Hodgkin's Lymphoma (NHL) cases. In adults P
gp positive staining was noticed in 7/17 AML, 1/4 
ALL cases. In children and adults sampies pat
tern of staining for P-gp was predominantly 
cytoplasmic, although a Golgi-associated dot 
like pattern of staining was also observed. 
Clinical follow up in children's and adults' 
leukemias reveals good response to induction 

chemotherapy both in P-gp positive and nega
tive patients. 

Introduction 

The phenomenon of multidrug resistance 
(MDR) is one of the factors responsible for the 
lack of tumor sensitivity to cytotoxic drugs, 
potentially limiting the effectiveness of cancer 
chemotherapy. Treatment with one drug can 
cause cross resistance to a wide variety of struc
turally unrelated drugs with a different mode of 
action [1]. Drug resistance has been shown to be 
associated with the expression of P-glycoprotein 
(P-gp), the product of the mdr-l gene [2]. In 
humans there are two closely related genes, the 
mdr-l and mdr-3 [3]. Only the mdr-l gene prod
uct has been linked to clinical and experimental 
multidrug resistance [4,5]. The function of mdr-
3 gene and its product remains unknown. 
Transfection experiments with mdr-l gene pro
vided the most direct evidence that P-glycopro
tein overexpression is responsible for the MDR 
phenotype [2, 6]. Structural analysis of mdr-l 
gene, encoding P-gp, reveals strong homology 
between P-gp and other transport proteins pre
sent in other organisms such as bacteria, yeast 
etc. [3,7-9]. The P-gp is 1280 amino acids long, 
consists of two homologous parts of approxi
mately equal length [7]. Structural analysis of 
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P-gp demonstrates that each part of P-gp con
sists of hydrophobie and hydrophilie segments. 
Each half of P-gp includes a hydrophobie region 
with six predicted transmembrane segments as 
well as a hydrophilie region [3, 7]. It has been 
demonstrated that hydrophobic regions have 
binding sites for drugs as well as for ATP and 
express internal ATP-ase activity [10]. The P-gp 
functions as an energy dependent pump for the 
efflux of diverse anti cancer drugs Le. 
Vincristine, Vinblastine, Adriamycin etc. from 
MDR cells. The overexpression of P-gp and 
expression of mdr-l gene has been reported in 
drug resistant celliines as well as in leukemias, 
lymphomas and solid tumors [4, 11-16]. The 
expression of P-gp was found in normal adult 
and foetal tissues with the highest level in the 
adrenal gland and organs with excretory func
tion: liver, colon and kidney. In other organs 
and tissues the expression of P-gp is low, or P
gp is not detected [11, 15, 17, 18]. The protein 
shows polarised expression in a number of nor
mal epithelial cells and in specialised capillary 
endothelium in brain, testis and so me high 
endothelial venules in lymph nodes [15-17, 19, 
20]. The physiologie role of P-gp and substrates 
for P-gp in normal cells are not known. P-gp 
plays probably an important role as one of the 
transport mechanisms within the tissues, or 
serves as one of the mechanisms protecting a 
normal or tumor cell from environmental tox
ins. The clinieal importance of P-gp expression 
is being currently extensively studied. The aim 
of the present study was to investigate the 
expression of P-gp in leukemia cases using mon
oclonal antibodies (MAb's) directed against 
intra- (C219, JSB-l) and extra-cellular (MRKI6) 
epitopes of P-gp. We would also like to compare 
the clinical outcome of patients with P-gp posi
tive and negative staining. 

Materials and Methods 

Patients. Forty children at presentation and at 
different stages of disease; 8 (AML), 26 (ALL), 
1 (CML) and 5 (NHL), (median age 8 9/12, range 
18/12-145/12) and twenty one adults at the stage 
of presentation; 17 AML, 4 ALL (median age 45 
6/12 range 18-77) were studied. Specimens 
obtained from ten healthy donors (6 children 
and 4 adults) were also studied. Adults' 
leukemia specimens for the study were retrieved 
from a blood bank. They were collected at the 
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diagnosis stage. Children's material was 
obtained at different stages of disease; 31 cases at 
diagnosis, 3 at remission, 1 in first, 4 at second 
and 1 at third relapse. The diagnosis was made 
on the basis of bone marrow aspiration biopsy, 
by conventional clinieal, morphologic, cyto
chemieal and immunologieal criteria. The 
French-Ameriean-British (FAB) classification 
was used. A complete remission (CR) was deter
mined as less than 5% of blasts counted in bone 
marrow smear [21]. All children investigated 
received treatment; in the case of AML and ALL 
it consisted of Berlin Frankfurt Münster (BFM) 
program BFM 83, BFM86 or BFM90 
(Vincristine, Rubidomycin, Asparaginase, 
Cytarabin, Cyclophosphamide). NHL patients 
were treated with COAMP (Cyclophosphamide, 
Vincristine, Doxorubicin, Methotrexate, 
Prednisone). Adults with AML received treat
ment with either Rubidomycin - Vincristine -
Cytarabin, or Mitoxantrone - Etoposid -
Cytarabin or Thioguanin - Cytarabin - Daunor
ubicin. ALL patients received treatment with 
Daunorubicin - Cyclophosphamide - Vincri
stine - Prednisone - Asparaginase. 

Methods 

Antibodies. Three monoclonal antibodies, direct
ed against separate epitopes of P-glycoprotein, 
were used; C219 (IgG2a) (Centocor, Diagnosties, 
USA) (13), JSB-l (IgGl) (Sanbio/Monosan, 
Netherlands) [22] and MRK-16 (IgG2a) (kindiy 
provided by Dr. T. Tsuruo, Cancer Chemo
therapy Center, Japanese Foundation for Cancer 
Research, Tokyo, Japan) [23]. 

Preparation of blast (el/s. Peripheral blood mono
nuclear cells (PBMC) from patients were 
obtained by Fieoll/Hypaque (F/H) (Pharmacia, 
Sweden) gradient centrifugation. After FIH sep
aration PBMC were washed three times in phos
phate buffer saline (PBS). 1 x 106 cells were 
resuspended in PBS and cytospins were pre
pared (Shandon, UK). After drying at room tem
perature cytospins were fixed in acetone for 5 
min., wrapped in Parafilm (American Can 
Company) and stored at (-) 70° C until used. 

Controls. Blasts from Vincristine (VCR) resistant 
human leukaemie cellline K562VCR, cultured in 
150nM of VCR, and VCR sensitive K562 celliine 
were used as positive and negative controls, 



respectively. K562VCR cellline had been shown 
to have elevated levels of mdr-l transcripts by 
solution hybridization (personal communica
tion Dr. A. Gruber, Division of Medicine, 
Karolinska Hospital, Stockholm, Sweden). Ten 
PBMC separated from healthy donors, 6 chil
dren and 4 adults' specimens, were also studied. 

Immunocytochemical staining. Before immunostain
ing cytospins were fixed once more in acetone 
for 5 min., rehydrated with Tris-buffered saline 
(TBS), preincubated with 1% Bovine Serum 
Albumin (BSA) and 1% normal human serum 
(NHS). Primary MAb's C219, JSB-l and MRK16 
were applied overnight at 4ft C in a moist cham
ber. The Alkaline Phosphatase Anti Alkaline 
Phosphatase (APAAP) method was used [241. 
Briefly after incubation with primary antibodies 
the slides were incubated with rabbit anti mouse 
immunoglobulins and AP AAP complex both 
(Dakopatts, Glostrup, Denmark). The second 
and the third steps were repeated to enhance the 
reaction. Between consecutive steps slides were 
washed three times in TBS. A Vector SK5100 
(Vector Lab., Burlingame, USA) red kit was used 
to develop the color product of enzymatic reac
tion. Nucleoli were counterstained with Mayer's 
Hematoxylin and were mounted with gelatine
glycerol mounting solution. The slides were 
evaluated at the light microscope. Appopriate 
positive and negative controls were also 
employed. Negative controls included omission 
of primary antibody as weIl as reconstitution of 
primary MAb's with irrelevant immunoglobu
lins of the same isotypes. Wehave considered, 
as a positive staining for P-gp, that case which 
was positive with at least two MAb's. Intensity of 
staining was evaluated as strong, moderate, 
weak and no staining on 200 ceIls counted at the 
light microscope in random choosen fields. 

Results 

Reactivity of MAb's on contral sJides. The Vincristine 
resistant K562VCR subline showed consistent 
reactivity with three antibodies. The intensity of 
staining varied from moderate to strong. Weak 
staining and occasionaIly no staining was also 
noticed. The cytoplasmic staining with C219 and 
JSB-l MAb's and membrane staining with MRK-
16 was observed. In Vincristine sensitive K562 
ceIl line and ten PBMC sampies obtained from 

healthy donors no reactivity with three antibod
ies was detected. 

Reactivity with three MAb's on blast cel/s. Table 1 and 2 
summarises clinical data and' immunohisto
chemical staining for the P-gp. A positive stain
ing for P-gp was detected in 14 out of 40 (35%) 
children's and in 8 out of 21 (38%) adults' cases. 
In children specimens staining for P-gp was 
detected in 10 out of 31 [32%) newly diagnosed 
cases and in 4 out of 9 [44%) cases during 
remission or relapse. One ca se, labeIled in 
Table 1 "a"and "A", was P-gp positive at presen
tation and in relapse. In children's and adults' 
cases predominantly cytoplasmic and mem
brane staining was seen. A dot like - Golgi asso
ciated staining with JSB-l and granular 
intracytoplasmic staining with C219 and JSB-l 
antibodies was also observed. MRK-16 antibody 
displayed membrane staining. The intensity of 
staining with three antibodies varied within the 
cases examined and was labeled as weak (range 
9%-79%) median 38,2 or moderate to strong 
(range 5%-47%) median 13,6. Commonly weaker 

Table 1. Expression of P-gp in adult leukemias 

~~ & 
No FAß P-gp( +) Response Stage Group 

AML2 MI CR 0 A 
+ CR 0 0 

AMLS M4 + CR 0 0 
CR 0 0 

+ CR 0 A 
CR 0 0 
CR 0 A 

AML2 Msa + CR 0 0 
+ CR 0 nd 

CR 0 A 
AML3 Msb CR 0 nd 

CR 0 0 
CR 0 nd 
CR 0 A 

AML3 MDS CR 0 0 
+ CR 0 nd 
+ CR 0 0 

ALL 3 preß + CR 0 A 
CR 0 A 
CR 0 ß 

Alll T CR 0 nd 

AML-Acute Myeloid Leukemia, ALL-Acute Lympho
blastic Leukemia, MDS-Myelo Dysplastic Syndrome, 
CR-complete remision, (+ )-positive staining for 
P-gp, (- )-negative staining for P-gp, Stage-stage of 
disease: o-at presentation, ß-ß lymphocytes, T - T 
lymphocytes, nd-no data 
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staining with C219 MAb in comparison to stain
ing O[JSB-l and MRK-16 MAb's was observed. 

Correlotion of P-gp staining with age, cJinical outcome and 
ABO blood group. Forty children's specimens were 

Table 2. Expression ofP-gp in childhood leukemias 

Type/ 
No 

AML1 
AML1 
AML5 

AML1 
ALL 5 

ALL 7 

ALL 11 

ALL 2 

ALL 1 
CML1 
NHL5 

FAB 

11/2 

P-gp 
( + ) Response 

CR 
PR# 
RES# 

a+ CR 
A+ REL# 
+ CR 

CR 
CR 

+ CR 
+ CR# 

CR/REL 
REL 
CR 
CR 
CR 

+ CR 
+ CR 

CR 
CR 
CR 
CR 
CR 
CR 
CR 

+ eR 
+ CR 
+ CR 
+ CR/REL# 

CR 
CR 
CR 
REL 
CR 
CR 

+ CR 
CR 
CR 

+ # 
+ CR 

# 

BI. 
Stage group 

II A 
o A 
o A 
o B 
I B 
rem A 
o B 
o A 
o A 
o 0 
III B 
II A 
o 0 
o A 
o A 
o nd 
rem A 
o 0 
o A 
o A 
o AB 
o 0 
o A 
o B 
o B 
o A 
o nd 
o B 
o A 
o A 
o A 
II 0 
rem A 
o 0 
o nd 
o AB 
o nd 
o A 
I A 
o 0 

AML-Acute Myeloid Leukemia, ALL-Acute Lympho
blastic Leukemia, CML-Chronic Myelogenous 
Leukemia, NHL-Non Hodgkin's Lymphoma, CR
complete remission, PR-partial remission, REL
relapse, RES-resistant, (+ )-positive staining for P-gp, 
( - )-negative staining for P-gp, Stage-stage of dis
ease: o-at presentation, rem-at remission, I-at first 
relapse, lI-at second relapse, III-at third relapse, a 
and A staining for P-gp at that same case n the interval 
of 13 months, #-death 
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investigated for the presence of P-gp Table 2. 
Thirty one cases of children, 10 P-gp( +) and 21 
P-gp( -), were investigated at presentation. 
Complete remission was obtained in 7 P-gp( + ) 
(22%) and 18 P-gp( -) (58%). In the three 
remaining P-gp( +) cases one CR was followed 
by death, in one death occurred without achiev
ing of CR and one CR was followed by relapse 
and death. In 21 P-gp( - ) cases at presentation 
CR was observed in 18 cases. In three remaining 
P-gp( -) cases one PR was followed by death, 
one case was apriori resistant to chemotherapy 
and was followed by death, and in one death 
occurred without achieving CR. Nine cases were 
examined at different stages of disease; 3 at 
remission, 2 at first relapse, 3 at second and 1 at 
third relapse. P-gp positive staining was detect
ed in 4 out of 9 cases (two at remission, one at 
first relapse and two at second relapse). In 21 
adults' sampies examined at presentation Table 
1.1 CR were observed in 8 P-gp( +) (38%) and 13 
P-gp( -) (61%) cases. In the present study posi
tive staining for P-gp was compared with ABO 
blood groups, F AB dassification, and the age of 
the patients. No significant correlation between 
P-gp expression and these parameters was 
found. 

Discussion 

In recent years, significant advances have been 
made in our understanding of the biological 
behaviour of human tumor cells. Immuno
histochemistry (IC), with specific monodonal 
antibodies, plays a significant role in these stud
ies. The sensitivity of IC methods is high enough 
to detect a small amount of the antigen(s), 
moreover it allows to determine the morphology 
of the cell [24]. P-glycoprotein is widely accept
ed, in vitro models, as a factor responsible for 
generating dassical MDR phenotype [2, 5, 6]. 
The role of the P-gp in human tumors in vivo is 
currently being extensively studied [4, 12, 14-16, 
25, 26]. This study reports expression of P-gp at 
high frequencies in 35% of children's and 38% of 
adults leukemias as detected with three mono
donal antibodies; C219, JSB-l and MRK-16 [13, 
17, 19, 22, 23, 27]. The specificity of these anti
bodies has not yet been fully characterised [19, 
28]. The C219 MAb seems not only to detect the 
carboxy-terminal part of the protein, the prod
uct ofmdr-l gene, but also reacts with the mdr-3 
gene product [u]. Thiebaut et aL report cross 



reactivity of C219 MAb with 200kDa (heavy 
chain) protein present in myosin molecules in 
the skeletal and heart muscle [19]. Cross block
ing experiments reveal that the JSB-1 MAb react 
with epitope distinct from epitope recognised by 
C219 [28]. Weinstein et al. report predominant, 
Golgi associated staining with C219 and JSB-1 
MAb's, with epithelial cells carrying antigens to 
blood group A. Further investigations revealed 
that so me batches of MAb's C219 and JSB-1 con
tain technological contamination which cause 
unspecific bindings of MAb's to the particular A 
group structure present on the epithelium [29, 
30]. The MRK-16 MAb reacts with the epitope 
localised on the external surface of the cell 
membrane [23,27]. This part ofthe P-gp shows 
a weak sequence homology between mdr-1 and 
mdr-3 gene. This suggests that MRK-16 should 
not crossreact with the mdr-3 gene product. So 
far a few studies of multidrug resistance, related 
to expression of P-glycoprotein, in leukemias 
have been reported [31-35]. The expression of P
glycoprotein or amplification of mdr-1 gene 
have been studied in several hematologic malig
nancies and solid tumors with molecular biolo
gy and immunohistochemical techniques [4,15, 
16, 25, 26, 28, 34]. There were reports in which 
amplification of mdr-1 gene without the pres
ence of P-gp was found [32]. In others the 
expression of P-gp was found without amplifica
tion of mdr-1 gene [31]. These reports point out 
that more complicated mechanisms are involved 
in mdr-1 gene regulation or imperfect methods 
for detection of mdr-1 mRNA or P-gp are used. 
An ideal assay should be able to discriminate 
between a product of mdr-1 and mdr-J gene. 
Probably more specific new antibodies should 
be generated against P-gp molecule in the 
future. The clinical importance of immunostain
ing, showing only a few positive cells, is still 
unclear. Therefore in IC studies it is very impor
tant to establish a threshold level above which 
we will be able to enumerate our results as posi
tive. On the other hand, clonal development of 
MDR cells between tumor cells raises the ques
tion whether 1 or 100 cells should be counted as 
a threshold level. Clonal growth may be an 
important factor in the further promotion of 
MDR phenotype from detected scattered P-gp 
positive cells. Goasguen et al. put the threshold 
level at 1% of P-gp positive cells in their studies 
[36]. We have reported variability in intensity of 

staining with three antibodies. Goasguen et al. 
report similar results. They also found a differ
ence in intensity of staining with C219 and JSB-1 
MAb's. The intensity of staining with JSB-1 was 
higher than with C219 MAb [36]. The first detec
tion of MDR phenotype with C219 MAb was 
reported by Ma et al. in two longitudinally stud
ied patients. They found an increasing propor
tion of P-gp (+) cells during chemotherapy [35]. 
In the present study P-gp was detected in high 
frequencies in children's (35%) and adults' 
(38%) leukemia cases. P-gp staining was com
pared to clinical response to chemotherapy. A 
significant increase of CR after chemotherapy in 
P-gp (-) patients in both studied groups in 
comparison to P-gp( +) cases was observed. 
Musto et al. report higher incidence of relapsed 
patients, while during the presentation or CR P
gp was detected in leukemic cells [34]. The pre
sent study reports variable expression of P-gp 
positive cells range from 9-79% labelIed as weak 
and 5-47% as a moderate to strong staining. 
Musto et al. also report heterogenous expression 
of P-gp (+) cells range< 1% to 100% in various 
hematologic malignancies [33, 34]. Zhou et al. 
too, found a high incidence of mdr-1 gene 
expression by IC 27% and by slot blot 43% in 
newly diagnosed and relapsed patients [37]. In 
the present study we have found a higher inci
dence of P-gp positive cases in relapsed patients 
than in the investigated cases at presentation. 
Similar results are reported by Zhou et al. 
Goasguen et al. [36,37]. Kuwazuru et al. report 
higher refractoriness to chemotherapy in 
patients with P-gp( +) cases [38]. The presence 
of P-gp positive cells might identify a subset of 
patients with potential enormous risk of relapse. 
In the present study clinical follow up in chil
dren's and adults' leukemias reveals a good 
initial response to induction chemotherapy 
introduced to the newly diagnosed leukemias. 
Complete remission was higher in P-gp negative 
than in P-gp positive cases. In P-gp( +) relapsed 
cases of ALL and AML death occurred more fre
quently than in newly diagnosed cases. 
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Introduction 

MDR1 gene is responsible for resistanee to a 
number of drugs eonventionally used for the 
treatment of acute myelogenous leukemia 
in vitro and in vivo [1,2). The dinical signifi
eanee of this fact is still obseure. There are no 
consiee dinieal data, randomized trials and wide 
retrospeetive studies proving the neeessity of 
adding drugs for overeoming MDR1 gene 
expression to eonventional ehemotherapy [2,3). 
The possible role of other genes involved in eell 
eyde regulation and apoptosis (mye, P53, e-kit, 
TGF-beta)on the results of ehemotherapy is also 
diseussed [6). Moreover it was shown that so me 
of the above mentioned genes are mutually reg
ulated [7). 

That is why the aim of this study was the 
evaluation of MDR1, mye, TGF-beta genes in 
hemopoetic eells in AML patients in relation 
to prognosis, induetion therapy and other dini
cal data. 

Materials and Methods 

28 patients with primary or pretreated AML 
were induded in the eurrent study (from 2 to 7 
times). "7+3" and TAD-HAM regimens were 
used for treatment. A number of induded 
patients were pretreated in other hospitals with 
less intensive regimens ("5+2", low doses Ara
C). Two patients sueeessfully underwent autolo
gous BMT. Gene expression was studied by the 

method of hybridization in situ [8) with some 
slight modifieations. 

Results and Discussion 

Results of treatment of AML by "7+3" and 
TAD-HAM are presented in Figure 1 and 2. The 
more intensive regimen, TAD-HAM, seems to 
be more effeetive. At the onset of disease MDR1 
gene expression was studied in 8 patients. Two 
of them expressed MDR1 in their hemopoetie 
eells. Both MDR1 + patients were treated by 
"7+3". 

One of them ente red a eomplete remission, 
the other failed. Six MDRl- patients were treated 
with "7+3" or TAD-HAM. CR was obtained in 
five of them. The study of MDRI expression 
appeared to be nonsignifieant in relation to 
obtaining CR (p < 0.05). So, MDRI + phenotype 
is not frequent in primary patients and it seems 
to have no impact on the results of eonventional 
ehemotherapy. 

Thereafter we have analyzed MDR1 gene 
expression in a population of patients earlier 
treated by regimens less intensive than "7+3" 
(Fig. 3). It appeared that this kind of therapy 
induees MDR1 expression. It stresses onee more 
that intensive regimens should be used from the 
beginning. The possible role of the induetion of 
MDR1 gene expression on further CR was stud
ied. Patients treated by all types of regimens 
were induded. In 12 patients with indueed 
MDR1 9 failed to obtain CR. 8 patients with 
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Fig. 3. Expression of MDR1 in early stages of different 
regimens (before remission) in AML patients in rela
tion to remission induction 
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Fig. 4. Expression of MDR1 gene in early stages 
(before remission) in intensive regimens ("7+3" and 
TAD-HAM) in AML patients in relation to remission 
induction 

absence of MDR1 induction entered eR (differ
ence is statisticaUy significant, p < 0.01). 

When including patients only on intensive 
regiments ("7+3", TAD-HAM (n = 14» the dif
ference appeared to be not significant (p< 0.05, 
Fig. 4). So, it seems that the use of fun dose 
intensive regimens re duces the value of MDR1 
expression evaluation. In one patient with high 
MDR1 expression and resistant AML it was pos
sible to overcome resistance by cyclosporin A. 
This did not result in any laboratory improvals. 
Three patients abrupted the expression of MDR1 
gene after intensive chemotherapy used, only in 
two of them eR was obtained. Resistance in 
these patients were probably due to other mech
anisms [9]. 

In 7 patients studied in eR 5 expressed MDR1 
in their hemopoetic cens. There was no difference 
in the type of induction therapy ("7+ 3" or T AD
HAM). Resistant phenotype in eR did not depend 
on previous therapy ("7+3" or TAD-HAM). 

These results may be due to the overgrowth 
of normal hemopoetic cens expressing high lev
els ofMDRl expression [10]. 

P53 gene was not expressed in 7 primary AML 
patients. Absence of its expression may pre
vent apoptosis and results in progression of 
leukemia. It is weH known that RNA translation 
may not result in the production of the pro tein. 
However, it was shown that ceils expressing 
MDR1 do produce appropriate protein [4]. 
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Patients expressing MDR1 in eR did not dif
fer in their response to the treatment in compar
ison to MDR1-patients. Some of them had 
undergone autoBMT, the rest were rotated 
according to the Buchner regimen. 

P53 gene was not expressed in haemopoetic 
ceUs in AML patients before treatment. After 
initialization of chemotherapy the expression 
was found in 8/15 patients. This fact is coinci
dent with the role of P53 in favouring pro
grammed ceU death in ceils exposed to cytotoxic 
agents [6]. P53, TGF-beta genes expression 
appeared to be not significant in relation to eR. 
No relationship was found between the expres
sion of above mentioned genes and MDR1 gene. 
This is coincident with the experimental data of 
no mutual regulation between MDR1 and P53 
[11,12]. 

Conclusions 

1. Primarily MDR1 + phenotype is rather rare in 
AML. 

2. Not intensive chemotherapy can induce 
MDR1 gene expression. 

3. Very intensive regimen (TAD-HAM] seems 
not be inductive for MDR1 gene expression. 

4. Early induction of MDR1 expression on not 
intensive regiment is of predictive value for 
eR failure. 

5. Discordant expression of MDR and P53 in 
AML claims no mutual regulation at least in 
this disorder. 

6. Induction of MDR gene expression in postre
mission hemopoetic cens seems to be of no 
prognostic significance. 

7. It appeared that 2/2 patients with high 
expression of myc resulted in early death on 
very intensive regimens (T AD-HAM). 

8. TGF beta gene expression seems to be of no 
prognostic significance in primary AML 
patients. 

References 

1. Andreeff M., Zhao S., Drach D., Hegewish S. et al. 
Expression of multidrug resistance and P53 genes 
in hematological cell systems: implications for 
biology and gene therapy. Cancer Bull, 1993, v.45, 
P131- 138. 

2. Mc Lachlin Y.R., Englitis M.A.,Ueda K., Expression 
of a human complementary DNA for the mul
tidrug resistance gene in murine hematopoetic 



precursor cells with the use of retroviral gene 
transfer. J. Natl. Cancer Inst. 1990, V.82, p.1260. 

3. Lum B.L., Kanbisch S., Yataha A.M. et al. Alter 
pharmacokinetics and pharmacodynamics by 
cyclosporine in a phase 1 trial to modulate mul
tidrug resistance. Y. Clin. Oncol. 1992, V.lO, P.1635. 

4. Yahama A.M., Adler K.M., Fisher G.A. Phase I trial 
with etoposide with cyclosporin as modulator of 
multidrug resistance. Y. Clin. Oncol. 1992, V.lO, 
p.1624. 

5. Haber D.A., Multidrug resistance (MDR1) in 
leukemias: is it time to test. Blood 1992, V.79, P.259. 

6. Sachs L., Lotem Y. Control of programmed cell 
death in normal and leukemic cells: new implica
tions for therapy. Blood 1993, V.82, p.15. 

7. Zhao Z, Drach D., Hu G., et al. Modulation of 
activity of the promoter of the human MDR1 gene 
by ras and P53. Science 1992, v.255, P.459. 

8. Kunzl., Mielke R., Leohr G.W., Fauzer A.A. 
Detection of messenger RNAs within hybridization 

on small slide areas. Exp. Hematol. 1988, 16, 
394-399· 

9. Moscow J.A., Cowan K.H. Multidrug resistance. J. 
Natl. Cancer Inst. 1988, v.80, p.14-20. 

10. Drach D., Zhao Z, Drach Y., Mahadevia R., 
Gatringer C., Huber H., Andreeff M. Sub
populations on normal peripheral blood and bone 
marrow cells express a functional multidrug resis
tant phenotype. Blood 1992, v.80, p.2729. 

11. Andreeff M. Biological characterization and thera
py monitoring of leukemia. In: Laerum O.D., 
Bierkues P., etc. Flow cytometry in hematology. 
London, England. Academia Press 1992, P.231. 

12. Lotem Y., Such L. Regulation by bcl-2, myc and P53 
of susceptibility to induction of apoptosis by heat 
shock and cancer chemotherapy compounds in 
differentiation component and defective myeloid 
leukemic cells. Cell Growth Differ 1993, V.4, p.41. 

111 



Acute Leukemias V 
Experimental Approaches 
and Management of Refractory Diseases 
Hiddemann et al. (Eds.) 
© Springer-Verlag Berlin Heidelberg 1996 

Mitoxantrone/Cytarabine with or without Quinine as a Potential MDR
Reversing Agent for the Treatment of Acute Leukemias 

E. Solary', D. Caillot, F. Witz, P. Moreau, P. Genne, B. Desablens, J. Y. Cahn, A. Sadoun, B. Pignon, J. F. Abgrall, 
F. Maloisel, D. Guyotat, P. Casassus, N. I~rah, P. Lamy, B. Audhuy, P. Colombat, and J. L. Harousseau 

Abstract. We demonstrated previously that sera 
from quinine-treated patients reversed the MDR 
phenotype in vitro. Then, the combination of 
quinine with mitoxantrone (MTX) and cytara
bine (Ara-C) was shown to be well-tolerated in 
patients with acute leukemias. To answer the 
question whether the response rate could be 
improved by quinine, we designed a phase III 
multieentric study. During the first year, the 
trial involved 112 adult patients (age 18-65Y) 
with either relapsed or refractory acute 
myeloblastie or lymphoblastie leukemia or sec
ondary leukemia or blastic transformation of 
myelodysplastie or myeloproliferative syn
drome. All patients were treated with a combi
nation of MTX (12 mg/m'/day - 4 days) and 
Ara-C (1 g/m'/12h - 5 days - 3 hrs iv infusion). 
After randomisation, 55 patients also received 
quinine (30 mg/kg/d - 5 days - beginning 24 hrs 
before MTX infusion). A 20% dose decrease was 
necessary in 14 patients due to vertigo or tinni
tus and quinine was discontinued in 1 patient, 
due to excessive QT extension The remaining 57 
patients received the chemotherapy alone. Toxie 
death was observed in 2 patients (one in each 
group) and ten patients (7 in quinine-treated 
group) died in aplasia before day 30. Response 
was assessable in 106 patients. As compared 
with the patients treated with MTX-Ara-C only, 
the patients treated with MTX-Ara-C plus qui
nine had a higher overall rate of response [29 / 
52 (56%) versus 26 / 54 (48%)]. However, this 
difference is not significant. Quinine increased 
the duration of neutropenia (28,3 vs 23,9 days; 
p< 0.05) and thrombopenia (35 vs 28,3; P = 

0.02). The incidence of nausea, vomiting and 

mucositis was also significantly higher in the 
quinine-treated group. This partial analysis con
firmed the feasibility of using quinine in combi
nation with MTX and Ara-C and suggested a 
trends for quinine to improve the response rate 
although these results have to be confirmed by 
the extended study. 

Introduction 

Failure of conventional regimens combining an 
anthracycline or an aminoanthraquinone with 
cytarabine or etoposide was related to primary 
or secondary resistance of leukemie cells to 
cytotoxie drugs [1]. Among the described mech
anisms of resistance, the multidrug resistance 
(MDR) phenotype [2] has been identified in 
more than 50% of relapsed or refractory acute 
leukemias and related to lower response rate 
to conventional treatment [3-6]. The decreased 
intracellular accumulation of a variery of anti
neoplastie agents characteristie of this pheno
type can be reversed in vitro by various 
noncytotoxie agents [7-12]. However, the in vivo 
use of most of these agents is precluded by 
serum protein binding or clinieal toxicity [11,12]. 

We previously demonstrated that intra
venous infusion of conventional doses of qui
nine allowed to reach sufficient concentration in 
serum to reverse the anthracycline resistance of 
rat colon cancer cells and MDR human leukemie 
cells [13,14]. Then, we defined the conditions for 
use of quinine as an MDR modifier [14]. We per
formed a phase land II clinical trial to demon-
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strate that quinine could be used safely in com
bination with mitoxantrone (MTX) and cytara
bine (Ara-C) for the treatment of clinically 
resistant acute leukemias [15]. Here we report 
the partial analysis of a phase III multicentric 
study that was designed to answer the question 
whether the response rate could be improved by 
quinine. In this trial, patients with either re
lapsed or secondary or refractory acute leu
kemia were treated with a combination of MTX 
and Ara-C. After randomisation, half patients 
also received quinine as a potential MDR
reversing agent. 

Patients and Methods 

Patients. This study is an opened phase III trial 
with 15 participating medical centers, initiated in 
march 1992. Patients eligible for the study are 
those older than 14 and younger than 66 years of 
age with a bone-marrow diagnosis of acute non
lymphoblastic or lymphoblastic leukemia as 
defined by the French-American-British classifi
cation system. These patients either have 
relapsed from or are refractory to standard first 
line chemotherapy, which sometimes included 
bone-marrow transplantation. Patients with sec
ondary leukemia or blastic transformation of 
myelodysplastic or myeloproliferative syndrome 
are also eligible. 

Other eligibility criteria included adequate 
kidney and hepatic functions (creatinine clear
ance < 250 mol/Li serum bilirubin< 14 mg/L, 
transaminases < 4N), cardiac ejection fraction, 
and cumu1ative dose of anthracycline 1ess than 
400 mg/m2 adriamycin-equivalent. 

Regimen. The therapy regimen consisted of Ara
C 1 g/m2 administered by 2-hour IV infusion 
twice a day on days 1 through 5 and mitox
antrone 12 mg/m2 as a 30-minutes infusion on 
days 2 through 5. After randomisation, half 
patients received quinine formiate (Quino
forme; Vaillant -Defresne, Courbevoie, France) 
at a dosage of 30 mg/kg/d started 24 hours 
before the first dose of mitoxantrone and 
administered in continuous IV infusion until 24 
hours after the end of the last mitoxantrone 
infusion. Toxicity was assessed according to the 
WHO grading system. Complete remission (CR) 
was defined by the disappearance of leukemic 
blasts from the bone-marrow and blood as weIl 
as possib1e extramedullary sites, including the 

cerebral fluid, and the normalization of periph
eral granulocytes count to more than 1,500/,..tl. 
Partial response (PR) was defined by a percent
age ofbone-marrow blast cells lower than 25%, a 
percentage of peripheral-blood blast cells lower 
than 5%, and peripheral-blood granulocytes 
more than 1,000/1l1. The duration of critical 
cytopenia was evaluated by the time for leuko
cyte (> 1000/1l1), granulocyte (> 500/1ll), and 
thrombocyte (> 100000/1l1) recoveries from the 
onset of treatment. 

Ex vivo assay. MDR-positive DXR/K12/PROb cells 
(2 x 105) were seeded in microtiter plates (24 
wells/plate) and cultured for 24 ho urs as 
described [11]. Cells were incubated for 4 hours 
at 37°C with 20 IlM doxorubicin (97% non 
radioactive DXR; 3% ['4C]-DXR) diluted in 0.5 
ml of serum-free Ham's F-lO medium or serum 
from patients. After incubation, cells were 
rinsed three times with ice-cold phosphate
buffered saline, trypsinized, and transferred into 
counting vials with 3 ml scintillant liquid (LKB, 
Stockholm, Sweden). The radioactivity was mea
sured on a ß scintillation counter (LKB 1214; 
Rackbeta, Stockholm, Sweden). 

Statistical analysis. The characteristics of the pati
ents before treatment and their response rates 
were compared by the Chi-squared test or the 
Fisher's exact test. Mann Whitney-test was used 
to compare quantitative parameters. A two-way 
analysis of variance was performed to compare 
hepatic enzymes and bilirubinemia changes 
induced by the treatments in quinine-treated 
and contr01 groups. 

Results 

Patient's characteristics. From march 1992 to febru
ary 1993, 112 patients entered the trial (55 
received quinine, 57 were treated without qui
nine). The clinical characteristics of the patients 
in the two treatment groups were similar 
(Table 1), excepted the duration of the first CR 
that was significantly longer in the control 
group (mean 26 months) compared to the qui
nine-treated group (mean 12 months; p=0.008). 
Two patients died before day 6 (one in each arm 
of the trial). Two patients did not receive the 
treatment in the quinine arm and the data from 
two patients from the control group were not 
obtained. Therefore, the analysis included 106 
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Table 1. Clinical characteristics of the patients accord-
ing to treatment group 

WithoutQ WithQ 
(N = 57) (N = 55) 

Mean age (yr) 47 43·7 
Sex (malelfemale) 30/27 33/22 

Relapsed AML 19 20 
MDS (blastic transformation) 11 9 
MPS (blastic transformation) 7 10 
Refractory AML 10 4 
Relapsed ALL 4 8 
Secondary AL 2 3 
Refractory ALL 2 

Mean leukocyte count ( x 109/1) 31 23 
Mean haemoglobin (g/l) 104 104 
Mean platelet count ( x 109/1) 110 100 
Karyotype (done/abnormal) 31124 28/20 

WHO performance status_2 50 46 
Duration of first CR (months) 

(N =56) 26* 12 

*p=0.08 

patients (52 in the group given quinine, 54 in the 
control group). 

Tolerance of quinine. Secondary effects due to 
quinine infusion were observed in 15 patients 
(27%) and included tinnitus, vertigo and tachy
cardia or bradycardia. In 14 patients, these 
effects disappeared or strongly decreased after a 
20% quinine dose-decrease. In one patient, qui
nine infusion was stopped due to excessive QT 
increase. 

MDR-reversing activity of sera. The ability of serum 
obtained at day 2 from quinine-treated patients 
to increase DXR accumulation in MDR-cells was 
compared to those of serum obtained before the 
beginning of quinine infusion (day 0). An MDR
reversing activity was observed in all quinine
treated patients, sera from quinine-treated 
patients inducing a two-fold increase of DXR 
uptake in MDR-positive cells. Sera from control 
patients were tested the same way and had no 
effect on DXR accumulation (Fig. 1). 

Nonhematologic toxicity. Quinine infusion signifi
cantly increased the incidence and the duration 
of nauseas, vomiting and mucositiss (Fig. 2). By 
contrast, quinine had non influence upon renal 
and hepatic toxicity and did not induce signifi
cant increase ofbilirubinemia. Although cardiac 
toxicity (WHO grade_2) was observed in 13 
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patients treated with qumme compared to 2 
patients from the control group, the difference 
was not significant. Similariy, skin toxicity was 
slightly more frequent in quinine-treated pati
ents. Quinine treatment had no influence upon 
the number of febrile episodes and the incidence 
of aspergillosis and candidosis. 

Hematologic toxicity. Among responding patients, 
quinine significantly increased the duration of 
neutropenia (p = 0.05) and thrombopenia (p = 

0.02). Two patients from the quinine-treated 
group never recovered a platelet count over 
100X109/1. The increased duration of leucopenia 
and anemia was not statistically significant 
(Table 2). 

Response to treatment. A response to therapy 
(eR + PR) was obtained in 55 of 106 (52%) 
assessable patients. The response rate was high
er in quinine-treated group (29 of 52 patients -
56%) that in control group (26 of 54 patients -
48%). However, the difference between the two 
groups was not statistically significant. 

Discussion 

The combination of mitoxantrone and either 
intermediate-dose cytarabine or high-dose et
oposide was shown to be an effective treatment 
of relapsed or refractory acute leukemias 
[16-18]. However, half patients did not respond 
and survival of responders did not excess a few 
months. Failure of these regimen was related to 
primary or acquired resistance ofleukemic cells. 
Various mechanisms of resistance have been 
described, including MDR phenotype that could 
preclude mitoxantrone activity by reducing its 
accumulation in leukemic cells. The negative 
prognostic influence of MDR phenotype expres
sion in response and survival for acute leu
kemias and the development of increased 
expression at the time of relapse after initial 
chemotherapy provide a rationale for the clini
cal study of MDR modulators. Among the mod
ulators that have shown substantial ability 
to reverse drug resistance in vivo [10-12,19-21], 
we chose quinine because the concentration re
quired to reverse MDR in vitro could be 
achieved clinically with doses previously used 
for the treatment of malaria [;"2] and its revers
ing activity was retained despite binding to plas
ma proteins [11,23]. 
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Table 2. Median duration of cytopenia (d: days) 

Leukocytes < 10'/1 

Granulocytes < 0.5 x 10'/1 
Platelets < 100 x 10'/1 
Hemoglobin < 100 g/l 

*p = 0.05 #p = 0.02 

Without Q 

20.5 d 
23.9 d* 
28.3 d# 
30.6 d 

WithQ 

23.6 d 
28.3 d 
35.1 d 
33.4 d 

The present report describes the first partial 
analysis of a phase III randomized study that 
should include 300 patients on a 3-year period. 
Quinine-related toxicity included tinnitus and 
vertigo that disappeared after a 20% dose de
crease [15,24]. Cardiac toxicity, that was ob
served in 13 patients from quinine-treated group 
compared to 2 patients from control group, 
could be explained by either a direct toxicity of 
quinine [24,25] or an interference of the revers
ing agent with the renal or hepatic elimination 
of mitoxantrone. Such a pharmacokinetic effect, 
that was demonstrated with other combination 
of reversing agents and MDR-related cytotoxie 
drugs [26-28], could also explain the significant-

2 3 4 0 2 3 4 0 

WHO grade 
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ly increased incidence of nauseas, vomiting and 
mucositis. The effect of quinine infusion on 
mitoxantrone pharmacokineties as weH as P
glycoprotein status of patients blast ceHs are 
currently in progress. 

The alteration of mitoxantrone and cytara
bine metabolism or excretion by normal tissues 
that express MDR phenotype could account also 
for the increased myelosuppression observed in 
quinine-treated patients. Other hypothesis 
include the reversion of P-glycoprotein function 
in the bone-marrow precursors or a direct effect 
of quinine on hematopoietie progenitors [29]. 
Increased duration of neutropenia and throm
bopenia in quinine-treated patients was not 
associated with a significant increase of febrile 
episodes incidence. 

In the previously reported phase I/II study of 
quinine-mitoxantrone-cytarabine combination, 
we described an increase of serum bilirubin in 6 
of 15 patients. A modulation of P-glycoprotein 
transport of bilirubin in the lumenal surface of 
the canalieuli of the biliary tract was suggested 
since bilirubin was shown to be a substrate for 
the efflux pump [30]. Alternatively, such a toxie 
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effect could be specific of the reversing agent 
and was reported in clinical trials using 
cyclosporine [12]. By comparing bilirubinemia 
in quinine-treated and control patients using 
analysis of variance, the present analysis did not 
confirm any effect of quinine upon this parame
ter as weH as hepatic enzymes. Similarly, qui
nine did not increase the renal toxicity of the 
cytotoxic regimen. 

Seventy-six patients included in the present 
study had received previous cytotoxic treatment 
including MDR-related drugs with no significant 
difference between the two groups. eR had been 
obtained in 56 of these patients. Duration of first 
eR was significantly longer in control group 
than in quinine-treated group. The duration of 
first eR was shown elsewhere to influence the 
eR rate to subsequent therapy [31]. Never
theless, a trend for quinine to improve 
the response rate was observed. Extension of the 
trial to 300 patients should aHow to evaluate 
the clinical interest of quinine as an MDR mod
ulator for the treatment of acute leukemias. 

References 

1. Morrow CS, Cowan KH. Mechanisms and clinical 
significance of multidrug resistance. Oncology, 
1988,2: 55. 

2. Moscow JA, Cowan KH. Multidrug resistance. J Nt! 
Cancer Inst 1988, 80: 14. 

3. Pirker R, Wallner J, Geissler K et al. MDRI gene 
expression and treatment outcome in acute 
myeloid leukemia. J Nt! Cancer Inst 1991, 83: 708. 

4 Marie JP, Zittoun R, Sikic BI. Multidrug resistance 
(mdn) gene expression in adult acute leukemias: 
correlations with treatment outcome and in vitro 
drug sensitivity. Blood 1991, 78: 586. 

5. Campos L, Guyotat D, Archimbaud E et al. Clinical 
significance of multidrug resistance P-glycoprotein 
expression on acute nonlymphoblastic leukemia 
cel1s at diagnosis. Blood, 1992 79: 473. 

6. Goasguen JE, Dossot JM, Farde1 0 et al. Expression 
of the multidrug resistance-asociated P-glycopro
tein (P-170) in 59 cases of de novo acute lym
phoblastic leukemia: prognostic implications. 
Blood 1993, 81: 2394. 

7. Tsuruo T, Iida H, Tsukagoshi S, et al. Increased 
accumulation of Vincristine and Adriamycine in 
drug resistant P388 tumor cel1s following incuba
tion with calcium antagonists and calmomodulin 
inhibitors. Cancer Res 1982; 42: 4730. 

8. Chauffert B, Rey D, Coudert B et al. Amiodarone is 
more efficient than Verapamil in reversing resis
tance to anthracyclines in tumor cells. Br J Cancer 
1987; 56: 119· 

9. Nooter K, Oostrum R, Jonker R et al. Effect of 
cyclosporin A on daunorubicin accumulation in 

116 

multidrug resistant P388 leukemia cel1s measured 
by real-time flow cytometry. Cancer Chemother 
Pharmacol1989; 23: 296. 

10. DeGregorio MW, Ford JM, Benz C et al. 
Torernifene: Pharmacologic and pharmacokinetic 
basis of reversing multidrug resistance. J Clin 
Onco11989; 9: 1359· 

11. Genne P, Dimanche-Boitrel MT, Mauvernay RY et 
al. Cinchonine, a potent efflux inhibitor to circum
vent anthracycline resistance in vivo. Cancer Res 
1992; 52: 2797. 

12. Lum BL, Fisher GA, Brophy NA et al. Clinical trials 
of modulation of multidrug resistance. Pharma
cokinetic and pharmacodynamic considerations. 
Cancer 1993; 72: 3502. 

13. Chauffert B, Corda C, Pelletier H, et al. Potential 
usefulness of quinine for the circumvention of the 
anthracycline resistance in clinical practice. Brit J 
Cancer 1990; 62: 395. 

14. Solary E, Velay I, Chauffert B, et al. Sufficient levels 
of quinine in the serum circumvent the multidrug 
resistance of the human leukemic cell line 
K5621ADM. Cancer 1991, 68: 1714. 

15. Solary E, Caillot D, Chauffert B et al. Feasibility of 
using quinine, a potential multidrug resistance
reversing agent, in combination with mitox
antrone and cytarabine for the treatment of acute 
leukemia. J Clin Onco11992, 10: 1730. 

16. Bezwoda WR, Bernasconi C, Hutchinson RM et al. 
Mitoxantrone for refractory and relapsed acute 
leukemia. Cancer 1990; 66: 418. 

17. Hiddemann W, Kreutzmann H, Sraif K et al High
dose cytosine arabinoside and mitoxantrone: a 
highly effective regimen in refractory acute 
mye10id leukemia Blood 1987; 69: 744. 

18. O'Brien S, Kantarjian H, Estey E et al. 
Mitoxantrone and high-dose etoposide for patients 
with relapsed or refracory acute leukemia. Cancer 
1991, 68: 691. 

19. Sonneveld P, Nooter K. Reversal of drug resistance 
by cyclosporin-A in a patient with acute myelocyt
ic leukaemia. Br J Haemat, 1990; 75: 208. 

20. Bessho F, Kinumaki H, Kobayashi M et al. 
Treatment of children with refractory acute lym
phocytic leukaemia with vincristine and diltiazem. 
Med Pediatr Oncol, 1985; 13: 199. 

21. Benson AB, Trump DL, Koel1er JM et al. Phase I 
study of vinblastine and verapamil given by con
current IV infusion. Cancer Treat Rep, 1985; 69: 
795· 

22. Krogstad DJ, Herwaldt BL, Schlesinger PH 
Antimalarial agents: specific treatment regimens. 
Antimicrobial agents chemotherapy, 1988; 32: 957. 

23. Silamut K, White NJ, Looareesuwan S. et al.. 
Binding of quinine to plasma proteins in falci
parum malaria. J Trop Med Hygiene, 1985; 34: 681. 

24. Boland ME, Brennand Roper SM et al. Com
plications of quinine poisoning. Lancet, 1985; i: 384 

25. Holford NH, Coates PE, Guentert TW et al. The 
effect of quinidine and its metabolites on the elec
trocardiogram and systolic time intervals : concen
tration-effect relationship. Brit J Clin Pharmacol 
1981; 11: 187. 



26. Nooter K, Oostrum R, Deurloo J. Effects of vera
pamil on the pharmacokinetics of daunorubicin in 
the rat. Cancer Chemother Pharmacol. 1987, 20: 
176. 

27. Kerr DJ, Graham J, Cummings J et al. The effect of 
verapamil on the pharmacokinetics of adriamycin. 
Cancer Chemother Pharmacol.I986, 18: 239. 

28. Yahanda AM, Adler KM, Fisher GA et al. A 
phase I trial of etoposide with cyclosporine as a 
modulator of multidrug resistance. J Clin Oncol 
1992, 10: 1624. 

29. Christen RD, McClay EF, Wilgus LL et al. In vivo 
modulation of doxorubicin by high dose proges
terone. A phase I1pharmacokinetic study. Proc Am 
Soc Clin Onco11992; 11: 121. 

30. Gosland M, Brophy N, Duran G et al. Bilirubin: a 
physiological substrate for the multidrug trans
porter. Proc Am Assoc Cancer Res 1991; 32: 426. 

31. Harousseau JL, Reiffers J, Hurteloup P et al. 
Treatment of relapsed acute myeloid leukemia 
with idarubicin and intermediate-dose cytarabine. 
J Clin Onco11989, 7: 45· 

117 



Acute Leukemias V 
Experimental Approaches 
and Management of Refractory Diseases 
Hiddemann et al. (Eds.) 
© Springer-Verlag Berlin Heidelberg 1996 

In Vitro Modulation of Multidrug Resistance by BIBW22BS 
in Blasts of Oe Novo or Relapsed or Persistent AML 

J. Schröder" M. Esteban', S. Kasimir-Bauer', U. Bamberger" A. Hecke!', M. E. Scheulen', and S. Seeber' 

Introduction 

Drug resistance to chemotherapy is an impor
tant factor of treatment failure in acute myeloid 
leukemia (AML). One type of resistance, the 
multidrug resistance (MDR), can develop after 
exposure to certain natural chemotherapeutic 
agents such as vinca alkaloids, anthracyclines, 
actinomycin D, and epipodophyllotoxins 
(Biedler & Riehm 1970). MDR is associated with 
overexpression of a 170 kDa membrane glyco
protein (P170), which is encoded by the mdn 
gene located on the long arm of chromosome 7 
(Bradley et al. 1988). Membrane transport stud
ies have shown that calcium channel blocking 
agents such as verapamil (VER) inhibit drug 
efflux by direct binding to P170 causing in
creased intracellular drug accumulation 
(Willingham et al. 1986; Safa et al. 1987). Recent 
clinical studies have indicated that MDR is 
induced by treatment with anthracyclines and 
vinca alkaloids in several hematologic malig
nancies (te Boekhorst et al. 1993). Thus, the 
expression of mdn is detected in about 50% of 
patients with pretreated AML, in contrast to 
only 20% of patients with de novo AML (Marie 
et al. 1991). Patients with mdn gene expression 
had a significantly shorter overall survival com
pared with the mdn-negative group (Pirker 
et al. 1991). 

In the present study, we investigated the 
mode of action of the phenylpteridine derivative 
BIBW22BS (BIBW22), dexniguldipine (DEX), 
and VER as modifiers of MDR in blasts of 

de novo or relapsed or persistent AML in vitro, 
and also in a human MDR leukemia cell line. 
BIBW22 is a potent bifunctional modulator of 
drug resistance (Chen et al. 1993). The com
pound influences P170 mediated transport of 
cytostatic drugs and, in addition, nucleoside 
transport. 

Patients and Methods 

Patients. Thirty-five patients with AML, 15 
de novo and 20 relapsed or persistent, were 
included in this study. Patients with prior hema
tologic disorders or known exposure to carcino
gens were excluded. 

Cel/ sampfes. Sampies from bone marrow or blood 
were collected at diagnosis in heparinized tubes. 
Mononuclear cells were isolated from the sam
pies by Ficoll-Hypaque density gradient cen
trifugation (density, 1.077 g/ml; Pharmacia, 
Uppsala, Schweden). 

Cel/fines. The CEM vinblastine-resistant celliine 
CEM-VBL was a generous gift from Dr. W. T. 
Beck, Memphis, Tennessee (Beck et al. 1979). 
CEM-VBL cells have been previously shown to 
express P170 on their surface membrane as 
determined by the monoclonal antibody HYB-
241 (Meyers et al. 1989). The celliine was grown 
in RPMI 1640 (GIBCO; Karlsruhe, FRG) supple
mented with 10% (viv) heat-inactivated fetal calf 
serum (FCS; GIBCO) and 1% L-glutamine 

'Innere Klinik und Poliklinik (Tumorforschung),Westdeutsches Tumorzentrum, Universitätsklinikum Essen, 
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(GIBCO) and incubated at 37°C with 5% C02 
and 95% humidified air. 

Ffow-cytometric determination of DNR, /DA and CD34 
expression. Cells were washed in RPMI supple
mented with 10% FCS. After washing, a suspen
sion of 2 x 106 cells/ml was prepared. Fifty 
microliters of the cell suspension were incubat
ed with 10 f..ll phycoerythrin-conjugated HPCA-2 
(anti-CD34 PE; Becton Dickinson, San Jose, 
California) for 20 min at 4 oe. After washing, 
5,000 events were counted using an ELITE 
flow-cytometer (Coulter Electronics, Hialeah, 
Florida). The PE fluorescence signal was loga
rithmically amplified. The blast populations 
were gated using scatter parameters. An irrele
vant, isotype-matched MoAb was used as nega
tive contro!. An expression of less than 10% was 
classified as negative. Data analysis was per
formed using ELITE software. 

Cel/ufar efflux studies. For efflux studies, cells at a 
concentration of 1 x 106/ml were incubated with 
either rhodamine 123 (R123), daunorubicin 
(DNR) or idarubicin (IDA) at a concentration of 
5 f..lg/ml with or without BIBW22, DEX or VER. 
Drugs were diluted with RPMI containing 10% 
FCS before each experiment. After 15 min of 
incubation at 37°C with 5% C02 and 95% 
humidified air, cells were washed and resus
pended in ice-cold RPMI with 10% FCS alone or 
plus MDR-modifiers. Flow-cytometric analysis 
was performed at specified time points over a 
30-minute period. The decrease of the fluores-
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cence signal was measured after 15 min. Efflux 
was quantified as percent of the initial fluores
cence intensity. All experiments were perfomed 
in triplicate. An efflux of more than 10% was 
classified as positive. 

Chemicafs. DNR and IDA were obtained from 
Farmitalia (Freiburg, FRG) and RU3 from Sigma 
(München, FRG). BIBW22 was a gift from Dr. 
Kar! Thomae GmbH (Biberach/Riss, FRG), DEX 
was a gift from Byk Gulden Pharmaceuticals 
(Konstanz, FRG), and VER was supplied by 
Knoll AG (Ludwigshafen, FRG). 

Results 

Effea of MDR-modifiers on R123 efflux in CEM-VBL cel/s. 
To determine an optimal MpR-modifier con
centration for efflux studies BIBW22, DEX, and 
VER were analysed at concentrations ranging 
from 0.1 to 100 f..lM in the CEM -VBL cell line. 
Figure 1 shows R123 efflux in CEM-VBL cells 
exposed to R123 at a concentration of 5 f..lglml 
alone or in combination with MDR-modifiers. 
Effective efflux inhibitory concentrations for 
BIBW22, DEX, and VER could be demonstrated 
at 0.3 f..lM, 1 f..lM, and 10 f..lM, respectively. 

Effea of MDR-modifiers on R123, DNR and /DA efflux in 
CEM-VBL cel/s. R123, DNR, and IDA efflux was 
determined in CEM-VBL cells exposed to either 
R123, DNR or IDA at concentrations of 5 f..lg/ml 
alone or in combination with 10 f..lM VER. As 
shown in Figure 2, CEM-VBL cells incubated 

------ BIBW22 

--'--VER 

3 6 10 30 60 100 
modifier concentration (pm) 

Fig.l. R123 efflux in CEM-VBL cells after incubation with BIBW22, DEX, and VER as measured by flow-cytomet
ric analysis 
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Fig.2. R123, DNR, and IDA efflux in CEM-VBL ceils after incubation with medium (light columns) or plus vera
pamil (dark columns) as measured by flow-cytometric analysis 
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Fig.3. R123 efflux in blast populations of de novo AML (top) or relapsed or persistent AML (bottom) as mea
sured by flow-cytometric analysis 
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with R123, DNR or IDA for 15 min showed a rapid 
reduction in intracellular drug levels when incu
bated in fresh medium for 15 min. Approximately 
14% of the initial R123, 48% of the DNR and 38% 
of the IDA concentration remained in these cells 
after 15 min. The addition of VER resulted in a 
2.5-fold decrease in R123 effiux and in a 3.0-fold 
decrease in DNR effiux, respectively. In contrast, 
incubation of these cells with IDA and VER led 
only to a 1.3-fold decrease in IDA efflux. 

Studies in AML blast (el/s. The results of R123, DNR, 
and IDA efflux studies in blast populations are 
illustrated in Figure 3. A total of 35 patients with 
AML, 15 de novo and 20 relapsed or persistent, 
was investigated. While only five out of 15 blast 
populations of de novo AML (33%) showed 
moderate effiux of R123 and DNR, 13 out of 20 
blast populations of relapsed or persistent AML 
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(65%) had a positive effiux within 15 min with 
maximum values of 45%. In these drug-resistant 
phenotype positive blast populations efflux of 
R123 (Fig. 4) and DNR (data not shown) could 
be significantly inhibited by 1 /-lM BIBW22, 1 /-lM 
DEX, and 10 /-lM VER, respectively. In contrast, 
for IDA we found an effusion of 45 ± 9% 
(x±SD) within 15 min, which could not be sig
nificantly inhibited by the modulators. 

Correlation of CD34 expression and R723 efflux. Twenty
three consecutive patients with untreated or 
treated AML were evaluated. In 17 out of 23 blast 
populations the CD34 expression varied be
tween 10 and 90% (mean, 57%). Eleven out of 17 
CD34 positive blast populations (65%) showed a 
marked R123 effiux, while only two blast popula
tions without CD34 expression (33%) were posi
tive for R123 efflux (Fig. 5). 

VER OE>< BIBW22 

VER OE>< BIBW22 

Fig.4. R123 efflux in drug-resistant phenotype positive blast populations of de novo AML (top) or relapsed or 
persistent AML (bottom) after incubation with medium (MED) or plus modifier as measured by flow-cytometric 
analysis (x ± SD) 
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Fig. 5. Correlation between the proportion of R123 efflux and CD34 expression in AML blast populations 

Discussion 

Various compounds such as VER, DEX, tamox
ifen, cyclosporin A and others have been 
demonstrated to modulate MDR by inhibiting 
the efflux of MDR-dependent drugs in vitro 
(Table 1). 

Here we demonstrate that the phenylpteri
dine derivative BIBW22 (Chen et al. 1993) is 
an effective modifier of MDR in the human 
leukemia ceU line CEM -VBL displaying the 
MDR phenotype, and also in blasts of de novo, 
relapsed or persistent AML in vitro. 

The drug-resistant phenotype was deter
mined by means of R123, DNR, and IDA efflux 
as a functional assay. 

In CEM-VBL, the R123 and DNR efflux inhi
biting potentional of BIBW 22 was concentration 

Table 1. Concentrations for MDR modulators (Kaye, 
1990, modified) 

Optimal in Clinicallyachiev-
in vitro concen- abe plasma con-

Modulator tration (11M) centration (11M) 

Verapamil 6-10 1-2 
Dexverapamil 6-10 3 
Dexniguldipine 0.5-1 0·3 
Quinidine 4-6 3-10 
Amiodarone 2 2-6 
Bepridil 6 2-4 
Trifluoperazine 2-12 0·3 
Cyclosporin A 2-7 
Cefoperazone 
Tamoxifen 10 6 
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dependent. There were no significant differences 
in the efflux inhibition for 0.31lM BIBW22, IIlM 
DEX, and 10 IlM VER, respectively. 

The efflux inhibition potential of VER, B935 
and BIBW22 was also investigated in blast popu
lations of 35 patients with AML. Only 33% of the 
blast populations from de novo AML showed 
moderate efflux of R123 and DNR. In contrast, 
65% of the blast populations of relapsed or per
sistent AML functionally displayed the drug 
resistant phenotype. Efflux could be significant
ly inhibited by IIlM BIBW22, IIlM DEX, and 10 

IlM VER, respectively. For IDA we found an 
effusion of 45 ± 9% in all blast populations 
which could not be significantly inhibited by the 
modulators. 

We conclude that the application of BIBW22 
might be a feasible approach to overcome MDR 
in patiens with AML, as it has a high efflux
inhibiting potential in vitro. However, the deter
mination of the maximum tolerated dose, the 
clinically achievable plasma concentrations, and 
the therapeutic index of BIBW 22 in clinical phase 
I -studies is mandatory for further assessment. 

References 

1. Beck WT, Mueller Tl, Tanzer LR (1979) Altered 
surface membrane glycoproteins in Vinca alka
loid-resistant human leukemic lymphoblasts. 
Cancer Res 39: 2070-2076 

2. Biedler JL, Riehm H (1970) Cellular resistance to 
actinomycin D in Chinese hamster cells in vitro: 
Cross resistance, radioautographic and cytogenetic 
studies. Cancer Res 30: 1174-1184 



3. Bradley G, Jurunka PF, Ling V (1988) Mechanism 
of multidrug resistance. Biochim Biophys Acta 948: 
87-128 

4. Chen HX, Bamberger U, Heckel A, Guo X, Cheng 
YC (1993) BIBW 22, a dipyridamole analogue, acts 
as a bifunctional modulator on tumor cells by 
influencing both P-glycoprotein and nucleoside 
transport. Cancer Res 53: 1974-1977 

5. Kaye SB (1990) Reversal of multidrug resistance. 
Cancer Treat Rev 17 (Suppl A): 37-43 

6. Marie J-p, Zittoun R, Sildc BI (1991) Multidrug 
resistance (mdn) gene expression in adult acute 
leukemias: correlations with treatment outcome 
and in vitro drug sensitivity. Blood 78: 586-592 

7. Meyers MB, Rittmann-Grauer L, O'Brien JP, Safa 
SR (1989) Characterization ofmonoclonal antibod
ies recognizing a Mr 180,000 P-glycoprotein: Dif
ferential expression of the Mr 180,000 and Mr 
170,000 P-glycoprotein in multidrug-resistant 
human tumor cells. Cancer Res 49: 3209-3214 

8. Pirker R, Wallner J, Geissler K, Linkesch W, Haas 
OA, Bettelheim P, Hopfner M, Scherrer R, Valent 
P, Havelec L, Ludwig H, Lechner K (1991) MDR1 
gene expression and treatment outcome in acute 
myeloid leukemia. J Natl Cancer Inst 83: 708-712 

9. Safa AR, Glover q, Sewell JL, Meyers MB, Biedler 
JL, Felsted RL (1987) Identification of the mul
tidrug resistance-related membrane glycoprotein 
as an acceptor for calcium channel blockers. J Biol 
Chem 262: 7884-7888 

10. te Boekhorst PAW, de Leeuw K, Schoester M, 
Wittebol S, Nooter K, Hagemeijer A, Löwenberg B, 
Sonneveld P (1993) Predominance of functional 
multidrug resistance (MDR-1) phenotype in CD34 + 
acute myeloid leukemia cells. Blood 82: 3157-3162 

11. Willingham MC, Cornwell MM, Cardarelli CO, 
Gottesman MM, Pastan I (1986) Single cell analysis 
of daunomycin uptake and efflux in multidrug
resistant and -sensitive B cells: effects of verapamil 
and other drugs. Cancer Res 46: 5941-5946 

123 



Acute Leukemias V 
Experimental Approaches 
and Management of Refractory Diseases 
Hiddemann et al. (Eds.) 
© Springer-Verlag Berlin Heidelberg 1996 

In Vitro Drug Resistance Profiles in Childhood Acute Lymphoblastic 
Leukemia 

R. Pieters', G. J. 1. Kaspers', E. Klumper', E. R. van Wering', A. van der Does-van den Berg', 
and A. J. P. Veerman'" 

Abstract. In 1987, the short-term MTT assay was 
adapted in our laboratory to study in vitro ceIlu
lar drug resistance in childhood acute lym
phoblastic leukemia (ALL). In this paper, so me 
dinicaIly relevant data obtained with this 
method are summarized: 

1. In a small retraspective study we showed 
that in vitra drug resistance was related to the 
long-term dinical outcome. In 1989 a nation
wide, praspective study induding 128 patients 
was started to confirm these data. Patients with 
ceIls relatively in vitra resistant to prednisolone 
had a significantly lower 2-year probability of 
disease-free survival (pDFS 0.67) than sensitive 
cases (pDFS 0.98). In vitra resistance to L
asparagin ase and daunorubicin were also signi 
ficantly related to outcome; for vincristine the 
relation was borderline significant. Combining 
the results for prednisolone, L-asparaginase and 
vincristine, the pDFS was 100% for the sensitive, 
83% for the intermediately sensitive and 60% 
for the in vitra resistant patients (p < .001). In 
vitra drug resistance was an independent prog
nostic factor at multivariate analysis. 

2. In vitro resistance of a group of 99 children 
with relapsed ALL was compared to that of 137 
children with untreated ALL. CeIls from chil
dren with relapsed ALL were significantly more 
in vitro resistant to corticosteroids, anthracy
dines, antimetabolites and L-asparaginase but 
not to vinca-alkaloids, epipodophyIlotoxins and 
ifosfamide. Resistance profiles and the degree of 
resistance highly differed between individual 
patients. 

3. The prognostic significance of several ceIl 
biological features can mainly be explained by 
drug resistance. DNA hyperdiploid cases have a 
better prognosis than non-hyperdiploid cases. 
Hyperdiploid cALL cases were significantly 
more in vitro sensitive to the antimetabolites 6-
TG, 6-MP and araC but not to other drugs. 
Immunophenotypic subgraups of ALL had their 
own specific drug resistance profiles that might 
explain the differences in prognosis related to 
phenotype. 

ConcJusions. Drug resistance measured with the 
MTT assay is an important predictor of dinical 
outcome in ALL and should be used for risk
group stratification in BFM-oriented treatment. 
Biological risk groups have their own specific in 
vitro drug resistance profiles that might be help
ful in rational design of risk-group adapted 
therapies. 

Introduction 

About 70% of children with ALL is currently 
cured by chemotherapy. The remaining 30% is 
not cured despite intensive chemotherapeutic 
regimens. Many risk factors have been detected 
in the last two decades such as white blood 
ceIl count, age, sex, immunophenotype, DNA 
ploidy, structural chromosomal aberrations. 
Some of these have lost their prognostic rele
vance with more intensive treatment and differ 
between treatment protocols, implying that the 
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prognostic value is treatment related. The 
underlying cause of the prognostic value of the 
factors mentioned above is not known. They 
must in so me way reflect differences in the two 
factors that determine the clinical response to 
chemotherapy: 

1. Pharmacokinetics that determines the 
amount of effective drug to which leukemic 
ceils are exposed and the duration of expo
sure. 

2. The intrinsic ceilular sensitivity or resistance 
to these drugs. 

We need more detailed knowledge about the 
clinical relevance of both factors to improve the 
chemotherapy for children with ALL instead of 
(or at least in addition to) simply increasing or 
reducing the intensity of chemotherapy proto
cols by trial and error. 

Clonogenic assays have long been considered 
to be the gold standard for in vitro drug resis
tance testing. However, these assays are not 
applicable to sampies of patients with ALL 
because ALL ceils have a very low clonogenic 
capacity. Moreover, clonogenic assays are time 
consuming and laborious. Especially in the last 
decade, short-term assays have been developed 
that measure ceil kill on the total ceil population 
that is non-dividing. This is different from 
clonogenic assays that measure inhibition of 
proliferation on a smail subset of ceils that are 
selected by their characteristic of being easily 
induced to proliferation in vitro. There is grow
ing evidence that the correlations between in 
vitro drug sensitivity and the clinical response 
to chemotherapy for short-term assays is at least 
as good as for clonogenic assays [1]. Moreover, 
it is more and more recognized that chemother
apy does not have its clinical effects only by act
ing on proliferating ceils but also by directly 
killing non-dividing ceils, e.g. by drug induced 
apoptosis or programmed ceil death. 

Our laboratory has adapted the socailed MTT 
assay for large scale in vitro drug resistance 
studies in childhood ALL [2]. In this assay, ALL 
cells are incubated in microculture plates con
taining six concentrations of a drug during 4 
days. At present we test 20 different drugs. After 
4 days the tetrazolium salt MTT is added which 
is exclusively reduced to a coloured formazan 
product by living cells. The cytotoxic effect is 
quantified by spectrophotometricaily determin
ing the formazan production. The LCso' the drug 
concentration that kills 50% of the ceils, is calcu-

lated and used as measure of drug resistance. In 
this way a drug resistance profile can be deter
mined for each ALL patient. In this paper we 
will summarize some data obtained in our labo
ratory that will demonstrate the clinical rele
vance of this drug resistance profile. 

Drug Resistance and Clinical Outcome 

In 1991 we reported the relationship between in 
vitro drug resistance at initial diagnosis and 
long-term clinical outcome in 42 patients [3]. 
Cryopreserved cells of patients with a relatively 
high white blood ceil count were used; the 
patients were treated according to several proto
cols of the early eighties. Because of this selec
tion of patients, the overall clinical outcome was 
relatively low. Patients with cells that were in 
vitro relatively resistant to prednisolone had a 
significantly lower probability of 5 years contin
uous complete remission than patients with cells 
that were relatively sensitive to these drugs 
(Figure 1). The same was found for daunoru
bicin and thiopurines; For L-asparaginase and 
vincristine such a relation could not be detected. 
At stratification this prognostic relevance of in 
vitro resistance appeared to be independent 
from age, sex, white blood cell count, organo
megaly and immunophenotype. 

In 1989 we started a prospective nationwide 
study to confirm these findings. Material was 
received from 149 patients. The MTT assay was 
technically succesful in 80% of these cases. 
Major causes of technical failures were that too 
few ALL cells were available (n = 18) or that they 
did not convert MTT (n = 12). The patients were 
divided by the median LCso value for a drug in 
two groups of equal size. Patients in vitro resis
tant to prednisolone had a lower 2-year proba
bility of disease-free survival (pDFS 0.67) than 
sensitive patients (pDFS 0.98) (p = .009). 
Further subdivision in 3 groups of equal size 
also showed that the prognosis decreased with 
increasing in vitro resistance to prednisolone. In 
vitro resistance to dexamethasone, L-asparagi
nase, daunorubicin and mercaptopurine were 
also significantly related to outcome; for vin
cristine the relation was borderline significant. 
In vitro resistance to each of the other drugs 
(vindesine, doxorubicin, mitoxantrone, thiogua
nine, cytarabine and teniposide) was not signifi
cantly related to 2-year pDFS. 
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Combining the results for prednisolone, L
asparaginase and vincristine, the pDFS was 100% 

for the 38 in vitro sensitive, 83% for the 40 inter
mediately sensitive and 60% for the 23 resistant 
cases (p < .001). At multivariate analysis, the 
prognostic value of in vitro drug resistance was 
independent from age, sex, immunophenotype, 
DNA ploidy, white blood cell count, BFM risk 
factor and the clinical response to the first week 
monotherapy with prednisolone. 

Drug Resistance in Relapsed ALL 

We compared the in vitro drug resistance pro
files of 99 children with relapsed ALL with that 
of 137 children with newly diagnosed, untreated 
ALL. The relative resistance of the relapsed sam
pIes was expressed by the resistance ratio which 
was defined as follows: 

Resistance Ratio = 

median LC50 value of relapsed ALL 
median LC50 value of untreated ALL 

The results are summarized in Figure 2. In 
conclusion, the group of children with relapsed 
ALL was significantly more in vitro resistant to 
corticosteroids, anthracyclines, antimetabolites 
and L-asparaginase but not to vinca-alkaloids, 
epipodophyllotoxins and ifosfamide. However, 
these results are based on a group comparison. 
Resistance profiles and the degree of in vitro 
resistance turned out to vary widely between 
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individual patients. This suggests that in some 
relapsed ALL cases still effective chemotherapy 
regimens might be composed while others are 
resistant to the whole spectrum of drugs. This 
has led to a clinical trial of tailored therapy in 
poor prognostic relapsed ALL in which part of 
the drugs is chosen by the individual in vitro 
drug resistance profile. This trial is a collabora
tion between the German BFM-ALL relapse sec
tion (Prof. G. Henze) and our laboratory. 

DNA Ploidy and Drug Resistance 

DNA hyperdiploidy is a favourable prognostic 
feature in childhood common ALL [4]. The 
explanation for this is not known although it is 
assumed that ploidy reflects differences in drug 
sensitivity. Recent support for this idea has come 
from in vitro drug sensitivity studies: Whitehead 
et al. [5] showed that hyperdiploid cases accu
mulated higher amounts of methotrexate poly
glutamates, suggesting that hyperdiploid cases 
are more sensitive to this drug. They did not 
study other drugs. In a pilot study we compared 
the in vitro drug resistance profiles of 10 hyper
diploid cALL and 27 non-hyperdiploid cALL 
sampIes defined by a DNA-index of 1.16. 

Hyperdiploid cases were significantly more in 
vitro sensitive to the antimetabolites 6-TG, 6-
MP and araC but not to other drugs (Figure 3). 
The higher sensitivity of hyperdiploid cases 
for steroids and l-asparaginase did not reach 
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statistieal significance with these numbers of 
patients. Also, these preliminary data suggested 
that hyperdiploid cases were not more sensitive 
to anthracyclines and epipodophyllotoxins but 
perhaps even more resistant to these drugs. 
Some authors suggest that hyperdiploid com
mon ALL is highly curable with antimetabolite 
chemotherapy consisting of methotrexate and 
mercaptopurine [4,6). Based on this experience 
and on the in vitro data shown above, it is there
fore doubtful whether we should expose chil
dren with this type of ALL to very toxie agents 
such as anthracyclines and epipodophyllotoxins. 

Conclusions and Perspectives 

1. In vitro drug resistance testing is routinely 
possible in ALL with a technieal success rate 
comparable to e.g. immunophenotyping and 
karyotyping. 

2. In vitro drug resistance is an independent 
and important predietive factor of clinical 
outcome in childhood ALL. 

These two conclusions lead to the perspec
tive that the in vitro drug resistance profile 
can be used for risk group stratification. A 
large group of patients at very low risk of 
relapse is currently treated with intensive 
chemotherapy with possible unnecessary side 
effects and even toxic deaths. The in vitro 
drug resistance assay is a suitable tool to 
identify these patients as low risk patients. On 
the other hand, patients with a poor progno
sis in contemporary protocols, can also be 
recognized with the MTT assay. 

3. The poor prognosis of the group of relapsed 
ALL patients is related to cellular resistance 
to several but not all classes of chemothera
peutic drugs. Large interindividual differ
ences exist between relapsed ALL cases. A 
clinical trial in whieh part of the drugs are 
chosen by the in vitro assay (individualized, 
tailored therapy) is in progress. 

4. The prognostie value of cell biologieal fea
tures such as DNA ploidy is at least partly due 
to cellular drug resistance. In earlier studies 
we have shown that each immunophenotypie 
and age group had its own drug resistance 
profile (Pieters 1993). This suggests that ratio
nal development of treatment protocols for 
specific biologieal subclasses or risk groups of 
ALL might be possible by using the knowl
edge of the in vitro drug resistance profiles of 
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these subclasses. For instance, the profile of 
hyperdiploid common ALL supports the clin
ieal observations that this form of ALL is 
highly curable with antimetabolite based 
chemotherapy and that it is very doubtful 
whether we should expose children with this 
type of ALL to very toxic agents such as 
anthracyclines and aikylating agents. 

5. In individual cases, the in vitro drug resis
tance profile may contribute to palliative 
treatments with minimal side-effects in indi
vidual cases by omitting drugs that have no 
antileukemic activity in vitro. 
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The Expression and Regulation of G-CSF and GM-CSF 

E. Vellenga 

Colony Stimulating Factors (CSF's) are impor
tant regulatory proteins that control the prolif
eration and differentiation of hematopoietic 
cells. At the moment, Granulocyte-CSF (G-CSF) 
and Granulocyte-Macrophage-CSF (GM -CSF) 
are applied to cancer patients for preventing 
pancytopenia after chemotherapy or for the iso
lation of peripheral blood stern cells [1]. 
Although the growth factors are exchangable in 
most cases with regard to the clinical applicabil
ity, distinct differences are noted in production 
and regulation under physiological circum
stances. G-CSF is produced by different cell 
types like monocytes, endothelial cells and 
fibroblasts [2,3]. In monocytes G-CSF mRNA 
expression is observed after 1-2 hrs of stimula
tion, followed by the secretion of the pro tein 
after 12-24 hrs. G-CSF mRNA can be upregulat
ed by different cytokines like IL-l, IL-7, and by 
Lipopolysacccharide (LPS)[2-4]. The effect of 
LPS on monocytes is a direct effect mediated by 
binding to CD antigen [5]. However, a second 
peak in G-CSF expression can be observed after 
15-18 hrs of stimulation which is due to the 
release of IL-l in response to LPS stimulation 
and can subsequently be blocked by coculturing 
the cells with anti-IL-l antiserum. However, 
LPS, IL-l and IL-7 are not the only inducers of 
G-CSF protein by monocytes. Recently per
formed investigations have indicated that a nat
urally occurring bacterial cell wall breakdown 
product of peptidoglycan, N-acetylglucosa
minyl-l,6 anhydro-N-acetylmuramyl-I-alanyl
D-isoglutamyl-m -diaminopimelyl-D-alanine G 
(Anh)Tetra is capable to induce cytokine mRNA 

[6] Monocytes stimulated by G(Anh)MTetra 
express cytokines such as G-CSF, IL-l, and IL-6. 
The response at mRNA level is comparable to 
LPS, and can be further enhanced by culturing 
the cells with LPS plus G(Anh)MTetra. These 
results indicate that besides LPS additional fac
tors are released during bacteremia which mod
ulate the cytokine release and subsequently the 
clinical course of septic patients. Additional 
studies with G(Anh)MTetra indicated that the 
expression of cytokines was in part due to stabi
lization of the cytokine mRNA at post-transcrip
tional level. However, an increase in the 
transcriptional rate of the cytokine genes was 
also demonstrated. This was associated with 
induction of different transcription factors such 
as activator protein-l (AP-l) and nuclear factor
KB (NF-KB) whereas no change was observed in 
the expression ofNF-IL 

The expression of G-CSF in human mono
cytes can also be modulated by additionallym
phokines. The T cell derived lymphokine 
Interferon-y (IF-y) has several effects on mono
cyte functions. For example IF-y alone induces 
the expression of Macrophage-CSF (M-CSF) in 
human monocytes without inducing G-CSF 
transcripts [7]. However, monocytes primed 
with IF-y for several ho urs and subsequently 
stimulated by LPS, demonstrate a marked 
increase in expression of G-CSF at mRNA and 
protein level compared to the effects of LPS 
alone [8]. These data underscore the role of 
IF-y in cytokine secretion especially during 
bacteremia. This was already observed in 
experiments with mice by which treatment of 
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mice with anti-IF-y significantly prolonged the 
survival [9]. 

The expression of G-CSF in monocytes is not 
only regulated by activators but also by repres
sor molecules. Especially the T cell derived lym
phokine IL-4 suppresses the LPS and IL-l 
induced expression of G-CSF [10,11]. The inhibi
tive effect is most pronounced if the cells 
are pre-cultured for a short period in IL-4 con
taining medium and subsequently activated by 
LPS. 

The suppressive effect of IL-4 can partially be 
ascribed to a reduced expression of transcrip
tion factors [12,13]. The transcription factor AP-l 
which is encoded by the proto-oncogenes c-jun 
and c-fos, demonstrate a reduced expression 
compared to results of LPS alone. In addition a 
reduced expression of NF-KB has been demon
strated in the presence of IL-4. These data sug
gest that the control on transcription activity by 
IL-4, might be an important regulatory mecha
nism for controlling cytokine expression in 
human monocytes. An additional cytokine 
which suppresses the G-CSF expression is IL-lO. 
IL-lO is secreted by different cell types such as 
T cells, monocytes, and mast cells [14]. In mono
cytes the expression of IL-lO mRNA is most 
prominent upregulated by Tumor Necrosis 
Factor (TNF)-a [15]. In addition it has been 
demonstrated that monocytes cultured in the 
presence of anti-IL-lO, express significantly 
higher levels of IL-l, IL-6 and G-CSF mRNA in 
response to LPS stimulation indicating that IL-
10 is an important autocrine repressor cytokine 
for human monocytes [16]. Although the effects 
of IL-lO and IL-4 are similar with regard to 
cytokine regulation, distinct differences are 
noticed in additional functions. For example CD 
expression on monocytes is down-regulated by 
IL-4 after 2-3 days of culture, whereas no 
change in CD expression is observed if the cells 
are exposed to IL-lO. Furthermore it appeared 
that the suppressive effect of IL-4 and IL-lO on 
the monocytic lineage is not a general phenome
non in the hematopoietic system. This is illus
trated by the fact that endothelial cells cultured 
with IL-4 or IL-lO express IL-6 mRNA [17]. In 
addition IL-4 enhances the G-CSF supported 
granulocytic colony formation from human 
bone marrow cells, tested in in vitro culture 
assay [18]. 

A second growth factor which is often applied 
to patients, is GM-CSF. GM-CSF is secreted by 
different cell types like monocytes, endothelial 
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cells, fibroblasts, and T cells [1]. In contrast to 
G-CSF, GM-CSF mRNA is not induced by LPS 
stimulated monocytes. However, stimulating of 
the high affinity FcyRI on monocytes results in 
the production of significant amounts of GM
CSF protein [19]. T cells are also an important 
producer of GM-CSF. T cells stimulated with the 
lectin Concanavalin A, or triggering of the CD 
receptor complex, causes induction of GM-CSF 
transcripts [20]. Especially co stimulation with 
the protein kinase C activator PMA or with anti
CD results in an strong enhancement in GM
CSF mRNA expression due to a strong increase 
in transcription rate of the GM-CSF gene and 
due to stabilization of the message at post-tran
scriptionallevel [21]. Additional cytokines that 
can modulate GM-CSF mRNA in activated T 
cells are IL-l, IL-2, IL-7 [22, 23]. The effect of IL-
7 seemed to be a direct effect since blocking 
antibodies against several cytokines could not 
abrogate the response. 

As described for G-CSF, the expression of 
cytokines is not only controlled by enhancers 
but also by repressor proteins. The involvement 
of the suppressive signaling pathway seemed to 
be cell type dependent. This is reflected by t11e 
fact the c-AMP dependent protein kinase A acti
vation in monocytes enhances the expression of 
cytokine mRNA, whereas in T cells it is suppres
sive [24]. Recently performed studies in T cells 
have indicated that the c-AMP dependent sig
naling pathway strictly controls the GM-CSF 
mRNA expression as well in CD + as in CD + 
cells. The GM-CSF expression in activated T 
cells is downregulated ifT cells are exposed to c
AMP analogues, or to prostaglandin E (PGE2) 
which elevates c-AMP by receptor mediated 
acitvation, or by isobutyl-methylxantin (IBMX) 
which inhibits phosphodiesterase activity [26]. 
However, different mechanisms seem to be 
involved in the suppressive effect of dibytyryl
cAMP (dbcAMP). In con A activated T cells db
cAMP significantly reduced the transcription 
rate of GM-CSF gene without affecting the half
life, while in con A plus PMA stimulated T cells, 
db-cAMP suppressed both the transcription rate 
and the half-life of the message indicating that 
the effector function of the PKA system depends 
on the stimuli presented to the T cell. This nega
tive regulatory pathway might be an important 
negative feedback system since high concen
trations of PGE are produced by monocytes 
and epithelial cells during an inflammatory 
response. 



In summary these data indicate that the 
effects of hematopoietic growth factors are cell 
restricted which gives the opportunity to modu
late several cellular processes in response to a 
limited number of cytokines. 
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In Situ Nick Translation as a Measure of Cell Death. Application to the Study 
of Growth Factors and Drug Sensitivity 

Mark Minden, C. W. Wang, and E. A. McCulloch 

Introduction 

The role of growth factors in the expansion of a 
population of ceHs is two fold [I]. First, the 
growth factor provides a signal for the ceH to 
enter and progress through the ceH cyde. Second, 
the growth factor acts as a ceH survival factor 
allowing the ceH to maintain viability. In normal 
hematopoiesis and in the case of many leukemie 
ceHs withdrawal of growth factor results in the 
development of ceH death through the process of 
apoptosis. Ceils may also enter the process of 
programmed ceH death as a result of treatment 
with ionizing radiation and chemotherapeutie 
agents of different dass es [2,3]. 

CeHs undergoing apoptosis may be recog
nized by their gross morphologie appearance, 
electron mieroscopy and by the development of 
DNA fragmentation as measured by DNA elec
trophoresis [2]. The above techniques are limit
ed in sensitivity and are time consuming. 

Wehave adapted in situ niek translation to 
identify ceHs undergoing apoptosis [4-7]. As 
DNA within a ceil undergoing apoptosis is 
deaved, sites of single stand breaks become tar
gets for the entry of DNA polymerase land for 
the synthesis of new DNA. We have taken 
advantage of this to incorporate biotinylated 
deoxynudeotides into newly synthesized DNA; 
this is then detected by fluorescent mieroscopy 
or flow cytometry. The technique is rapid, rela
tively inexpensive, and may be applied to many 
sampies at once. 

In the present manuscript we describe the 
assay and demonstrate its utility in measuring 

apoptosis in ceHs deprived of growth factor and 
ceHs treated with irradiation or the chemothera
peutic agent, cytosine arabinoside. 

Materials and Methods 

Cell lines and culture conditions. The murine IL-3 
dependent ceH line 32D was maintained in u
medium supplemented with 10% fetal calf 
serum (FCS)(growth medium) and murine IL-3 
at a concentration of 10 U/ml [8]. For apoptosis 
experiments the ceHs were washed three times in 
growth medium without IL-3. 

OCII AML-2 is a human acute myeloblastic 
leukemia ceH line developed at the Ontario 
Cancer Institute [9]. The ceHs are factor inde
pendent and are maintained in growth medium 
alone. 

In situ nick translation. For each point 0.5'1 x 106 ceils 
were washed and resuspended in phosphate 
buffe red saline and then fixed and permeabi
lized in 1% paraformaldehyde for 5 minutes at 
room temperature and then 60% methanol at 
4°C for 15 minutes. CeHs could be left in 60% 
methanol for more than one week thus allowing 
batching of sampies. To further permeabilize the 
ceHs they were treated in 0.1% Triton-X 100 in 
PBS for 15 minutes at room temperature. The 
nick translation reaction was carried out in a 
final volume of 50 111 containing 5 11M biotin 
dUTP (BioRad Laboratories, Richmond, CA), 
5 11M biotin dATP (GIBCO-BRL, Burlington, 
Ont.) 5 11M dATP and dGTP and 111M dATP and 
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dTTP (GIBCO-BRL, Burlington, Ont.), 50 mM 
Tris (pR7.5), 5 mM MgCI2 , 100 ~g/ml bovine 
serum albumin (BSA) and 10 U of DNA poly
me rase I (GIBCO-BRL, Burlington, Ont.). The 
reaction was incubated at 37°C for 1 ho ur. Cells 
were washed in PBS and then resuspended in 100 
~l of PBS containing 6~1 of Streptavidin-FITC 
(Amersham International, UK) and incubated in 
the dark at 4 °c for 1 hour. Cells were then 
washed in PBS and analyzed by flow cytometry or 
UV microscopy. The proportion of labelled cells 
was analyzed using a FACScan Flow Cytometer 
(Becton-Dickinson, Mountainview, CA). 1 x 104 

cells were captured from each sampie and ana
lyzed using Consort 30 or Lysis II software. 

Propidium iodide (PI) staining. The viability of cells 
and the integrity of the cell membrane was deter
mined using PI staining. Cells were incubated in 
a solution of 50 ~g/ml PI in PBS for 30 minutes 
and then used immediately for flow cytometry or 
washed and fixed prior to the nick assay [10]. 

" .. 
12 hrs 

... . 
......... 

DNA gel electrophoresis. To analyze DNA fragmen
tation 1 x 106 cells were lysed in 1% SDS and 50 
mM EDTA pR 8.0 and incubated at 45°C for 2 
hours in the presence of 100 ug/ml of proteinase 
K. 100 U of RNAse was added for an additional 
30 minutes. The DNA was then loaded onto a 
1.8% agarose gel and electrophoresed. The DNA 
was visualized using ethidium bromide [2]. 

Results 

To establish the method of in situ nick transla
tion for detecting cells undergoing death due to 
DNA fragmentation we used the factor depen
dent cell line 32D. These cells grow well in the 
presence of IL-3, however they start to undergo 
cell death, as determined by light microscopy, 
within 18 hours of removal of IL-3. To determine 
whether the death of 32D cells involved DNA 
fragmentation we carried out DNA electrophore
sis of uncut DNA. As can be seen in Figure 1 the 
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DNA was intact up until12 ho urs at which time a 
DNA ladder, typical of apoptotic cell death could 
be seen. The intensity of the ladder increased 
over time as more cells died (Fig. 1). 

32D cells deprived of IL-3 for varying times 
up to 20 hours were fixed, labelled by in situ 
nick translation and analyzed either by flow 
cytometry or fluorescent microscopy. The 
results are presented as contour plots compar
ing fluorescent intensity (FLI) against forward 
scatter (FSC). As can be seen in figure 1 in the 
control panel cells maintained in IL-3 are not 
fluorescent; these are the cells in the left upper 
quadrant. Cells grown without IL-3 for 12 hours 
contain both unlabelled (left upper quadrant) 
and labelled cells (right upper quadrant). By 20 
hours there are no unlabelled cells. In addition 
there is a decrease in the size of labelled cells 
(right lower quadrant); this is typical of cells 
undergoing apoptosis. 

By fluorescent microscopy it was evident that 
the majority of the cells had labelled nuclei, 
while so me cells did not contain appreciable 

amounts of label (Fig. 2). The finding of nuclear 
labelling is expected if the labelling is due to the 
production of new DNA. The labelling was 
shown to be dependant on the presence of poly
merase I as when this enzyme was omitted there 
was no labelling of the cells (data not shown). 

PI staining is commonly used as a simple 
measure of cell viability. To determine if cells 
labelled by the nick assay were also PI positive 
we carried out the following experiments. 32D 
cells deprived of IL-3 for 16 hours were stained 
with PI, fixed and then tested for the presence of 
DNA degradation. Using dual color fluorescence 
we found that cells labelled by in situ nick trans
lation were PI negative while cells deprived of 
IL-3 for 24 ho urs were both nick translation and 
PI positive (data not shown). 

The DNA fragmentation of 32D cells in the 
above experiments was due to the withdrawal of 
growth factor. To determine if other causes of 
apoptosis would have a similar effect we irradi
ated 32D cells to 600 cGy using a 60Co source 
and then placed the cells in culture for 16 hours 

Fig. 2. Top panel phase contrast. Bottom panel fluorescent cells 
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with IL-3. The irradiated cells showed a similar 
pattern of labelling as cells deprived of IL-3 
(data not shown). 

A number of investigators have demonstrat
ed that ara-C can in du ce DNA fragmentation 
[3>4]. As we planned to use the in situ nick 
translation assay as a rapid, inexpensive method 
for measuring the induction of apoptotic cell 
death we tested the effect of ara-C for its effect 
on nicking in a human leukemic cell line. 
OCIIAML-2 is a factor independent ceilline that 
is highly sensitive to ara-Co Cells were treated 
for 24 ho urs in varying concentrations of ara-C 
and then tested for the degree of labelling. The 
results of this experiment are shown in figure 3. 
Control cells not exposed to ara-C had no 
appreciable labelling (Fig. 3A). 

Cells exposed to a low dose of ara-C (2 x 10-6 

M) for 24 hours were mainly unlabelled. How
ever a small number of cells were labelled 
(Fig. 3B). Cells exposed to 1 X 10-5 M ara-C for 
24 ho urs contained a large number of brightly 
labelled cells (Fig. 3C). It should also be noted 
that the size of the cells decreased, as deter
mined by forward scatter. 

Fig. 3B, C 
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Discussion 

In this manuscript we describe a technique 
for detecting cells undergoing apoptosis. The 
method is simple, relatively inexpensive and 
rapid. In the experiments described here we 
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have shown that 32D cells deprived of growth 
factors undergo programmed cell death. The 
process begins approximately 10 ho urs after 
withdrawal of growth factor and proceeds over a 
period of 24 hours. When compared to the stan
dard method of measuring apoptosis, DNA gel 
electrophoresis, both methods begin to detect 
DNA fragmentation beginning at about the 
same time. However, the gel method does not 
indicate that cells become apoptotic at different 
times. This is clearly evident in the flow cyto
metric analysis. 

We also demonstrate that apoptosis induced 
by irradiation and chemotherapeutic agents can 
be detected with this method. Tests of cell death, 
such as colony assays are time consuming and 
expensive. In experiments not detailed he re we 
have found that the development of DNA frag
mentation closely paralleis loss of clonogenic 
potential in cells treated either with irradiation 
or chemotherapeutic agents. 

Previously we reported that the effect of ara
C on leukemic blast cells can be modulated by 
agents such as retinoic acid which increases sen
sitivity [11] and hydrocortisone which reduces 
sensitivity [9]. These experiments were done 
using clonogenic assays. In preliminary experi
ments we have found that the same protective 
and sensitizing effects observed with the clono
genic assays can be observed using the in situ 
nick translation assay. The total time for these 
experiments was 3 days as compared to 1-2 
weeks with the clonogenic assay. 

Another opportunity offered by the nick 
translation assay is that cells may be labelled 
with a monoclonal antibody prior to fixation. 
Then during the detection phase a second anti
body with a different fluorescent tag can be 
added. In this way it is possible to identify spe
eifre subsets of ceils undergoing apoptosis. 
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Molecular Mechanisms of Ara-C Signalling: Synergy and Antagonism 
with Interleukin-3 
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Introduction 

Cytosine arabinosde (Ara-C) is the most widely 
used and most effective agent in the treatment 
of acute myelogenous leukemia [1]. Severallines 
of evidence have suggested that the efficacy 
of Ara-C may be enhanced by its combination 
with hematopoietic growth factors such as 
Interleukin (IL)-3 or Granulocyte-Macrophage 
Colony Stimulating Factor (GM-CSF) [2]. IL-3 
has been shown by several laboratories to 
enhance Ara-C incoporation into DNA and Ara
C-mediated tumor ceH kill by recruiting resting 
ceHs into the ceH cyde but also by faciIitating 
intraceHular Ara-C metabolism into its active 
compound, Ara-CTP [3,4]. However, other 
reports have indicated that IL-3 mayaiso confer 
resistance of acute myelogenous blasts to subse
quent Ara-C [5]. It is thought that Ara-C exerts 
its cytotoxic effects after incorporation into 
DNA leading to inhibition of chain elongation 
[6,7]. In addition, more recent reports have 
indicated that Ara-C also induces features of 
apoptotic ceH death induding DNA fragmenta
tion [8]. Ara-C modulates mRNA expression of 
several proto-oncogenes, such as c-jun, jun-B or 
c-myc [3,9,10]. Singaling events initiated by Ara
C, however, are still enigmatic. The present arti
de explores signaling cascades initiated by 
Ara-C and point to their impact in mediating 
both synergistic and antagonistic effects of Ara
C and IL-3. 

Modulation of the AP-1 Transcription 
Factor by Ara-C and IL-3 

Upon exposure to Ara-C, human myeloid 
leukemia blasts display enhanced binding activi
ty of the AP-1 transcription factor (Fig. 1). The 
capacity of Ara-C to increase binding activity is 
both time- and dose dependent. Enhanced bind
ing activity of AP-1 is associated with functional 
activation in that insertion of the respective 
binding site 5' of a heterologous thymidine 
kinase promoter is sufficient to confer inducibil
ity to the human growth hormone gene as a 
reporter gene by Ara-C. Activation of the AP-1 
transcription factor furthermore leads to tran
scriptional activation of the c-jun gene resulting 
in enhanced formation of c-jun/AP-1 (not 
shown). 

Binding activity of the AP-1 transcription fac
tor is also enhanced upon exposure to IL-3 or 
GM-CSF (not shown), suggesting convergence 
of Ara-C- and IL-3 -initiated signaling events. In 
order to study the functional implication of 
enhanced AP-1 binding activity with respect to 
Ara-C-induced programmed ceH death the anti
sense technique was employed. In the presence 
of an antisense-oligdeoxynudeotide to c-jun, 
the growth stimulatory interplay of TNF-u and 
IL-3 on early hematopoietic progenitor ceHs is 
abolished while in contrast an anti sense c-jun 
oligodeoxynudeotide failed to interfere with the 
capacity of IL-3 to stimulate proliferation [12]. 
Likewise, an antisense to the c-jun component 
of the AP-1 transcription factor did not interfere 
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with the capacity of Ara-C to induce apoptotic 
cell death (Table 1). 

KG-1 or M07e cells were cultured in the pres
ence of 10 J.lM of an antisense (AS) oligdeoxynu
cleotide targeting the translation inititating site 
of c-jun, the corresponding sense (S) oligo
deoxynucleotide or an unrelated nonsense (NS) 
oligodeoxynucleotide with the same overall 
base-pair composition as the AS oligonucleotide 
as previously described [12] for 24 hours. Sub
sequently, cells were exposed to Ara-C (10-3 M) 
for additonal 12 ho urs and the percentage of 
apoptotic and viable cells was analyzed by FACS
analysis following propidium iodide staining. 

Modulation ofthe NF-KB Transcription 
Factor by Ara-C and IL-3 

Both hematopoietic growth factors such as IL-3 
and Ara-C induce nuclear translocation of the 
NF-KB transcription factor leading to enhanced 
bin ding activity of NF-KB (Fig. 2). Introduction 

Table 1. Antisense to c-jun does not abolish the 
capacity of Ara-C to mediate apoptosis in myeloid leu
kemia cells 

Exposure to: AS-c-jun S-c-jun NS-c-jun 

% viable ceIls : 23±4 26±7 22±5 
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Fig. 1. Ara -C induces bin ding and spurs tran scrip
tional activation activity of the AP-l transcription 
factor. A KG-l leukemia cells (106/ml) were 
exposed to Ara-C (10-5 M) for up to 12 hrs. Nuclear 
proteins were prepared and incubated with a syn
thetic oligonucleotide harboring the AP-l recogni
tion sequence as previously described [11). Signal 
intensity of shifted bands was quantitated by laser 
densitometry and is expressed as fold-induction 
versus signals obtained with nuclear proteins 
extracted from cells exposed to medium only. B 
KG-l ceIls were transiently transfected with a het
erologous promoter construct containing (or not) 
the AP-l recognition sequence 5' of the herpes 
thymidine kinase promoter linked to the human 
growth hormone gene as a reporter gene. 
Transfectants were split and either left in standard 
culture medium or exposed to Ara-C (10-5 M) for 
24 ho urs. Human growth hormone activity was 
determined in ceIl culture supernatants by a com
mercially available enzyme immuno assay (ErA) 

of the NF-KB recognition sequence 5' of a het
erologous thymidine kinase promoter confers 
inducibility to the human growth hormone gene 
as a reporter gene (Fig. 2). Activation of the NF
KB transcription factor may contribute to the 
release of secondary cytokines such as IL-1, 
TNF, GM-CSF or IL-6 known to harbor func
tional active NF-KB binding sites in their pro
moters [13l. 

Signaling Pathways Involved in Ara-C
Mediated Transcription Factor Activation 

NF-KB translocation has previously been linked 
to the intracellular formation of oxygen radicals, 
while in vitro data have also suggested that a 
Pro tein Kinase C (PKC)-mediated phosphoryla
tion of the inhibitory IKB molecule may con
tribute to nuclear translocation of NF-KB [14l. 
Enhanced AP-1 binding has been shown in vitro 
to result from activation of the Mitogen 
Activated Protein kinase (15l. The following set 
of experiments aimed at further elucidating the 
signaling events leading to enhanced binding 
activity of AP-1 and NF-KB in response to Ara-C. 
Myeloid leukemia cells were either depleted of 
PKC through a 24 hrs incubation period with 12-
O-tetradecanoylphorbol 13-acetate (TPA) pre
sent or were exposed to the oxygen scavenger 
N-acetyl-cystein (NAC) prior to exposure to 
Ara-C. The capacity of Ara-C to promote 



Fig.2. Ara-C induces binding and tran
scriptional activation activity of the NF
KB transcription factor. A KG-1 leukemia 
cells (lO'/ml) were exposed to Ara-C (10-5 

M) for up to 12 hrs. N ucelar proteins were 
prepared and incubated with a synthetic 
oligonucleotide harboring the NF-KB re
cognition sequence as previously des
cribed [11]. Signal intensity of shiftet 
bands was quantitated by laser densi
toemtry and is expressed as fold-induc
tion versus control cells exposed to 
medium only. B KG-1 cells were transient-
Iy transfected with a heterologous pro-
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moter construct containing (or not) the 
NF-KB recognition sequence 5' of the her
pes thymidine kinase promoter linked to 
the human growth hormone gene as a 
reporter gene. Transfectants were split 
and either left in standard culture medi
um only or exposed to Ara-C (10-5 M) for 
24 hours. Human growth hormone activi
ty in cell culture supernatants was deter
mined by a commercially available EIA 
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enhanced NF-KB binding activity was signifi
cantly reduced in the presence of NAC, while 
PKC depletion had no effect on Ara-C -induced 
NF-kB binding activity (Fig. 3). In contrast Ara
C-mediated AP-l binding activity was only mar
ginally affected by the presence of NAC, while 
depletion of intracellular PKC diminished Ara-C 
-induced AP-l activation significantly (Fig. 3). 
These findings suggest that Ara-C may transmit 
signals into the nucleus by both PKC-dependent 
pathways as well as by engaging the intracellular 
formation of oxygen radicals. 

KG-l or M07e leukemia cells were main
tained in the presence or absence of TPA (IJ..lM) 
for 24 hours or were pretreated with NAC (30 
mM) for 30 minutes prior to exposure to Ara-C 

Fig.3. Ara-C mediates binding activity of AP-1 
and NF-KB through distinct intracellular path
ways 
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(1O-6M) for 30 minutes. Thereafter, nuclear 
extracts were prepared and bin ding activity of 
the AP-l or the NF-KB transcription factor were 
analyzed by electrophoretic mobility shift asays 
as previously described [11]. Signal intensity of 
shifted bands was quantitated by laser densito
metry and is expressed as fold enhancement 
versus medium-treated control cells. 

Exposure of Myeloid Leukemia Cells to Ara
C Leads to Serine Phosphorylation ofthe 
Small Heat Shock Protein Hsp27 

The exposure of human cells to stress signals 
such as heat or to cytotoxic cytokines has 

Medium Ara-C NAC + Ara-C TPA + Ara-C 
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Fig.4. Ara-C induces dose- and time-dependent phosphorylation of the small heat shock protein HSP27.KG-1 or 
M07e leukemia cells were serum- and factor-deprived for 16 hours prior to exposure to Ara-C in concentrations 
ranging from 10-' M to 10-' M for the time points indicated. Thereafter, celllysates were prepared and fraction
ated by FPLC as previously described [191. Fractions containing MAPKAP kinase 2 activity were employed for 
in vitro kinase assays using recombinant human HSP27 as a substrate as described [191.Values are expressed as 
relative phosphorylation of HSP27 which was analyzed by quantitation of photo-stimulated luminescence as 
described and values (signal intensity versus background) were expressed as means ± SD of three independent 
experiments 

previously been demonstrated to result in 
enhaneed phosphorylation of the small heat 
shoek protein (HSp)27 [16,17]. The major kinase 
mediating HSP27 phosphorylation has been 
identified as the mitogen aetivated protein 
kinase aetivated protein (MAPKAP) kinase 2. 
[18] MAPKAP kinase 2 aetivation in myeloid 
leukemia eells results also from signaling eas
eades inititated by IL-3 or GM-CSF [19]. 
Moreover, exposure of myeloid leukemia eells to 
Ara-C also leads to dose and time-dependent 
phosphorylation of HSP27 (Fig. 4). HSP27 
becomes phosphorylated in response to low
dose (10-7 M) of Ara-C. Dose escalation leads to 
enhaneed phosphorylation of HSP27 in eoneen
trations of up to 10-' M, while dose-dependeney 
is lost when even higher eoneentrations are 
used. HSP27 phosphorylation is observed within 
5 to 10 minutes following exposure to Ara-C, 
peaks after 15 to 30 minutes and returns to start
ing levels thereafter. 

Phosphorylation of Hsp27 Protects from 
Ara-C -Induced Apoptosis 

HSP27 aets as a moleeular ehaperone, and thus 
may be required to fold proteins appropriately 
or to modulate their eellular distribution or 
transportation. Although Hsps are weIl eon
served during evolution, their biologie funetions 
remain undear. Overexpression of HSP27 has 
been linked to ehemoresistanee [20]. Phos
phorylation of HSP27 has reeently been shown 
to eonfer hyporesponsiveness of various eells 

142 

towards TNF-u [21,22]. Myeloid leukemia eells 
respond to IL-3 with rapid and transient phos
phorylation ofHsP27 [19]. When eells displaying 
phosphorylated HSP27 are taekled by Ara-C they 
fail to respond to Ara-C with apoptotie cell 
death. Myeloid eells regain senstivity to Ara-C, 
when Ara-C is given at a time-point where phos
phorylation of HSP27 has returned to baseline 
levels (not shown). Detailed analysis will have to 
show whether this refleets a causal relationship 
or is merely a eoincidenee. The reeent observa
tion that eonstitutive aetivation of the mitogen 
activated protein kinase renders tumor eells 
resistant to X-radiation [23] is in support of the 
former hypothesis sinee activation of the MAP 
kinase may result in aetivation of MAPKAP 
kinase 2 and thereby stimulates HSP27 phospho
rylation [18]. Phosphorylation of HSP27 in 
response to Ara-C oeeurs in eells whieh - by 
serum and faetor-deprivation - are arrested in 
the GO/GI phase of the eell eyde. In these eells 
Ara-C promotes HSP27 phosphorylation without 
being ineoporated into DNA These findings are 
eonsistent with the notion that Ara-C initiates 
signaling pathways at the membrane or eytosol 
and does not require ineorporation into DNA. 

Summary and Conclusion 

In summary, we propose the following model of 
Ara-C/IL-3 interaetion. Ara-C and IL-3 exert a 
series of overlaping signaling events in myeloid 
leukemia eells. Both eompounds promote 
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Fig.5. Schematic representation of overlapping and distinct signalling pathways inititated by IL-3 or Ara-C in 
myeloid leukemia cells 

enhanced bin ding activity of nuclear transcrip
tion factors such as AP-1 and NF-KB. Thereby, 
both modulate the expression of the c-jun gene 
and mayaIso - by engaging NF-KB - contribute 
to the release of secondary cytokines such as 
GM-CSF, TNF-a, IL-1 or IL-6. Both pathways 
lead to phosphorylation of the small he at shock 
pro tein, which may protect myelogenous 
leukemia cells from Ara-C-induced apoptosis. 
In order to further elucidate signaling events 
that may counteract IL-3/Ara-C combination it 
will be necessary to investigate the modulation 
of those genes regulating the programmed cell 
death, such as the Interleukin-1ß converting 
enzyme (ICE), the bax and bcl-2 gene as weIl as 
the P53 gene (Fig. 5). 
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Summary 

After a first study showed that GM-CSF follow
ing chemotherapy effectively accelerated neu
trophil recovery and reduced early mortality in 
high risk patients with AML, a second study was 
begun in which GM-CSF was applied preceeding 
chemotherapy and continuing until neutrophil 
recovery in the initial 5 chemotherapy courses 
for patients with newly diagnosed AML. The CR 
rate in patients of 16-75 (median 50) years is 
79% in GM-CSF patients and 82% in controls. 
GM-CSF patients showed a trend to more fre
quent rapid blast dearance and fewer persistent 
leukemias and - in patients under age 60 - a sig
nificantly superior remission duration as of this 
update. It should be shown later by this study 
whether GM-CSF multiple course priming and 
longterm administration adds to the eure rate of 
patients with AML. 

Introduction 

When in 1987 human recombinant GM-CSF 
became available for dinical use the first 
attempt to apply it in AML was to possibly 
accelerate the recovery of neutrophils after 
chemotherapy in patients at high risk of mortal
ity. The neutrophil recovery time could indeed 
be reduced by a median of 1 week when com
pared to control patients receiving chemothera
py alone which also resulted in a reduction in 
early deaths from 39% to 14% (p = 0.009). In 
addition, this study documented a low risk of 

promoting the progression of leukemia by GM
CSF [1]. Similar results were obtained using G
CSF [2]. Using the same dosage and schedule of 
GM-CSF as in our study [1] in a placebo con
trolled trial in older age AML the ECOG found a 
significant reduction in neutropenia and infec
tions and a prolongation of survival [3]. A non
significant trend in favour of GM-CSF was also 
seen in a trial by CALGB with some differences 
in the study design [4]. 

Besides this mainly supportive strategy other 
approaches with GM-CSF aim at an enhance
ment of the antileukemic effect of chemotherapy 
by a recruitment of chemoresistant resting leu
kemic ceHs into sensitive phases of the ceH cyde. 
Even in vitro a kind of recruitment can be 
observed when AML blasts are stimulated by 
GM-CSF to multiply and produce colonies [5-8]. 
The GM-CSF induced increase in leukemic S
phase cells also increased the leukemic dono
genie cell kill by Ara-C [9]. 

Recruitment could then be demonstrated in 
vivo after a 24-48 hour infusion of GM-CSF 
prior to chemotherapy and appeared by a shift 
of leukemic blasts from Go to higher RNA and 
DNA content corresponding to the G, and S
phases and also by an increase in S-phase cells 
incorporating BrDU which was found in the 
majority of patients [10]. 

GM-CSF priming strategies as used in the 
above study may also benefit from an enhance
ment of antileukemic drug cytotoxicity. Thus, we 
could show that the incorporation of Ara-C into 
DNA in leukemic blasts in vitro was increased to 
1.5-8.5 (median 2.0)fold by a 48 hour preincuba
tion and simultaneous incubation together with 
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GM-CSF, an effect found in 23128 cases. In 10/13 
cases investigated GM-CSF increased the Ara-C 
mediated leukemic elonogenic ceIl reduction to 
2.2-229 (median 3-2) fold [u]. 

In contrast, others discussed a protection of 
AML-ceIls against antileukemic agents by GM
CSF. Thus, AML blasts in vitro showed a sub
stantial elonogenic cell kill after a 20 minutes 
pulse of Ara-C only if cultured in G-CSF and not 
in GM-CSF or IL-3. However, if the exposure to 
Ara-C was extended to 6 days there was a 
marked cell kill in all 3 growth factors even 
though the most expressed in G-CSF, and mix
ing together G-CSF and GM-CSF brought 
the result elose to that of G-CSF [12]. These data 
suggest an enhancement of cytotoxicity by 
growth factors rather than a leukemic cell pro
tection at least when Ara-C was present during 
an adequate period of time. In a elinical setting 
56 patients with newly diagnosed AML received 
GM-CSF either 20 or 125 f1g/m'/day during a 
period varying between 0 and 8 days prior to 
chemotherapy. This inhomogenous population 
showed the lowest CR-rate and shortest sur
vival when compared to two historical control 
groups. The authors discussed a resistance of 
leukemic cells induced by GM-CSF [13]. 

Apoptosis or programmed cell death is a 
newly described effect of antileukemic 
chemotherapy. In a murine leukemic cell line 
nuelear condensation and fragmentation and 
DNA fragmentation as typical features of apop
tosis were found induced by TGFß and were 
prevented by GM-CSF. GM-CSF also inhibited 
apoptosis induced by Ara-C while the overall 
elonogenic cell reduction was not reduced. The 
authors discussed that apoptosis may be regu
lated independently from other mechanisms of 
cell kill [14]. In human AML ceIllines apoptosis 
was even enhanced by a GM-CSF/IL-3 fusion 
protein. This effect also occured with an in
crease in elonogenic cell reduction [15]. 

Thus, in the therapeutic in vivo situation dif
ferent effects of GM-CSF may interfere with each 
other. In addition, potential recruitment effects 
on early leukemic stern cells in vivo may not be 
detectable in vitro and may only be reflected by 
an improved longterm outcome of patients. We 
he re present data from two therapeutic studies 
using GM-CSF with chemotherapy at two differ
ent time schedules. 

Patients and Methods 

The first study started in 1987 and was restricted 
to high risk AML ineluding patients of 
65+ years and patients with first relapse within 
6 months or multiple relapse. GM-CSF 250 f1gl 
m'/day started on day 4 after the end of induc
tion chemotherapy and continued until neu
trophil recovery. Patients with residual blasts 
after chemotherapy did not receive GM-CSF. 
The results ineluding those of the patients not 
receiving GM-CSF were compared to a historical 
control group receiving the same chemotherapy 
in similar situations. 

The second study started in 1990 and inelud
ed only patients with newly diagnosed AML. 
GM-CSF 250 f1g/m'/day started 24 hours before 
chemotherapy and then continued until neu
trophil recovery. Patients were randomized to 
receive the same dose of GM-CSF either by con
tinuous i. v. infusion or by one s.c. injection or 
devided into two s. c. injections. A fourth group 
received the same chemotherapy without GM
CSF. Chemotherapy was TAD [16] for the first 
induction course and the consolidation course, 
HAM [17,18] for the second induction course 
and AD-AT-AC for maintenance [16]. The sec
ond induction was given to patients at 60+ 
years only if the bone marrow still contained 
> = 5% blasts, and to all patients under 60 years 
even in aplasia with no blasts. 

Results 

36 patients 27 to 84 (median 68) years of age 
entered the first study ineluding 6 patients not 
receiving GM-CSF due to persistent bone mar
row blasts. The historical controls comprised 56 
patients. The CR-rate was 50% in the GM-CSF 
group and 32% in the controls (p = 0.09) and the 
early death rate in the 2 groups was 14% and 
39% (p = 0.009) as published before [19]. A new 
update of remission duration shows 32% contin
uous remissions projected to 3 years in both the 
GM-CSF and the control group. As in the entire 
patient population remission duration is not 
different in either of the two subgroups of newly 
diagnosed AML at higher age and of relapsed 
AML. 



Ninety five patients entered the second study, 
so far. Their median age is 50 (range 17-75) 
years. Since there is no difference in the results 
between the three different GM-CSF applica
tions randomized all GM-CSF patients are com
pared with the controls as one single group. 
GM-CSF patients and controls are not different 
in neither age, WBC, Serum-LDH and FAB-sub
type. Among hematologic effects the preche
motherapy administration of GM-CSF induced 
an increase in peripheral blood blasts to 1.2-14.0 
(median 2.1)- fold the pretreatment levels. The 
recovery time of neutrophils to 500/cmm after 
the first induction course is reduced in the GM
CSF group when compared with the controls 
(p = 0.007), whereas the recovery time of 
platelets to 50 ooo/cmm is not different. After 
the second induction and the consolidation 
course recovery times of both cells show a trend 
to progressive prolongation in the control 
arm which is more expressed in the GM-CSF 
arm. 

Areduction of the leukemic blasts to less 
than 5% in the day 16 bone marrow was found in 
57% GM-CSF patients and in 42% controls. 79% 
and 82% of patients went into complete remis
sion, whereas 4% and 15% exhibited persistent 
leukemia. 

Remission duration shows 51% continuous 
remissions after 3 years in both arms. For pati
ents under age 60 remission duration is shown 
in Figure 1. The 3 year remission rate is 70% in 
the GM -CSF and 50% in the control arm. 
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Discussion 

As afirst attempt in patients with AML and high 
risk of mortality GM-CSF following chemother
apy did prove effective in accelerating the recov
ery of neutrophils and in reducing patients 
mortality. Concerns regarding an activation of 
the disease were not confirmed in our first study 
since only 2/30 patients showed a leukemic 
regrowth under GM-CSF which was completely 
reversible in one case and appeared GM-CSF 
independent in the second case [19]. As from 
present update remission duration is not adver
sly effected by GM-CSF and shows identical32% 
ongoing CR after 4 years in the two high risk 
populations with and without GM-CSF. 

This study provided a basis for the new 
randomized study now performed in newly 
diagnosed AML extending GM-CSF to an ad
ministration simultaneous with and 24 ho urs 
preceeding each chemotherapy course in a total 
of 5 consecutive courses. An update presented 
here again gives no evidence that the disease 
progression is promoted by GM-CSF in this set
ting. In addition, a protection of the leukemic 
blasts against the antileukemic effects of drugs 
discussed by others [12-14] was not confirmed. 
In contrast, the trend to a more frequent rapid 
bone marrow blast clearance and less frequent 
persistent leukemia and in younger patients -
they received more intensive chemotherapy - a 
significantly superior preliminary remission 
duration reflect an enhancement of the 
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antileukemic cytotoxicity by GM-CSF rather 
than a protective effect by GM-CSF. This can in 
part be explained by a modulation of the Ara-C 
metabolism resulting in an increased incorpora
tion of Ara-C into DNA and the reduction of 
leukemic clonogenic cell growth [11]. A prolon
gation of remission duration - if holding up 
during the next years - also suggests a recruit
ment of resting early leukemic stern cells into 
chemosensitivity as an effect of the repeated 
"priming" by GM-CSF preceeding chemothera
py. That early progenitor or stern ceIls are in
volved in priming might also be concluded from 
the progressive impairment of both granulocy
topoiesis and thrombocytopoiesis appearing 
more expressed in the GM-CSF patients than in 
the control group. 
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Improved Antileukemic Activity of the Combination of Ara-C 
with GM-CSF and IL-3 Fusion Protein (PIXY321) 

Kapil Bhalla, Ana Maria Ibrado, Gloria Bullock, Caroline Tang, Swapan Ray, Yue Huang, 
and Vidya Ponnathpur 

Abstract. Co-treatment with GM-CSF/IL3 fusion 
pro tein pIXY321 significantly increased apopto
sis and the loss of elonogenie survival of HL-60 
ceils due to a treatment with high dose Ara-C 
(100 /lM) for 4 ho urs or prolonged treatment 
with lose dose Ara-C (10 nM) for 5 days. In con
trast, pIXY321 inhibited high dose Ara-C-in
duced apoptosis in CD34+ normal bone marrow 
ceils. Combined treatment with staurosporine 
also enhanced Ara-C induced apoptosis in HL-
60 ceIls. None of these modulations of Ara-C
induced apoptosis in the leukemic or normal 
ceIls was associated with appreciable alterations 
in intraceIlular p26BCL-21evels. 

Introduction 

In human acute myeloid leukemia (AML) ceIls, 
high dose cytosine arabinoside (Ara-C) (> 10 
/lM) has been demonstrated to overcome many 
of the known biochemieal mechanisms of resis
tance observed for conventional doses of Ara-C 
[1]. Results of previous studies have also shown 
that by increasing dIe percentage of cyeling 
AML ceIls in S phase, hemopoietie growth fac
tors GM-CSF and/or IL-3 increase their sensitiv
ity toward the S phase specific drug Ara-C, 
thereby potentially overcoming a cytokinetie 
mechanism of Ara-C resistance in AML ceIls 
[25]. In vitro cotreatment with GM-CSF plus 
IL-3 has been shown to significantly enhance the 
intraceIlular Ara-CTP/dCTP pool ratio and Ara
C DNA incorporation in AML but not normal 

human bone marrow mononuelear ceIls, and 
this was associated with an improved antileu
kemie selectivity of HIDAC against AML ceIls 
[6]. Treatment with HIDAC produces internu
eleosomal DNA fragmentation and the morpho
logie features of apoptosis in AML ceils [7]. 
Recent reports have indicated that the enhance
ment of the antileukemie activity of HIDAC by 
GM-CSF and IL-3 may be partly due to their 
potentiation of HIDAC-induced internueleoso
mal DNA fragmentation and morphologie fea
tures of apoptosis in AML cells [6]. pIXY321 is a 
GM-CSFIIL-3 fusion pro tein whieh as a hemo
poietie growth factor has greater receptor affini
ty and biologie activity than IL-3 and/or GM
CSF [8, 9]. Cotreatment with pIXY321 and 
HIDAC has been demonstrated to produce a 
greater loss of elonogenic survival of AML blasts 
than that of normal bone marrow progenitor 
ceIls [10]. In the present studies we have exam
ined the effect of pIXY321 on Ara-C induced 
apoptosis in CD34 + normal human bone mar
row mononuelear ceils (NBMMC). Since modu
lations of the activities of intracellular protein 
kinases have been demonstrated to affect drug
induced apoptosis [11], we also examined the 
effects of staurosporine and phorbol myristate 
acetate (PMA), whieh affect protein kinases on 
HIDAC-induced apoptosis in AML ceIls. Results 
of these studies demonstrate that the cotreat
ment with staurosporine and PMA marked
ly enhance HIDAC-induced internueleosomal 
DNA fragmentation and apoptosis in AML ceIls. 
In contrast, co-treatment with pIXY321, whieh 
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has been reported to increase HIDAC-induced 
apoptosis in AML cells [10), was found to signif
ieantly inhibit apoptosis due to HIDAC in 
CD34 + NBMMC. 

Methods 

AML cel/s. Human myeloid leukemia HL-60 cells 
were derived from the original cell line were 
maintained in suspension culture as described 
previously [12). Logarithmieally growing cells at 
a concentration of 3 to 5 X 105 cells/ml were uti
lized for all experiments. 

Procurement of normal bone marrow progenitor cel/s. 
Bone marrow aspirate sampies were obtained 
with informed consent from normal volunteers. 
Low density bone marrow cells are sepa
rated over Ficoll-Hypaque [13). CD34 positive 
NBMMC are positively selected by indirect 
immune adherence utilizing immunomagnetie 
beads (Dynal Inc, Great Neck, NY), or anti-CD34 
antibody coated columns (CELLPRO, Bothell, 
WA), as previously described [14,15). 

Drugs. Ara-C hydrochloride staurosporine and 
PMA were purchased from Sigma Chemieals, 
St. Louis, MO. pIXY321 was kindly provided by 
Dr. Douglas E. Williams of Immunex Corp, 
Seattle, W A. The specific activity of pIXY 321 is 
1 X 106 units/f..lg of the protein (8). pIXY321 
concentration of 10 ng/ml was utilized for all 
experiments, since this was determined to have 
maximal biologic activity as a HGF in the colony 
culture assays of normal and leukemie bone 
marrow progenitor cells (data not shown). 

Quantitative and qualitative analyses of taxol-induced inter
nuc/eosomal DNA fragmentation. HL-60 or CD34+ 
NBMMC were treated with the designated con
centrations and schedule of pIXY321 and/or 
Ara-C, or alternatively with Ara-C and/or stau
rosporine or PMA. Subsequently, cells were try
psinized, pelleted and washed with PBS at 
4 °C and disrupted by suspension for 20 minutes 
at 4°C in 5 mM Tris-HCL buffer containing 
0.5% (v/v) Triton-X-lOo and 20 mM EDTA. The 
quantitative and qualitative assessment of inter
nucleosomal DNA fragmentation was perfor
med by a previously published method from our 
laboratory [10,16). 
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Internuc/eosomal DNA fragmentation in human bone 
marrow progenitor cel/s. To improve the sensitivity 
of detecting internucleosomal DNA fragmenta
tion ladder associated with apoptosis in CD34+ 
NBMPC, a slightly modified version of a previ
ously described Southern blot method was used 
[1O,17l. The DNA fragmentation was detected 
and estimated by a phosphoimager (Molecular 
Dynamics, Sunnyvale, CA). 

Western blot analysis of p26BCL2 protein. The expres
sion of p26BCL-2 oncoprotein in control or 
drug-treated HL-60 or CD34+ NBMMC cells was 
determined by Western blot analyses by a previ
ously described method, utilizing a monoclonal 
anti-BCL-2 antibody [18). 

Colony culture of HL -60 and human bone marrow progeni
tor cel/s. Following incubations with Ara-C 
and/or PIXY321, HL60 cells were washed and 
their clonogenic survival was determined by a 
minor modification of a previously described 
method (16). Colony growth of normal CFU
GEMM was also determined by a previously des
cribed method (13). 

Assessment of the morphology of apoptosis and cel/ viability 
of leukemic cel/s. Briefly, following incubations 
with the designated concentrations and sched
ules of the drugs, cells were cytospun onto glass 
slides and stained with Wright stain. Cell mor
phology was determined by light microscopy. 
Five different fields were randomly selected for 
counting at least five hundred cells. Percentage 
of apoptotie cells was calculated for each experi
ment. Cells whieh displayed the characteristie 
morphologie features of apoptosis included 
those with cell volume shrinkage, chromatin 
condensation and the presence of membrane 
bound apoptotic bodies [10,16). The assessment 
of the percentage of apoptotie cells was con
firmed by an additional independent observer 
who was blinded to the results of the first 
ob server. Alternatively, cells were stained with 
trypan blue to assess the percentage of dead 
cells unable to exclude the dye [16). 

Statistical analysis. Significant differences between 
values obtained in a population of leukemie 
cells treated with different experimental condi
tions were determined by paired t test analyses. 



Results 

We examined the effects of pIXY321 on Ara-C
induced internucleosomal DNA fragmentation 
and the loss of clonogenic survival of HL-60 
cells. Cells were exposed for 24 ho urs to pIXY321 
(10 ng/ml) or 100 J..lM Ara-C alone for 4 hours, 
or 10 ng/ml pIXY321 for 20 ho urs followed by an 
additional exposure to pIXY321 plus Ara-C for 4 
hours. Alternatively, cells were exposed to 10 
ng/ml pIXY321 and/or 10 nM Ara-C for 5 days. 
Following these treatments, DNA was purified 
from the supernatant of lysed and pelleted cells, 
electrophoresed into agarose gels and stained 
with ethidium bromide. A more intensely stain
ed internucleosomal DNA fragmentation ladder 
was observed in the lanes containing DNA from 
the cells treated with pIXY321 plus Ara-C versus 
Ara-C alone at high as weIl as the low concentra
tions of Ara-C (data not shown). Quantitative 
analysis of the fragmented DNA in the super
natant released from the pellets, expressed as 
the mean of % of the total starting DNA, is 
shown in Table 1. Exposure to 100 J..lM Ara-C for 
4 ho urs or 10 nM for 5 days increased DNA 
fragmentation to 9.1 ± 1.0 and 10.4. ± 5%, 
respectively. Treatments with pIXY321 alone for 
up to 5 days had no significant effect on the 
DNA fragmentation. Co treatment with pIXY321 
produced significant increases in the DNA frag
mentation due to either of the treatment sched
ules of Ara-C. Table 1 also shows that although 
treatment with pIXY321 alone improved HL-60 

colony growth, treatment with a combination of 
pIXY321 plus Ara-C (10 nM or 100 J..lM) versus 
Ara-C alone caused significantly greater loss of 
clonogenic survival of HL-60 cells. 

Utilizing anti-BCL-2 monoclonal antibody, 
Western analyses did not demonstrate signifi
cant differences in the intracellular p26BCL-2 
levels in HL-60 cells which had been exposed to 
the two schedules and concentrations of Ara-C 
and/or pIXY321 (data not shown). 

Figure 1 shows that the CD34+ NBMMC incu
bated in SFM for 24 ho urs demonstrated inter
nucleosomal DNA fragmentation (lane 1), which 
further increased if 100 J..lM Ara-C was added for 
4 ho urs to the SFM (lane 2). Addition of pIXY321 
to the SFM for 24 hours markedly inhibited 
internucleosomal DNA fragmentation (lane 3). 
Importantly, in contrast to HL-60 cells, co-incu
bation of CD34+ NBMMC with pIXY321 plus 
Ara-C significantly reduced the DNA fragmenta
tion observed with Ara-C alone. Light micro
scopic assessment of the morphology of apopsis 
in CD34+ NBMMC treated with identical con
centrations and schedule of Ara-C and/or 
pIXY321 confirmed that pIXY321 co treatment 
also significantly reduced the percentage of 
apoptotic CD34+ NBMMC observed following 
their incubation in either SFM alone or Ara-C 
plus SFM (data not shown). These findings indi
cate that the combined treatment with pIXY321 
improves the antileukemic selectivity of high 
doses of Ara-C at least partly by inhibiting 
its cytotoxic effects against CD34+ NBMMC. 

Table 1. Effect ofpIXY321 on Ara-C 

Condition 

Control 
pIXY321 (10 ng/ml for 24 hours) 
pIXY321 (10 nglml for 5 days) 
Ara-C (10 nM) for 5 days) 
Ara -C (100 iJM for 4 ho urs ) 
pIXY321 (10 nglml) 
+ Ara-C (10 nM) for 5 days 
pIXY321 (10 nglml for 24 hours) 
+ ara-C (100 iJM for 4 hours) 

Fragmented DNA' Colony Growthb 

0% 100 
0.6 124.3 ± 3.1 
0.5 116.0 ± 7.0 

10.4 ± 0·5 47.0 ± 2.1 
9.1 ± 1.0 42.8 ± 2.4 

15.3 ± 0.6' 27.0 ± 2.3' 

13.5 ± 0.8+ 23.6 ± 1.6+ 

, Mean percent of total DNA ± SEM (mean of 3 experiments) 
b Mean percent of control colony growth ± SEM (mean of 3 experiments) 
, Values significantly different (p < 0.05) from those in the cells treated 
with 10 nM Ara-C 
+ Values significantly different (p< 0.05) from those in the cells treates 
with 100 iJM Ara-C 
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Fig. I. Upper panel: Southern blotting and phospho
image analysis of internucleosomal DNA fragmenta
tion in CD34 + normal bone marrow mononuclear 
cells. Electrophoresed low molecular weight DNA in 
each lane was purified from the supernatant of lysed 
and pelleted 1 x 10' cells treated as folIows: Lane I, 24 
hours in serum free medium (SFM); lane 2, 100 JlM 
Ara-C added for 4 ho urs to SFM; lane 3, 10 ng/ml 
pIXY321 added for 24 hours to SFM and lane 4, 
pIXY321 for 20 hours followed by pIXY321 plus Ara-C 
added SFM for additional 4 hours. Lower panel: 
Quantitation by phosphoimager analysis of the image 
density in each lane, reflecting the amount of frag
mented DNA in the cells treated with each of the con
ditions, as above 

Utilizing monoclonal anti-BCL-2 antibodies, 
Western analysis did not reveal signifieant dif
ferenees in the intraeenular p26BCL-2 levels in 
CD34+ NBMMC treated with Ara-C alone ver
sus plXY321 plus Ara-C in the sehedule and con
eentrations deseribed above (data not shown). 

Wehave also examined the effeet of various 
modulators of pro tein kinase aetivity on high 
dose Ara-C-indueed internucleosomal DNA 
fragmentation in HL60 eens. The microbial 
alkaloid staurosporine is a potent pro tein kinase 
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Fig. 2. HL-60 cells were treated with 5 or 50 ng/ml 
staurosporine and/or 10 JlM Ara-C. The lanes contain 
ethidium bromide stained, electrophoresed fragment
ed DNA purified from the supernatant of cells treated 
as folIows: untreated control cells, C; staurosporine 
alone, ST; 10.0 IlM Ara-C alone, Ara-C; or co-treat
ment with Ara-C and ST. Lane M contains 123 base 
pair marker DNA ladder 

C (PKC) inhibitor with lC50 value between 2 to 
10 nM [19]. At higher eoneentrations, it is also 
known to inhibit the aetivity of other protein 
kinases [20). Figure 2 demonstrates that the 
treatment with 5 or 50 nglml staurosporine for 
4 hours did not produee internucleosomal DNA 
fragmentation in HL-60 eens, while exposure to 
10 flM Ara-C for 4 ho urs produeed the eharae
teristic DNA fragmentation. Combined treat
ment with 5 or 50 ng/ml staurosporine and 
Ara-C signifieantly inereased the intensity of 
DNA fragmentation ladder that was observed 
with Ara-C alone (Figure 2). Staurosporine plus 
Ara-C versus Ara-C alone was also associated 
with a twofold inerease in the pereentage of eens 
showing morphologie features of apoptosis. A 
similar enhaneement of internucleosomal DNA 
fragmentation and apoptosis was also observed 
when HL-60 eens were treated with an identieal 
sehedule of Ara-C and 10 ng/ml PMA (data not 
shown). This inerease in Ara-C-indueed apopto
sis by staurosporine and PMA was not associat-



ed with any significant alteration in the intracel
lular p26BCL-2 levels in HL-60 cells, as detected 
by Western analysis (data not shown). 

Discussion 

Programmed ceU death or apoptosis is an active 
process of genedirected cellular selfdestruction 
[21]. The molecular signals or the gene-expres
sions whieh regulate this process may be subject 
to modulations by a variety of growth factors or 
mitogenie stimuli [11,21]. In human myeloid 
leukemia cells the exposure to clinieally rele
vant, high concentrations of Ara-C results in 
internucleosomal DNA fragmentation and 
apoptosis [7]. Here, we report that cotreatment 
with plXY321 significantly increased Ara-C
induced apoptosis of HL-60 cells, but inhibited 
HIDAC mediated apoptosis and loss of clono
genic survival of CD34+ NBMMC. This differen
tial in vitro effect of plXY321 on HIDAC
mediated apoptosis in leukemie versus normal 
bone marrow progenitor cells may have several 
explanations, as described below. 

Hemopoietic growth factors (HGFs) includ
ing IL-3 and GM-CSF are survival factors in that 
they suppress apoptosis induced by the with
drawal of HGFs in normal bone marrow prog
enitor cells [2,23]. This is supported by the 
evidence presented here that the addition of 
plXY321 to SFM inhibits apoptosis observed 
when human CD34+ NBMMC are cultured for 
24 hours in SFM alone (Fig.1). We have not 
observed a similar effect of plXY321 on HL-60 
cells or patient derived AML blasts (data not 
shown). This suggests that AML cells may have a 
blunted response with respect to the p1XY321-
mediated intracellular protein phosphorylations 
whieh may regulate the activity of pIXY321 as a 
survival factor and inhibitor of apoptosis. In 
addition, GM-CSF plus IL-3 or plXY321 has been 
demonstrated to enhance the intracellu
lar metabolism of Ara-C in AML but not in 
NBMMC [6]. Since intracellular Ara-CTP/dCTP 
pool ratios and Ara-C DNA incorporation corre
late with Ara-C-induced cytotoxicity and its 
ability to induce apoptosis [6,24], taken togeth
er these observations may explain why cotreat
ment with plXY 321 may differentially increase 
Ara-C-induced apoptosis in AML cells. 
Following prolonged co treatment with plXY321 
and low dose Ara-C versus treatment with Ara-C 
(lO nM) alone, the increased DNA fragmenta-

tion and apoptosis as well as the loss of clono
genie survival of HL-60 cells also has implica
tions for the treatment of refractory anemia with 
excess of blasts (RAEB) or RAEB in transforma
tion. In these clinieal settings, pIXY321 plus low 
dose Ara-C may demonstrate an improved 
antileukemie selectivity. 

A number of gene products have been impli
cated in regulating druginduced apoptosis in 
leukemie cells [25-27]. High intracellular levels 
of p26BCL-2 and the mutated P53 geneproduct 
have been shown to inhibit, while the overex
pressions of c-myc, bcl-2 related bax gene or the 
wild-type P53 gene- product may promote apop
tosis due to antileukemie drugs [27,28]. 
Although the present studies utilizing Western 
analysis did not reveal significant differences in 
p26BCL-2 levels in HL-60 or CD34+ NBMMC 
treated with plXY321 plus Ara-C versus Ara-C 
alone, they did not rule out any differences in 
the expression of the other regulatory genes for 
apoptosis as possible mechanism(s) undedying 
the differential antileukemie activity of plXY321 
plus Ara-C. The possibility also exists that 
plXY321 may differentially affect the function of 
p26BCL-2 in leukemie versus NBMMC. 

Although several reports have indicated that 
the modulation of the activity of protein kinases 
can influence drug-induced apoptosis in a vari
ety of celllines [11,191, the signalling pathway for 
the regulation of apoptosis have not cleady been 
defined [11]. Nonetheless, protein kinases, e.g. c
raf, MAP-kinase or PKC, are considered impor
tant links in the molecular signalling for the 
activation of the endonucleolytic DNA fragmen
tation and apoptosis [11,21]. Recently, the activi
ty of tyrosine kinases(s) have also been shown to 
regulate apoptosis and bcl-2 gene expression in 
growth factor dependent myeloid cell lines [29, 
30]. Our results corroborate this by demonstrat
ing that staurosporine, or a prolonged exposure 
to a phorbol ester, whieh down-regulate PKC
activity and by themselves do not induce inter
nucleosomal DNA fragmentation, significantly 
enhance HIDAC-induced DNA fragmentation 
and apoptosis. The present and previous reports 
also underscore the potential linkage between 
protein kinases, cell cycle perturbations and the 
expression of genes whieh influence drug
induced apoptosis. It would be cleady important 
to examine such a linkage to define clinieally 
applicable specific interventions which would 
differentially enhance druginduced apoptosis in 
cancer but not the normal host cells. 
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Abstract. A prospective, double-blind controiled 
study was conducted to determine the efficacy of 
a recombinant granulocyte colony-stimulating 
factor (G-CSF, 200 f..lg/m2) starting daily from 2 
days before an induction therapy until neu
trophils recovered to above 1,500/f..ll or until 35 
days after the therapy in 58 patients with rela
psed or refractory acute myeloid leukemia 
(AML). Twenty-eight patients in the G-CSF 
group showed significantly faster recovery of 
neutrophils (P < 0.001) than 30 patients in the 
placebo group. The incidence of febrile episodes 
and of documented infections was almost the 
same in both groups. However, among 39 pati
ents who did not show any infectious episodes 
during the 2 week-period after the start of 
chemotherapy, the incidence of documented 
infections after the third week tended to be 
lower in the G-CSF group, but not statisticaily 
significantly. There was no evidence that G-CSF 
stimulated the growth of AML ceils in the bone 
marrow during the 2-day period prior to the 
chemotherapy, nor that G-CSF accelerated the 
regrowth of AML ceils during the 5-week period 
after the therapy. Fifty percent of patients in the 
G-CSF group and 37% in the placebo group had 
complete remission (CR). Although the rate was 
higher in the G-CSF group, the difference was 
not statistically significant (P = 0.306). There 
was no difference between the two groups in 
event-free survival of ail patients, and in disease
free survival of patients who had achieved CR. 

Introduetion 

Granulocyte colony-stimulating factor (G-CSF) 
has been proved useful for the recovery of 

severe neutropenia after an intensive chemo
therapy and BMT [1-3). However, the dinical 
application of G-CSF in myeloid leukemia has 
been controversial, because it stimulates 
myeloid leukemia ceils as weil as normal granu
locyte progenitors in vitro [4-6). Although sev
eral investigators have reported that G-CSF does 
not stimulate AML ceils in vivo if the drug is 
used in patients whose leukemia ceils are highly 
reduced by chemotherapy [7,8), we sometimes 
experience . patients whose AML ceils increase 
during the G-CSF therapy, in case when patients 
have leukemia ceils in the peripheral blood. On 
the other hand, if G-CSF reaily simulates 
leukemia ceils, the stimulated leukemia ceils 
may become more susceptible to ceil-cyde 
dependent antitumor drugs, and better thera
peutic results may be obtained. 

In this preliminary double-blind controiled 
study in patients with relapsed or refractory 
AML, we asked two questions: 1) Does G-CSF 
given prior to the induction tlterapy stimulate 
leukemia ceils in vivo? 2) Does G-CSF increase 
the complete remission rate by recruiting quies
cent leukemia ceils into chemotherapy-sensitive 
proliferating ceils? 

Patients and Methods 

Patients were enroiled to this study from 23 
institutions which belonged to the Leukemia 
Study Group of the Ministry of Health and 
Welfare (Kohseisho) between October 1990 and 
Oetober 1992. Patients were eligible if they had 
AML which was refractory to 2 courses of the 
remission-induction therapy of Japan Adult 

The Kohseisho Leukemia Study Group, the Department of Medicine, Hamamatsu University School of Medicine, 
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Leukemia Study Group; the AML-89 study till 
December, 1991 and the AML-92 study from 
January 1992, relapsed from remission, relapsed 
and refractory to salvage therapy, or if they had 
AML arising from proven myelodysplastic syn
dromes (MDS). Patients were not eligible if their 
serum bilirubin was ~ 2.0 mg/dl, blood urea 
nitrogen ~ 35 mg/dl or serum creatinine ~ 2.0 
mg/dl, or if the ECOG performance status was 4. 
They were registered by telephone, and stratified 
according to the type of leukemia (AML or 
MDS), age ( < 60 or ~ 60 years) and the disease 
stage (relapsed or refractory). Informed consent 
was obtained from the patients or from the fam
ily members. 

All patients received an induction therapy 
which consisted of mitoxantrone 7 mg/m2 by 30 
min i.v. infusion daily for 3 days, etoposide 100 
mg/m2 by 1 hr i.v. infusion daily for 5 days and 
behenoyl cytosine arabinoside (BHAC) 200 
mg/m2 by 2 hr Lv. infusion daily for 7 days. 
Beginning from 2 days before the start of induc
tion therapy and continuing till 35 days after it, 
patients received either a recombinant human 
G-CSF (filgrastim, Kirin/Sankyo, Tokyo, 200 
Ilg/m2) or placebo by 60-min i.v. infusion daily. 
The placebo contained the same amount of 
additives to the G-CSF preparation; polysorbate-
80 and D-mannitol. The drug was discontinued 
earlier if peripheral neutrophil counts recovered 
to above 1,500/1l1. After achieving CR, therapy 
with the same drugs was repeated until relapse. 

This was a multicenter randomized, double
blind, placebo-controlled study in adult patients 
with relapsed or refractory AML to evaluate the 
effect of G-CSF on hematopoietic reconstitution 
after intensive remission induction therapy, on 
the growth of leukemia cells in bone marrow 2 
days after the administration of G-CSF, on the 
regrowth of leukemia cells after the induction 
therapy, and on the incidence of infectious 
episodes during the 5-week period after the start 
of G-CSF therapy. Caution was taken to avoid 
unnecessary stimulation of neutrophil produc
tion by G-CSF. Bone marrow aspirations were 
done at day - 2, day 0 (the day when chemo
therapy was started), day 13, day 20, day 27 and 
day 35. Incidence of febrile episodes with tem
perature over 38°C and of documented infec
tions were recorded. When patients died before 
their blood counts recovered to the designated 
numbers, they were regarded as cases which 
showed no recovery during the study period. 
When patients did not achieve complete remis-

sion by one course of the induction therapy, 
they were regarded as failure cases in terms of 
remission induction. A complete remission was 
considered to be established when bone marrow 
contained less than 5% of bl asts with normal 
level of peripheral neutrophils (> l,500/1ll) and 
platelet counts (> 100,000/1ll). Statistical analy
sis was done by the chi-square test, the t-test, the 
Wilcoxon rank-sum test, the generalized 
Wilcoxon test or the log-rank test using the SAS 
computer program. The study was approved by 
the institutional review board at each institution. 

Results 

Sixty patients were registered to the study, but 2 
patients did not receive the therapy due to the 
deterioration of their general condition. Thus, 
58 patients were ente red to the study. All of 
them completed the 7-day chemotherapy and 
were evaluated. Fifty patients had AML and 8 
had AML arising from MDS (MDS-AML). 
Twenty-eight patients received G-CSF and 30 
received placebo. Patient's characteristics were 
shown in Table 1. There was no statistical differ
ence between two treatment groups in age, sex, 

Table. 1. Patient's characteristics 

entered 
evaluable 
M/F 
Age (years old) 

median 
range 
Type 
AML 
Mo 
MI 
M2 
M4 
M5 
M6 
MDS 

Stage 
primarily refractory 
relapsed 
relapsed & refractory 
untreated 
WBC (median/Jll) 
RBC (median/Jll) 
platelet (median/Jll) 
Blasts % in bone marrow 
(median) 

G-CSF 

28 
28 
14114 

43 
18-63 

24 
o 
3 

14 
6 
1 

o 
4 

3 
19 

2 

4 
3,950 
3,150 

60 

64 

Placebo 

30 
30 
15115 

47 
16-66 

26 

7 
11 

4 

3 
18 

5 
4 
3,050 
3,170 

47 

47 
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type of AML, or stage of leukemia. One patient 
in the G-CSF group and two in the placebo 
group died of infection within 35 days after the 
start of induction therapy. 

Recovery of neutrophil counts. The recovery of neu
trophils over 5001J.lI and 1,0001J.lI (Fig. 1) was 
significantly faster in the G-CSF group than in 
the placebo group (P = 0.0001, respectively, by 
the log-rank test). The neutrophil count recov
ered to more than 5001J.lI in 25 patients in the 
G-CSF group within a median of 24 days, while 
it recovered in 18 patients in the placebo group 
within a median of 29 days. The neutrophil 
count recovered to more than 1,0001J.lI in 24 
patients in the G-CSF group within a median of 
25 days, while it recovered in 15 patients in the 
placebo group within a median of 32 days. There 
was no difference in the recovery of platelet 
counts to more than 100,0001J.ll between the two 
groups (P = 0.5186 by the log-rank test). 

Incidence of infectious episodes and documented infection. 
Eight (29%) of 28 patients in the G-CSF group 
and one (3%) of 30 patients in the placebo group 
had already had febrile episodes at the start of 
G-CSF (P = 0.011 by the Fisher's exact test). 
Twenty-six (93%) patients in the G-CSF group 
and 27 (90%) in the placebo group had some 
febrile episodes during the 37-day study period. 
Mean total of febrile days (± standard devia
tion) was 11.3 ± 6.3 days in the G-CSF group, and 
9.6 ± 6.4 in the placebo group. Documented 
infections were observed in 14 (50%) patients in 
the G-CSF group and 13 (43%) patients in the 
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placebo group. There were 4 cases of septicemia, 
3 pneumonia, 4 tonsillitisl stomatitis, one liver 
abscess and one cellulitis in the G-CSF group, 
and 3 septicemia, 2 pneumonia, 6 tonsillitisl 
stomatitis and 2 cellulitis in the placebo group. 
However, among 39 patients who did not show 
any infectious episodes during the 2 week-peri
od after the start of chemotherapy, 2 (14%) of15 
patients in the G-CSF group and 7 (29%) of 24 
patients in the placebo group presented infec
tious episodes (P = 0-460 by the Fisher's exact 
test), and one (7%) in the G-CSF group and 7 
(29%) in the placebo group developed docu
mented infections after the third week 
(P = 0.230). Among patients who did not have 
febrile episodes at the start of G-CSF, 18 (90%) 
of2o patients in the G-CSF group and 26 (89%) 
29 in the placebo group developed febrile 
episodes during the 37-day study period. 

Growth of leukemia blasts in bone marrow two days after 
the start of G-CSF therapy. The growth of blasts was 
compared in the two groups by examining the 
bone marrow on the day when the G-CSF thera
py was started (day - 2) and on the day when 
the induction chemotherapy was started (day 0). 
Two-hundred-fifty cells on May-Giemsa-stained 
bone marrow aspirates were examined by blind
ed hematologists at each institution. In the G
CSF group, the mean and median percentages of 
blasts on day - 2 were 54% and 63%, respective
ly, and those on day 0 were 54% and 62%, 
respectively. In the placebo group, the mean and 
median percentages of blasts on day - 2 were 
52% and 47%, respectively, and those on day 0 
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Fig. 1. The recovery of neutrophils over 1,OOOf!.tl 



were 54% and 63%, respectively. There was 
some increase of blast percentages in the bone 
marrow on day 0 in both groups. However, the 
mean increase of the blast percentage from day 
o to day - 2 was only 1.6% in the G-CSF group 
and 2.3% in the placebo group. The increase in 
individual patients showed no statistical signifi
cance by the paired t-test in both groups 
(P = 0.5603 and P = 0.3870, respectively). 

Regrowth of leukemia bJasts in bone marrow 3 to 5 weeks 
after the start of g-csf therapy. The regrowth of blasts 
was compared in the two groups by examining 
the bone marrow on day 21, day 28 and day 35 of 
the induction therapy. There was no difference 
between the two groups in the regrowth of 
blasts. The mean and median percentages of 
blasts on day 21 were 13% and 4% in the G-CSF 
group, and 15% and 5% in the placebo group, 
respectively. The mean and median percentages 
of blasts on day 28 were 15% and 3% in the G
CSF group, and 26% and 12% in the placebo 
group, respectively. The mean and median per
centages ofblasts on day 35 were 15% and 2% in 
the G-CSF group, and 20% and 2% in the place
bo group, respectively. These values showed no 
statistical significance by the Wilcoxon rank
sum test. Three patients in the G-CSF group and 
6 patients in the placebo group showed so me 
increase ofblasts during the study period. 

Result of remission induction therapy. The result of 
remission induction therapy is shown in the left 
column of Table 2. Fifty percent of the patients 
in the G-CSF group had CR after one course of 
induction therapy, as compared to 37% of those 
in the placebo group. The rate of remission was 
higher in the G-CSF group, but the difference 
was not statistically significant, although the 
power is not strong due to small sampie size 

(a=0.306, 1-ß=0.31O). Among patients with 
AML, 54% of 24 patients in the G-CSF group and 
42% of 26 patients in the placebo group 
achieved CR. Among patients with MDS, one of 
4 patients in the G-CSF group and none of 4 
patients in the placebo group obtained CR. 
Among patients with MDS, two patients in each 
group had some chromosomal abnormality 
involving chromosome 7 or 8, but the patient 
who obtained CR had no such abnormality. One 
patient in the G-CSF group and 2 in the placebo 
group died of infections within 5 weeks after the 
induction therapy. 

Event-free survival of all patients, and disease-free survival 
of complete remission coses. There was no difference 
between the two groups in EFS and DFS 
(P = 0.3642 and P = 0.5449, respectively, by the 
generalized Wilcoxon test) at the median follow
up of 24 months. Since no patient died before 
they relapsed, the continuing CR length was the 
same as DFS. 

Toxicities of G-CSF. Only one patient in the G-CSF 
group complained of bone pain, and there was 
no other toxic effects reported in both groups. 

Discussion 

Acute leukemia is a cancer with highly prolifera
tive potency, and it is not uncommon to see 
patients whose leukemia cells multiply daily in 
the peripheral blood, if antitumor drugs are not 
given. Therefore, in order to clarify whether 
G-CSF reaIly stimulates leukemia ceIls in vivo, it 
was expected that only a randomized study 
would only answer this controversial question. 

We previously conducted a prospective ran
domized study in relapsed or refractory acute 

Table 2. Result of induction therapy in refractory acute myeloid leukemia. G-CSF started before or after 
induction therapy 

before chemotherapy after chemotherapy 

Type No. of cases No.ofCR (%) No.ofcases No.ofCR (%) 

AML 24 13 (54%) 30 17 (57%) 
G-CSF MDS-AL 4 (25% ) 2 0 ( 0%) 

Total 28 14 (50%) 32 17 (53%) 

Control AML 26 11 (42%) 31 12 (39%) 
MDS-AL 4 0 (0% ) 

Total 30 11 (37%) 31 12 (39%) 
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leukemia [7). The study showed no difference 
between the two groups in the regrowth 
of leukemia cells within 40 days after the end of 
induction therapy, nor in the occurrence of 
relapse [7). We also reported that there was no 
increase of leukemia relapse in newly diagnosed 
patients with AML who received G-CSF for life
threatening infection during remission in duc
tion or consolidation therapy in the AML-87 
study of Japan Adult Leukemia Study Group [8). 
Moreover, a meta-analysis of two double-blind 
controlled studies of G-CSF after allogeneic 
BMT [9,10) showed no difference of disease-free 
survival in patients with myeloid leukemia who 
received G-CSF or placebo [u). 

However, there have been several reports that 
G-CSF stimulated growth of myeloid leukemia 
cells in vivo. Teshima et al. observed an increase 
of blasts with the parallel increase of neutrophils 
in a patient with CML in myeloid crisis during 
the G-CSF therapy [12). Soutar also reported the 
development of secondary AML in a patient 
with Hodgkin's disease who had been receiving 
G-CSF for 6 weeks for an unexplained neutrope
nia [13). We also experienced 2 patients with 
AML derived from MDS who had shown tran
sient increases of peripheral leukemia blasts 
during the G-CSF therapy (unpublished data). 

On the other hand, based on in vitro data 
which demonstrated that G-CSF or granulocyte
macrophage-colony stimulating factor (GM
CSF) recruited quiescent AML cells to become 
more sensitive to cell-cyde specific cytotoxic 
drugs and consequently promoted the drug
induced cell kill [14-18], several investigators 
have attempted to give GM-CSF before and dur
ing induction chemotherapy in order to increase 
remission rates. Bettelheim et al. reported 83% 
CR, higher than that of their historical control 
group, in 18 newly diagnosed patients with 
de novo AML by combination of standard 
induction chemotherapy and continuous infu
sion of GM-CSF from 48 to 24 hours before the 
chemotherapy until peripheral neutrophil 
recovered over 500//.11 [19]. On the contrary, 
Esteyet al. reported that administration of GM
CSF from 8 to 0 days before the start of in duc
tion chemotherapy resulted in a lower CR rate 
and a lower survival probability in newly diag
nosed AML than those of their prognostically 
adjusted historical control patients receiving no 
GM-CSF [20). Both ofthese studies are not ran
domized trials, and a well-controlled prospec
tive study is needed to darify whether CSFs 
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produce any other therapeutic benefit besides 
the acceleration of neutrophil recovery. 

The neutrophil recovery in the G-CSF group 
was significantly faster than that in the placebo 
group after the induction therapy. Nevertheless, 
overall incidence of febrile episodes or of docu
mented infections was not different between two 
groups. This may co me from the fact that 29% 
of the patients in the G-CSF group already had 
febrile episodes at the start of study compared 
to 5% in the placebo group. Furthermore, it is 
known that the neutrophil recovery after an 
intensive chemotherapy in acute leukemia usu
ally takes place around 2 weeks after the start of 
G-CSF as being observed in the present study 
and in the previous study [7). Therefore, the 
incidence of infectious episodes during the 2 
week-period would not probably be different. 
When the patients who had not shown any 
infectious episodes during the 2 week-period 
after the start of chemotherapy were analyzed, 
the incidence of documented infections tended 
to be lower in the G-CSF group (7%) than in the 
placebo group (29%) due to the earlier recovery 
of neutrophils in the former group. 

From this study, it has not been darified 
whether the 2-day administration of G-CSF 
stimulated the growth of AML cells in vivo. At 
least there was no significant difference in the 
percentage of blasts in the bone marrow after 
the 2-day administration of drugs between two 
groups. There was neither any sign that G-CSF 
stimulated the regrowth of leukemia blasts in 
the bone marrow during the 28-day administra
tion of G-CSF after the end of induction therapy. 

Patients in the G-CSF group tended to have a 
higher CR rate (50%) than patients in the place
bo group (3iYo). However, the current results 
showing a CR rate of 50% with G-CSF treatment 
given from 2 days prior to chemotherapy are 
very similar to the results obtained in our previ
ous study in which G-CSF was given after bone 
marrow aplasia [7). In the latter study, patients 
in the G-CSF group obtained a CR rate of 50% 
and those in the control group achieved a CR 
rate of 36% by an induction therapy with the 
same drug combination used in the present 
study, Le., mitoxantrone, etoposide and 
behenoyl cytosine arabinoside [7) (Table 2). 
Therefore, it was not dear whether the tendency 
of a higher CR rate in the G-CSF group in the 
present study was due to the recruitment effect 
by G-CSF or due to the stimulatory effect of neu
trophil production by G-CSF. In order to darify 



this question, a randomized study will be neces
sary by giving G-CSF or placebo from day - 2 
till the last day of chemotherapy, and then giving 
G-CSF to both groups until neutrophil recovery. 

There was no difference in disease-free sur
vival (DFS) of patients in the G-CSF and the 
placebo groups who had obtained CR, which 
indicated that patients in the G-CSF group 
showed no earlier relapse due to the G-CSF 
administration. We already reported that newly 
diagnosed patients with AML who received G
CSF due to life-threatening infections showed no 
earlier relapse but rather tended to have better 
DFS than those who did not receive G-CSF [8]. 

From the present pilot, placebo-controlled 
study, no evidence was revealed to prove that 
the administration of G-CSF accelerated the 
regrowth of AML cells in vivo, and became 
harmful to patients. Furthermore, there was no 
convincing data that G-CSF at the standard dose 
for dinical use stimulated AML cells in vivo. For 
further dinical trials to recruit quiescent AML 
cells making more sensitive to ceIl-cyde specific 
cytotoxic drugs, GM-CSF instead of G-CSF 
might be more suitable, since there are ample 
evidences that GM-CSF stimulates AML colony
forming units more than G-CSF in vitro. 

Even though there is no convincing in vivo 
data which demonstrate that G-CSF stimulates 
leukemia cells when this drug is used after 
intensive chemotherapy, when G-CSF is used for 
the accelerated recovery of neutrophils, caution 
must still be taken to avoid a possible stimulato
ry effect of AML cells in vivo, since G-CSF defi
nitely stimulates AML cells in vitro. The dose of 
G-CSF to be utilized clinically should be a mini
mally required dose for an accelerated recovery 
of neutrophils, and the administration period 
should also be as short as possible. No more 
than 1,500!J.lI of neutrophils in the peripheral 
blood will be needed for the control of regular 
microbial infections [21]. From our experience, 
absence of AML blasts in the peripheral blood or 
less than 20% of AML blasts in hypoplastic bone 
marrow seems relevant for the starting time of 
the G-CSF therapy. 

Moreover, until further randomized studies 
show whether G-CSF is really safely used in 
patients with AML, the dinical use of G-CSF 
should be limited to life-threatening infections 
or uncontrollable infections in severely neu
tropenic states in standard-risk AML. In case of 
high-risk AML, such as AML in elderly patients 
or relapsed and!or refractory AML, G-CSF can 

be used when patients have severe neutropenia, 
or even be given prophylacticaIly, since early 
recovery from neutropenia or no development 
of neutropenia will permit dose-intensified 
chemotherapy in these patients, plausibly result
ing in a better therapeutic outcome. 
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Abstract. Growth factors may enhance the cyto
toxicity of anticancer agents. Little is known 
about this effect of growth factors on acute 
lymphoblastic leukemia (ALL) cells. We studied 
the effects of interleukin-3 (lL-3), interleukin-7 
(lL-7) and B-cell growth factor (BCGF) on cell 
survival and drug resistance in ALL sampies, 
using the MTT assay. 

Compared to drug-free culture without 
growth factors, the cell survival was significantly 
increased by IL-3, IL-7 and BCGF. Compared to 
growth factor-free drug incubations, the cyto
toxicity of thioguanine was significantly en
hanced by IL-3 and IL-7, and the cytotoxicity of 
cytarabine was significantly enhanced by 
IL-7. In contrast, the cytotoxicity of pred
nisolone was decreased by the growth factors in 
most ALL sampies, and overall not significantly 
modulated. 

We condude that the MTT assay can be used 
to study the effects of growth factors on ceH sur
vival and drug resistance of ALL cells. This type 
of information may be useful for the design of 
clinical trials with growth factors in ALL. 

Introduction 

One of the applications of growth factors in 
hematopoietic malignancies. is to increase the 
chemosensitivity of the malignant cells. This 
effect is assumed to be caused by the recruit
ment of non-proliferating cells into cyde. In 
vitro studies might identify growth factors 

which may be useful for this purpose. In addi
tion, the results might even predict the clinically 
heterogeneic response to growth factors (Estrov 
et al., 1992). 

The purposes of the present study were to 
investigate the effects ofIL-3, IL-7, and BCGF on 
cell survival and on resistance to cytarabine, 
thioguanine, and prednisolone of ALL cells. For 
these purposes, the methyl-thiazol-tetrazolium 
(MTT) assay was used (Pieters et al., 1990). 

Materials and Methods 

Sam pIes which had been cryopreserved in liquid 
nitrogen of 17 children with newly diagnosed 
ALL were successfully tested with the MTT assay 
at the research laboratory for pediatric hemato
onco-immunology of the Free University Hos
pital in Amsterdam. It concerned '5 precursor 
B-cell and 2 T -cell ALL sampies. All sampies 
contained? 90% ALL cells after isolation and 
after 5 days of culture. 

The ALL cells were cultured in flasks without 
or with growth factor (lL-3 30 lU/mI, IL-7 100 
lU/mI, BCGF 10% v/v) in serum-free Iscove's 
modified Dulbecco's medium with supplements. 
After 24 hours, cells were plated in the wells of 
96-well microculture plates and cultured for 4 
more days in the continuous presence or ab
sence of growth factor, without or with drug 
(each at 4 different concentrations). 

The MTT assay was used to assess the degree 
of cell survival and to assess the cytotoxicity of 
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cytarabine, thioguanine and prednisolone as 
described previously (Kaspers et al., 1991). MTT 
is reduced to a coloured formazan by living but 
not by dead cells. The optical density (OD), 
which is linearily related to the number of living 
cells (Pieters et al., 1988), was measured spectro
photometrically. The LC50, the drug concentra
tion lethai to 50% of the cells, was calculated 
from the dose-response curves and used as mea
sure of resistance. 

Stimulation indices were calculated by: (OD 
with growth factor)1 (OD without growth fac
tor). A stimulation index of> 1 indicates an in
creased cell survival. 

Sensitization indices were calculated by: 
(LC50 without growth factor)/(LC50 with growth 
factor). A sensitization index of > 1 indicates 
enhanced cytotoxicity. 

Comparisons of cell survival and drug 
resistance with and without growth factor were 
done with the Wilcoxon's matched pair test. 

Results 

Effects af growth factars an cellsurvival. IL-3, IL-7, and 
BCGF induced a significantly increased ALL cell 
survival as assessed on day 5 by the MTT assay. 
An inhibitory effect of any growth factor on cell 
survival was very rarely seen in individual 
sampies. Table 1 summarizes the results. BCGF 
had a greater effect on cell survival than IL-3 
(p = 0.02), while such a comparison between 
BCGF and IL-7 and between IL-3 and IL-7 was 
not significantly different. 

Effects af growth factars an drug resistance. Incubation 
with any growth factor enhanced the cytotoxici
ty of cytarabine and thioguanine towards the 
ALL cells in most sampies. For cytarabine this 
was significant for IL-7, and for thioguanine it 
was significant for IL-3 and IL-7. In contrast, the 
cytotoxicity of prednisolone was more often 

Table 1. Effect of growth factors on ALL cell survival 
(n = 17) 

IL-3 IL-7 BCGF 

Stimulation Index 
median 1.4 1.4 2.1 
range 0·7-3.8 1.0-7·3 1.4-6.6 

P-value 0.002 0.001 0.001 
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decreased, and overall not significantly mo du
lated. An example of cytarabine cytotoxicity en
hanced by IL-3, and an example of prednisolone 
cytotoxicity decreased by IL-7 are shown in Fig. 
1 and Table 2 summarizes the overall results. IL-
7 enhanced the cytotoxicity of thioguanine to a 
greater extent than IL-3 (p = 0.02) and BCGF 
(p = 0.02), and that of cytarabine to a greater 
extent than IL-3 (p = 0.03). 

Discussion 

We studied the in vitro effects of IL-3, IL-7 and 
BCGF on cell survival and drug resistance of 
childhood ALL cells obtained at initial diagno
sis. For these purposes, we used the colorimetric 
MTT assay, which is a rapid and objective assay 
suited to study proliferation (Mosmann, 1983) 
and drug resistance (Veerman & Pieters, 1990). 

Cell survival was increased by each growth 
factor, especially by BCGF. Whether this is 
caused by a stimulatory effect on proliferation 
or by a decreased 'spontaneous' apoptosis re
mains to be elucidated. Stimulatory effects on 
proliferation of ALL cells have been reported by 
other authors for IL-3 (Uckun et al., 1989; Eder 
et al., 1990; Findley et al., 1990; O'Connor et al., 
1991), IL-7 (Eder et al., 1990; Touw et al., 1990; 
O'Connor et al., 1991; Skj0nsberg et al., 1991) and 
BCGF (Wörmann et al., 1987; Findley et al., 1990; 
Skj0nsberg et al., 1991). 

With respect to the modulation of drug resis
tance, we observed that the growth factors en
hanced the cytotoxicity of cytarabine and 
thioguanine in most patient sampies. A signifi
cant enhancement of the cytotoxicity of thiogua
nine was induced by IL-3 and IL-7, and that of 
cytarabine by IL-7. The reason for this enhanced 
cytotoxicity is not dear from this study. It is 
generally attributed to the recruitment of non
proliferating cells into cyde. However, other 
speculative effects of growth factors, e.g. on the 
expression on apoptosis-regulatory oncopro
teins, may play a role. In this respect it is of 
interest that the cytotoxicity of prednisolone 
was more frequently decreased in case of 
co-incubation with growth factor. Similarly, a 
decreased cytotoxicity of cytarabine was occa
sionally observed. Similarly, it has been report
ed that IL-4 protected mouse thymocytes from 
dexamethasone-induced cell death by apoptosis 
(Migliorati et al. , 1993). Koistinen et al. (1991) 
reported that IL-3 and granulocyte-macrophage 



Fig. 1. Examples of the effect of growth 
factors on the cytotoxicity of drugs on 
ALL cells in individual sampies. Top: 
enhanced cytoxicity of cytarabine by IL-
3; bottom: decreased cytotoxicity of pred
nisolone by IL-7 -- Cytarabine 
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Table 2. Effect of growth factors on drug resistance of 
ALL cells (n = 17) 

IL-3 IL-7 BCGF 

Cytarabine 

Sensitization Index 
median 1.0 1.1 1.0 
range 0.3-7·4 0·4-31.3 0·5-7·4 
P-value 0.93 0.04 0·58 

Thioguanine 

Sensitization Index 
median 1.2 1.6 1.2 
range 0.8-9·3 1.0-27·0 0.6-11.6 
P-value 0.03 0.005 0.13 

Prednisolone 

Sensitization Index 
median 1.0 1.0 0.8 
range 0·3-8.1 0.01-50.0 0.1-10·9 
P-value 1.0 0.17 0.14 

colony-stimulating factor decreased cytarabine 
cytotoxicity in so me patient acute myeloid 
leukemia sampIes, even when the ceIls were 
actively synthesizing DNA. 
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We conclude that the MTT assay can be used 
to study the effects of growth factors on ceIl sur
vival and drug resistance of ALL ceIls. IL-3, IL-7 
and BCGF increased ALL ceIl survival in nearly 
aIl sampIes tested. The cytotoxicity of thiogua
nine and cytarabine was enhanced by these 
growth factors in most ALL sampIes. However, a 
decreased cytotoxicity of cytarabine was seen in 
some sam pIes, while a decreased cytotoxicity of 
prednisolone after exposure of the ALL ceIls to 
growth factors was seen in most cases. The 
results of this type of in vitro studies could be 
useful in the design of clinical trials in ALL in 
which growth factors are applied. 
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The Experience of Polish Children's Leukemia Lymphoma Study Group 
on G-CSF and GM-CSF Interventional Use in Neutropenia Associated 
with Chemotherapy of Childhood Acute Lymphoblastic Leukemia (ALL) 
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M. Ochocka5, u. Radwanska', and D. Sonta-Jakimczyk' 

Abstract. The aim of this study was to determine 
a clinical efficacy and tolerance of G and GM
CSF in children with neutropenia and infectious 
complications, associated with chemotherapy of 
ALL. Total number of 38 courses of G (25) and 
GM-CSF (13) were applied in 29 children aged 
from 1-14 years, 17 boys and 12 girls. Twenty 
children with ALL served as historical control 
group. GM-CSF Leucomax Sandoz was given at 
dose 5 J-lg/kg, G-CSF Filgrastim Hoffman la 
Roche at dose 5-12 J-lg/kg daily sc. until the neu
trocyte count reached at least 10 x 109/1 for two 
consecutive days. Duration of therapy ranged 
from 2-16 days with median 6 days. The dura
tion of granulocytopenia <500/mm' before 
cytokines therapy ranged from 3-16 days with 
median 5 days. 

The me an and median numbers of total 
WBC, neutrophilis, monocytes and eosinophils 
increased after both G and GM-CSF therapy. 
The median time to neutropenic recovery was 
shorter in group of children treated with 
cytokines than in children from historical con
trol group (4 vs. 14.5 days). Also shorter median 
time of febrile days in comparison with control 
group was observed (1 vs. 4 days). No significant 
differences between G and GM-CSF group were 
observed. All children tolerated cytokines treat
ment weIl. Our study have demonstrated a good 

efficacy of G and GM-CSF in reduction of the 
number of neutropenic and febrile days associ
ated with chemotherapy of ALL. 

Introduction 

Modern intensive multi-drug chemotherapy and 
radiotherapy for children with ALL has signifi
cantly increased long-term event free survival 
EFS to 80% at 10 years [8, 26]. The myelotoxicity 
of these treatment, however, results in a substan
tial morbidity related primarily to infectious 
complications. Risk of infection is related to both 
the degree and length of neutropenia [6, 20, 28]. 

The increasing availability of molecularly 
cloned hematopoietic growth factors for clinical 
applications is one of the exciting recent devel
opments in oncology [3, 18, 19]. A number of 
CSF and interleukins are being tested in patients 
with variety of conditions associated with bone 
marrow failure of different etiology including 
neutropenia associated with chemoilierapy [2, 7, 
11,13,15,29]. 

Although the use of GM-CSF and G-CSF is 
becoming relatively widespread, the art and full 
potential of the utilization of these agents in 
children has not been completely defined yet [5, 
10,16,26]. 
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Aim ofStudy 

The aim of this study was to determine a clinical 
efficacy and tolerance of G and GM-CSF in chil
dren with neutropenia and infectious complica
tions, associated with chemotherapy of ALL. 

Material and Methods 

Patients. Total number of 29 children with ALL 
aged from 2-17 years, 17 boys and 12 girls were 
included to the study. Twenty children with ALL 
served as historical control group. 

The ALL children were treated according to 
BFM 86 protocols for low risk group LRG and 
middle risk group MRG [251. Children with ALL 
high risk group HRG were treated according to 
New York protocol. Children with ALL, relapse 
were treated according to BFM 85 relapse pro
tocol. 

Total number of 38 courses included G-CSF 
Filgrastim (Amgen Hoffman la Roche) (25 
courses) and GM-CSF Leucomax (Sandoz) (13 
courses). CSFs were applied during granulo 
cytopenic period after aggressive chemo and 
radiotherapy complicated with life threatening 
infection in children with ALL. 

Clinical characteristics of children are pre
sented in Tables 1 (Leucomax), 2 (Filgrastim) 
and 3 (control group). 

C1inical and laboratory monitoring. The evaluations 
included regularly assessment of vital signs, 
physical examinations, and tests of hepatic and 
renal functions. Complete blood counts and 
differential counts were performed at least once 
daily during the whole period of the therapy. 

Studydesign. GM-CSF-Leucomax Sandoz Schering 
Plough was given at dose 5 Jlg/kg/day, G-CSF 
Filgrastim Hoffman la Roche at dose 5-12 Jlg/kg 
daily sc. until the neutrocyte count reached at 
least 10 x 109/1 for two consecutive days. 
Duration oftherapy ranged from 2-16 days with 
median 6 days. The duration of granulocytope
nia < 50o/mm3 before cytokines therapy ranged 
from 3-20 days with median 5 days. The time 
from the end of chemotherapy ranged from 2 to 
14 with median 5. 

Results 

The results obtained in children with ALL treat
ed with Filgrastim and Leucomax are separately 
presented in Table 4. The me an and median 

Ihle 1. clinical characteristics of children treated with GM-CSF (Leucomax) during neutropenia asociated with ALL 
Lemotherapy 

Age cytokine uration of therpy uration of febrile days to neutrocyte 
No. Initials years Sex Diagnosis dose/day days days recovery 

A.P. 2 f ALL-L G 75 g 7 2 6 
remission 

C. 2·5 m ALL-MG 100g 16 2 4 
remission 

P. 7 m ALL-MG 100 g 0 4 
remission 

M. 7 f ALL-MG 100g 4 0 
remission 

S. 5 f ALL-MG 90 g 4 3 3 
remission 

C. 9 m ALL-G 200 g 4 3 4 
remission 5 3 3 

P. 12 m ALL-G 150 g 13 0 
remission 12 0 

10 0 
7 0 

S. 11 m ALL relapse 120g 8 7 7 
S. 8 m ALL relapse 200 g 2 0 2 

Lean 7·06 7·46 1.54 2.29 
Ledian 7 7 0 2·5 

no neutrocyte recover 
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Table 2. Clinical characteristics of children treated with G-CSF (Filgrastim) during neutropenia associated with 
ALL chemotherapy 

Age Cytokine Duration of Duration of Days to neutro-
P.N. Initials years Sex Diagnosis dose/day therapy days febrile days cyte recovery 

l. G.P. 3 f ALL-LRG I remission 75 ~g 2 2 
2. K.P. 8 m ALL-LRG I remission 250 ~g 12 4 12 

3· H.Sz. 5 f ALL-MRG I remission 120 ~g 6 2 5 
4· L.T· 6 f ALL-MRG I remission 80 ~g 5 3 4 
5· S.K. 5 f ALL-MRG I remission 200 ~g 16 10 15 
6. R.N. 6 m ALL-MRG I remission 100 ~g 10 0 10 

7· D.S. 4 m ALL-MRG I remission 100 ~g 11 6 10 
8. P.P. 7 m ALL-MRG I remision 210 ~g 7 0 

9· O.P. 3 f ALL-MRG I remis ion 110 ~g 2 0 2 
10. T.M. 3 f ALL-MRG I remission 95 ~g 4 0 4 

100 ~g 3 0 3 
11. S.E. 10 f ALL-MRG I remission 240~g 6 0 6 
12. M.P. 4 m ALL-HRG I remission 100 ~g 6 5 

7 3 6 
2 0 2 
4 0 3 

13· W.D. m ALL-HRG I remission 160 ~g 2 0 2 
14· W.M. 17 m ALL-HRG I remission 200~g 4 0 3 
15· K.K. 7 f ALL relapse 180 ~g 5 3 5 
16. K.Sz. 8 m ALL relapse 200 ~g 4 2 4 
17· CZ.D. 6 m ALL relapse 210 ~g 6 4 6 

4 0 4 
18. N.P. 7 f ALL relapse 100 ~g 5 5 
19· R.K. 8 m ALL relapse 200~g 7 1 7 
20. G.T. 13 m ALL relapse 235 ~g 4 0 4 

mean 6.75 5-76 1.64 5.36 
median 6 

Table 3. Clinical characteristics of children with ALL in the control group 

Duration of Days to neutro-
P.N. Initials Age years Sex Diagnosis febrile days cyte recovery 

1. L. 6 m ALL-LG remission 0 12 
2. S. 10 m ALL-LG remission 3 9 
3· P. 9 m ALL-MG remission 6 24 
4· 2 m ALL-MG remission 0 5 
5· M.G. 8 f ALL-MG remission 3 7 
6. 2 m ALL-MG remission 0 
7· M. 7 f ALL-MG remission 3 11 
8. G. 13 m ALL-G remission 13 
9· G. 8 f ALL-G remission 12 14 

10. 11 m ALL-G remission 7 14 
1l. 10 m ALL-G remission 3 8 
12. A.G. 8 f ALL-G remission 14 
13· P. 4 m ALL-G remission 3 5 
14· P. 2 m ALL relapse 3 8 
15· S. 16 m ALL relapse 7 14 
16. S. m ALLrelapse 9 14 
17· A.L. 12 m ALLrelapse 6 14 
18. T.S. 11 m ALLrelapse 7 17 
19· S.P. 14 f ALL relapse 19 21 
20. S.S. 14 m ALL relapse 13 19 

mean 8.6 5·5 12·4 
median 8·5 4 13·5 
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numbers of total WBCs, mature neutrophils, 
neutrophilic bands and eosinophils consistently 
increased during both G and GM-CSF adminis
tration. In both groups the greatest percentage 

countlrnm3 
25000 
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15000 
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o 

o 2 3 4 

increase in the neutrophil lineage was noticed 
between 2-15 days (Fig. 1 and 2). The median 
time to neutropenic recovery was shorter in 
group of children treated with GM-CSF than 

5 6 7 8 9 

days 

Fig.l. Individual neutrophile count in children with ALL treated with GM-CSF (Leucomax) 
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Fig. 2. Individual neutrophile count in children with ALL treated with G-CSF (Filgrastim) 
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with G-CSF and that in children from historical 
control group (2,5 days v 5 days v 13,5 days) 
(Table 1 and 2). Also consistent increase in the 
monocyte lineage was observed (Fig. 3 and 4). 

countlmm3 
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In 9/11 children treated with G-CSF and in 4/7 
treated with GM-CSF signs of infection disap
peared even before granulocyte count increased. 
Also shorter median time of febrile days in com-
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days 

Fig.3. Individual monocyte count in children with ALL treated with GM-CSF (Leucomax) 
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Fig. 4. Individual monocyte count in children with ALL treated with G-CSF (Filgrastim) 
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parison with control group was observed (GM
CSF-o days vs. G-CSF-l day vs. 4 days control 
group). 

No serious side effects during cytokines ther
apy were noticed. In one patient local erythema 
in injection place was observed. 

Discussion 

The present study was designed to investigate a 
clinical efficacy and tolerance of GM-CSF and G
CSF in children with neutropenia associated with 
chemotherapy of ALL. Our results showed that 
both rh GM-CSF and G-CSF administered after 
chemotherapy in children with ALL produced 
increase of absolute neutrophils count and 
decreased severity and duration of infections. 

This good results could be explained by stim
ulation with G and G-CSF of neutrophile proli 
feration and differentiation. In addition to its 
hematopoietic properties GM and G-CSF ampli
fies several important functions of mature leuko
cytes including the oxidative burst, adhesion, 
phagocytosis, degranulation and lipid mediator 
synthesis, in response to second signals of neu
trophil [1, 4, 12, 23]. It is now established that 
neutrophile upon G and GM-CSF stimulation 
synthetize many important macromolecules 
including cytokines such as IL-l, IL-6, IL-8 [25]. 

Similar beneficial results of G and GM-CSF 
on neutrophile recovery in patients with granu
locytopenia after chemotherapy were described 
by many authors [14, 16, 17, 21, 24, 27, 30]. 

In our study no serious side effects during 
cytokines therapy were noticed. In one patient 
local erythema in injection place was observed, 
however other studies showed serious side 
effects such as capillary leak syndrome [9]. 

The treatment with cytokines (GM-CSF and 
G-CSF) did not appear to compromise the ALL 
response rate. Ode and cow. have found using 
both DNA synthesis and clonogenic assays that 
G and GM-CSF did not stimulate the growth of 
leukemic BM cells from children with ALL [22] 
while stimulate AML cells [14]. Nevertheless 
larger number of patients and longer follow-up 
time are essential for drawing the proper con
clusions in this aspect. 

Conclusions 

Our study have demonstrated a clear reduction 
of the number of febrile days, reduced incidence 

and shorter duration of bone marrow suppres
sion, a decreased frequency of infectious com
plications. 

Acknowledgement. The work was supported by 
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Induction Therapy with Idarubicin, Ara-C, and VP-16, Followed by G-CSF 
and Maintenance Immunotherapy with Interleukin-2 tor High-Risk AML 
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H. G. Fuhr', L. Bergmann', and D. Hoelzer' 

Abstract. Aggressive chemotherapy followed by 
administration of G-CSF and maintenance ther
apy with interleukin-2 was evaluated in 16 
patients with advanced myelodxysplastic syn
drome, 47 patients with AML evolving from 
myelodysplastic syndromes, 3 patients with sub
acute myeloid leukemia and 5 patients with sec
ondary AML. Median age was 59 years (range: 23 
to 76 years). All patients achieving a complete 
remission (CR) after two induction courses went 
on to receive two consolidation courses, to be 
followed by randomization to either high-dose 
or low-dose IL-2 to evaluate the potential of IL-2 
to eliminate residualleukemic cells and to pro
long the duration of CR. Patients ~ age 55 with 
an HLA identical sibling donor subsequently 
proceeded to allogeneic bone marrow transplan
tation. Sixty-eight of 71 patients are evaluluable 
on the chemotherapy arm. Thirty-one patients 
(46%) achieved a complete remission, 7 patients 
(10%) a partial remission, while 24 patients 
(35%) were treatment failures. Early death 
occurred in 6 pts (9%). Three patients with CR 
and 3 with PR underwent allogeneic bone mar
row transplantation. Until now, 12 patients were 
randomized to receive four cycles of IL-2 treat
ment, either 9 x 106 or 0.9 x 106 IU/m2/day IV, 
days 1-5 and 8-12. Eight patients relapsed, 6 

prior to IL-2 maintenance therapy, and 2 after 
IL-2. Median relapse-free survival was 11 

months. We conclude that aggressive chemothe
rapy with idarubicin/ara-C/VP-16 followed by 
G-GSF is both effective and well tolerated with a 
low rate of early death when compared to pub
lished trials without growth factor support, 
while the assessment of IL-2 treatment warrants 
additional patient accrual and longer follow-up. 

Introduction 

The use of multi-agent chemotherapy for 
patients with myelodysplastic syndromes (MDS) 
in transformation to acute myeloid leukemia 
(AML) or with AML that has evolved from MDS 
or has occurred after previous cytotoxic chemo
therapy has generally been less effective than for 
patients with de novo AML (reviewed in [1,2]). 
Complete remission (CR) rates are lower and 
treatment-related deaths, especially from infec
tions during prolonged neutropenia, are more 
frequent than in patients with primary AML. In 
addition, the duration of CR is shorter than 12 
months in patients with these adverse subtypes 
of AML and thereby lower than in patients with 
de novo AML. 
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Recent trials in elderly patients with high-risk 
AML have demonstrated that the rate of infec
tion-related deaths during induction therapy 
can be reduced by using hematopoietic growth 
factors to accelerate of hematopoietic recovery 
[3A]. In addition, treatment of AML patients 
with interleukin-2 (IL-2) has resulted in the 
induction of an anti-Ieukemic immune response 
and elimination of overt leukemic cells [5,6,7]. 
Wehave therefore initiated a phase III trial of 
aggressive chemotherapy followed by rescue 
with G-CSF in patients with high-risk AML. 
Patients achieving a complete remission are 
then randomly assigned to achieve either high
dose or low-dose IL-2 to further eliminate resid
ual leukemic cells and thereby to prolong the 
duration of CR. The present report underscores 
the feasability of this therapeutic approach 
which had already been apparent at an early 
interim analysis [8]. 

Patients and Treatment Protocol 

From January 1992 until December 1993, 71 
patients with refractory anemia in transforma
tion to acute leukemia (RAEB-T), subacute 
leukemia (stable clinical course for more than 
three months), AML evolving from MDS, or 
AML secondary to previous cytotoxic chemo
therapy were entered into this study. The diag
nosis was established by examination of blood 
and bone marrow aspirate and trephine biopsies. 

The chemotherapy regimen for induction 
consisted of cytosine-arabinoside (ara-C) as a 
continuous IV infusion at a daily dose of 100 
mg/rn' for 7 days, idarubicin administered as IV 
bolus at 10 mg/rn' days 1, 2, and 3, and VP-16 as 
I-hour infusion at 100 mg/rn' on days 3 to 7 
(Table 1). Two early consolidation courses con
sisted of ara-C, 100 mg/rn' CIVI, days 1-5, idaru
bicin, 10 mg/rn' IV, days 1 and 2, and VP-16, 100 
mg/rn' IV, days 1-5. A late consolidation course 
included amsacrine, 60 mg/rn', administered by 
IV bolus injection on days 1-5, and ara-C at a 
dose of 600 mg/rn' as 2-hour infusion every 12 

hours on days 1-5. 
After each course of chemotherapy, patients 

received G-CSF until recovery of granulocyte 
counts. Starting 4-6 weeks after the late consoli
dation course, patients were randomized to four 
cycles of either high dose (9 x 106 lU/rn') or low
dose (0.9 x 106 lU/rn') recombinant interleukin-

Table 1. Patient characteristics and treatment results 

Number of patients 71 (68 evaluable) 

Male/Female 34/37 

Age (Years) 
median 59 
range 23-76 

Diagnoses 
AML after MDS 47 
RAEB-T 16 
secondary AML 3 
subacute AML 5 

Results of therapy 
eR 31(46%) 
PR 7(10%) 
Failure 24(35%) 
Early death 6(9%) 

2 (rIL-2, provided by Hoffmann-LaRoche) as 1-

ho ur infusion on days 1-5 and 7-13 [7]. Cycles 
were repeated at 6-week intervals. Eligible 
patients (below 55 years of age, HLA-identical 
donor) received an allogeneic bone marrow 
transplant after achieving CR or PR. 

Results 

Until December 31, 1993, 71 patients have been 
entered into this study: 34 males and 37 females 
with a median age of 59 years (range, 23-76 
years). The diagnoses and the treatment out
come are listed in Table 1. Thirty-one of the 68 
evaluable patients (46%) achieved a complete 
remission. Seven patients obtained a partial 
remission after completion of the induction 
course, resulting in a total response rate of 56%. 
Twenty-four of the patients (35%) were non
responders, since their bone marrows were still 
cellular with more than 25% blasts. Early death 
occurred in only six patient (9%) during induc
tion therapy. Six patients, three in CR and three 
in PR, underwent allogeneic bone marrow trans
plantation. In two patients, treatment with IL-2 
had to be stopped because of recurrent cardiac 
arrhythmia, one patient in the high-dose and 
another one in the low-dose arm. 

The median duration of relapse-free survival 
was 11 months with a median follow-up time in 
the patients achieving a CR of 11 months (range: 
1-20 months). The median duration of continu
ous complete remission was not yet reached. 
Eight patients relapsed, six of them before and 



two after IL-2 maintenance therapy. One relapse 
each occurred after high-dose and low-dose 
IL-2. 

Discussion 

This study was prompted by reports that idaru
bicin is effective in patients with high-risk AML 
[9,10] and that the use of hematopoietic growth 
factors, e.g. G-CSF and GM-CSF, for acceleration 
of neutrophil recovery will reduce the rate of 
severe infections and early death [3,4]. The 
interim results in sixty-eight patients illustrate 
that the combination of idarubicin, ara-C, and 
VP-16 is highly effective for remission induction 
being in the upper range with regard to the rate 
of complete remission and the median duration 
of continuous complete remission or relapse 
free survival of what has been previously 
observed with other regimens [1,2]. 

In previous studies of aggressive chemothera
py in a comparable patient population, the rate 
of early death usually ranged between 20% and 
40% [1,2]. Due to this high rate of death during 
induction therapy, many centers hesitate to treat 
these patients aggressively, but rather give low
dose chemotherapy or supportive care only. The 
low rate of early death in our patients which was 
not higher than in younger patients treated for 
de novo AML, might be due to the use of G-CSF 
after each chemotherapy cyele which by acceler
ating neutrophil recovery would prevent or 
ameliorate the course of infections, as previous
Iy shown by other authors [3,4]. Thus, the low 
rate of early death makes our protocol a suitable 
treatment regimen for the mainly elderly 
patients with high-risk AML. 

Since the disease-free survival ranges 
between 0-20% in this patient population, all 
non-transplant-eligible CR patients were ran
domized to receive either high-dose or low-dose 
rIL-2 to elicit an immune response against mini
mal residualleukemic blast cells [5-7]. Although 
twelve patients have already been treated with 
either high-dose or low-dose IL-2, the results are 
still too preliminary and will require further fol
low-up before the value of this approach can be 
evaluated. 

In conelusion, the early data of this treatment 
schedule suggest that improved treatment 

results can be obtained in patients with high
risk leukemia. This regimen will therefore allow 
the evaluation of immunotherapy with rIL-2 in a 
larger number of patients with high-risk AML 
who previously would have been exeluded from 
myeloablative chemotherapy protocols. 
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Abstract. Between 9/90 and 11/92, the ECOG con
ducted a double-blind randomized trial of yeast
derived GM-CSF (Sargramostim) versus placebo 
in 124 patients age> 55-70 with de novo acute 
myeloid leukemia (AML). Induction therapy 
consisted of 1-2 courses of daunorubicin (60 
mg/m'/day, days 1-3) and cytarabine (100 
mg/m'/day, days 1-7). Consolidation therapy 
consisted of one course of high-dose cytarabine 
(1.5 g/m'/q12h x 12 doses). GM-CSF (250 ~g/m'/ 
day) or placebo was started on day 11 of the first 
course of induction therapy if the bone marrow 
on day 10 was hypoplastic and with < 5% 
leukemic cells. If marrow aplasia was not 
obtained, a second course of induction therapy 
was given and study drug begun 4 days later if 
the repeat bone marrow study showed< 5% 
leukemic cells. Of 117 eligible patients, study 
drug was given to 99 during induction therapy 
and to 47 during consolidation therapy. The 
same study drug given during induction therapy 
was also given after consolidation therapy. 
Following induction therapy, the median num
ber of days to re ach neutrophils> 500/mm3 and 
> 1,000/mm3 was shorter by an average of 4 and 
7 days, respectively in the GM-CSF group (13 
versus 17 days and 14 versus 21 days, p,,; 0.004). 
Patients given GM-CSF had significantly fewer 
grade 4, 5 infections (9.6% versus 36.2%, 
p = 0.002), fewer fatal infections during and 
within 30 days of completing study drug (5.8% 
versus 23.4%, p = 0.019), fewer fatal pneumonias 

(14.3% versus 53.8%, p = 0.046) among subjects 
who contracted a pneumonia, and fewer deaths 
associated with a fungal infection (1.9% versus 
19.1%, p = 0.006). Fewer patients given GM-CSF 
died in the first 180 days of entry onto study 
(17.3% versus 42.6%, p = 0.008). There were no 
increase in the frequency of resistant or recur
rent leukemia and in the incidence of adverse 
events ascribed to GM-CSF. In conclusion, GM
CSF is safe and effective in older patients under
going induction therapy for AML and it 
significantly ameliorates infection rates and 
complications of infections. Its role in younger 
patients or in patients with recurrent disease 
needs to be investigated. 

Introduction 

Despite recent progress in antimicrobial thera
py, infectious complications remain a major 
problem during the remission induction therapy 
of acute myeloid leukemia (AML). Severe infec
tions, which occur in 40-80% of patients [1-3], 
represent a significant cause of morbidity, mor
tality, and resource utilization. Sepsis and pneu
monia are the most common causes of early 
death following induction therapy, accounting 
for fatality rates of about 10-40% [4, 5]. The 
mortality from life-threatening infections is the 
highest among elderly patients [6-8] or in 
patients with recurrent or refractory leukemias 
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[9,10]. Because the longer the duration of neu
tropenia, the greater the risk of infections [11, 

12], faster hematologieal recovery following 
induction therapy may decrease the risk of 
severe infections and improve the overall out
come of the therapy. Furthermore, amelioration 
of infectious complications may also decrease 
other causes of death due to toxicity, such as 
bleeding, multi-organ failure, and adult repira
tory distress syndrome. 

Sargramostim, a yeast-derived granulocyte
colony stimulating factor (GM-CSF), was shown 
to accelerate hematological recovery after bone 
marrow transplantation [13, 14] and dose-inten
sive chemotherapy for solid tumors [15,16]. The 
effect of hematopoietie growth factors on hema
tologieal recovery following induction therapy 
for AML has only recently been evaluated. The 
main reason behind the delay in conducting 
dinieal trials in AML was the concern of the 
potential for cytokine stimulation of acute 
leukemia. Nevertheless, small phase 1-11 studies, 
mostly conducted in high-risk AML patients, 
have suggested that cytokines administered 
after completion of chemoilierapy do not 
adversely affect the response to induction thera
py. To evaluate the safety and hematologie effect 
of GM-CSF in AML, the Eastern Cooperative 
Oncology Group (ECOG) was the first to con
duct a placebo-controlled, double-blind study in 
adult patients over the age of 55 with de novo 
AML. The overall results of this study are pre
sented elsewhere (Rowe et al, Blood, in press). 
This report focuses on the effect of GM-CSF on 
infectous complications and mortality from 
infections in this patient population. 

Material and Methods 

Patients. The study was conducted in 25 ECOG 
participating centers. Eligibility criteria for 
entry in the study induded: 1) morphologie 
proof of AML (FAB type Mo-M7); 2) age greater 
than 55 but not exceeding 70 years; 3) adequate 
renal, hepatic, and cardiac function; 4) no previ
ous cytotoxie or radiation therapy; 5) no prior 
myelodysplasia; and 6) all patients were 
required to give informed consent prior to regis
tration. 

Chemotherapy regimens. Induction therapy consist
ed of daunorubicin given intravenously at 60 
mg/m'/day, days 1 to 3 and cytarabine given 

intravenouslyat 25 mg/rn' by push on day 1 fol
lowed by continuous infusion of 100 mg/m'/day, 
days 1 to 7. If ilie bone marrow on day 10 was 
not severely hypoplastie and revealed 5% or 
more residual leukemic cells, another identical 
course of induction chemotherapy was given. 
Patients achieving a complete remission after 
one or two courses of induction therapy were to 
receive a course of consolidation chemotherapy 
consisting of cytarabine, 1.5 g/m' by one-hour 
intravenous infusion every 12 ho urs for a total of 
12 doses. Patients failing to achieve a complete 
remission after two courses of induction 
chemotherapy were removed from the study but 
were followed for survival. 

Studydrug. Patients were registered and random
ized to the GM-CSF (Leukine®, Immunex Cor
poration, Seattle, W A) or placebo arm prior to 
the initiation of induction chemotherapy. The 
same study drug given after induction chemo
therapy was also given after consolidation thera
py. Study drug was started on day 11 of the first 
cyde of chemotherapy if the day 10 bone mar
row was aplastie without residual leukemia. 
Otherwise, the study drug was withheld and 
started 3-4 days after completing the second 
course of induction chemotherapy if the bone 
marrow at that time was free of residual 
leukemia. For eligible patients, study drug was 
also started on day 11 of consolidation therapy. 
Study drug was given daily by 4-hour infusion 
until the absolute neutrophil count was 
> 1,500/J.tL for three consecutive days or for a 
maximum of 42 days. Study drug was to be 
immediately discontinued in the presence of 
leukemie regrowth. The daily dose of GM-CSF 
was 250 J.tg/m' and the placebo product was 
delivered in an equal volume of identieally
appearing solution. 

Supportive care. A central venous catheter was 
placed for all patients. All patients with neu
tropenia received empirie broad spectrum 
antibiotics for fever > 38°C after appropriate 
cultures and radiographie studies were 
obtained. Selection of antibioties was based on 
individual institutions policies, but usually con
sisted of an aminoglycoside and a cephalospo
rine or semisynthetie penieillin. Vancomycin 
was added to patients with methicillin-resistant 
Staphylococcus Epidermidis. Patients with 
documented fungal infections or with persistant 
unexplained fever received intravenous 

179 



amphotericin B at a dose of 0.5-1.0 mg/kg/day. 
Patients with history of Herpex Simplex infec
tion or who were sero-positive for Herpes 
Simplex were to be given Acydovir prophylaxis 
(250 mg/m2 IV TID) for 14 days. 

Parameters evaluated. Complete remission was 
defined as a normocellular marrow containing 
less than 5% blasts and peripheral blood counts 
demonstrating no circulating blasts, neutrophils 
of greater than 1,500/J.,lL, and platelets of greater 
than 100,000/J.,lL. In order to obtain a uniform 
start-up time for evaluation of hematological 
recovery, this latter was measured from day 11 of 
the last cyde of induction therapy to the day of 
recovery. Treatment toxicity was graded by the 
NCI Common Toxicity Criteria. Using this scale, 
a grade 3 infection was characterized as a severe 
infection requiring intravenous antibiotics or 
antifungal therapy and a grade 4 infection was 
characterized as a life-threatening or dissemi
nated multi-organ infection. 

Statistical analysis. The sampie size for the study 
was calculated to provide an 80% power to 
detect a 7-9 day reduction in the median dura
tion of neutropenia. Univariate differences 
between dichotomous variables (infection rates, 
toxicity rates, deaths) were evaluated with 
Fisher's Exact Test. Survival curves were esti
mated by the method of Kaplan and Meier and 
comparisons between treatment made with the 
log-rank test. Survival was measured from day 1 

of randomization and data were last updated in 

Table 1. Characteristics of the 117 eligible patients 

Characteristics Level 

Age 56-65 
66-70 

ECOG Performance status 0-1 
>1 

Bone marrow blasts ,;;;80% 
>80% 

Circulating WBC ,;;; 50,000/mm3 
> 50,000/mm' 

Circulating platelets ,;;; 50,000/mm' 
> 50,000/mm' 

F AB Classification 1-2 
3 
4-5 

Other 
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March 1995. Hematologic recovery times were 
compared with a standard stratified log-rank 
test where cases who died without recovery are 
censored. Analyses were computed using SAS, 
version 6.08 (SAS Institute, Gary , NC). 

Results 

Patient characteristics and drug assignment. Between 
September 1990 and November 1992, 124 
patients were randomized into the study, 62 in 
each treatment arm. Seven patients were ineligi
ble or non-evaluable after randomization for the 
following reasons: prior chemotherapy (one 
patient), no follow-up (two patients), and 
unconfirmed diagnosis (four patients). The 
median age of the study population was 64 
years. The characteristics at presentation of the 
117 evaluable patients were not significantly dif
ferent between the two groups (Table 1). Of the 
117 eligible patients, 18 did not receive study 
drug because of early death (14 patients), failure 
to achieve aplasia (3 patients), and treating 
physician's decision (1 patient). Thus 99 patients 
received study drug during induction. Thirteen 
of the 62 patients achieving a complete remis
sion did not receive consolidation therapy, eight 
for medical reasons, four because of no follow
up, and one patient refusal. Two of the 49 
patients receiving consolidation therapy were 
not given study drug (one death and one med
ical exdusion). Thus, 47 patients received study 

GM-CSF Placebo 
n=60 n=57 Total (%) 

40 44 84(72) 
20 13 33(18) 

49 46 95(81) 
11 11 22(19) 

42 41 83(71) 
18 16 34(29) 

33 25 58(50) 
27 32 59(50) 
22 21 43(370 
38 36 74(63) 

34 35 69(59) 
2 4 6( 5) 

16 14 30(25) 
8 4 12(10) 



drug for both the induction phase and the con
solidation phase of the therapy. 

Response rates and treatment outcome. Overall, 62 
patients (53%) achieved a complete remission, 
with a trend toward a higher response rate in the 
GM-CSF group (60% versus 46%). With a medi
an foHow-up of 18 months, the median survival 
for subjects given GM-CSF was 54 weeks com
pared to 38 weeks for subjects given placebo. 
Subjects given GM-CSF had a lower mortality 
rate in the first six months from entry onto 
study (9 of 52 given GM-CSF versus 20 of 47 
given placebo, p = 0.008). 

Hematologic recovery. GM-CSF resulted in faster 
hematologic recovery after induction therapy. A 
second course of induction therapy was 
required in 30% of patients and the hematologic 
recovery was longer in patients receiving two 
cycles of chemotherapy. Therefore, in aH assess
ments of recovery of hematologic parameters, 
the data were stratified to take into account the 
number of cycles of induction therapy given. 
The median time for neutrophil recovery to 
500/mm3 and 1,000/mm3 was reduced by an 
average of 4 and 7 days, respectively, in the GM
CSF group (p,,;; 0.004 for both comparisons). 
The improved neutrophil recovery with GM -CSF 
remains atistically significant if patients given 
one or two courses of induction therapy are ana
lyzed separately. There was no significant differ
ence in recovery tim es to self-sustained platelets 
greater than 20,000/mm3 and to red blood ceH 
transfusion independence. Following consolida-

tion therapy, there was no significant differences 
in times to neutrophils, platelets, and red blood 
ceH recovery. 

Infection data (Table 2). Infections were assessed for 
the 99 subjects who received study drug from 
day 1 of chemotherapy through consolidation. 
The rate of grade 3-5 infections was similar in 
both treatment groups prior to the onset of 
study drug (31.6%). On the other hand, the inci
den ce of grade 4-5 infections during induction 
therapy was significantly lower in the GM-CSF 
group, (9.6% versus 36.2%, p = 0.002). Overall, 
there were fewer grade 3-5 infections (51.9% ver
sus 74.5%) and fatal infections (5.8% versus 
17.0%) in the group given GM-CSF. Also, there 
were significantly fewer deaths from infection 
on study or within 30 days of completing study 
in the GM-CSF group (3/52 = 5.8% versus 
11/47 = 23·4%, P = 0.019). 

Systemic fungal infections and fatal fungal 
infections occured less frequently during induc
tion therapy in patients given GM-CSF (Table 2). 
Eight patients given GM-CSF developed a grade 
3-4 fungal infection, one of whom died of this 
infection. In contrast, 12 patients on placebo 
developed a grade 3-4 fungal infection, nine of 
whom died from their infection (p = 0.02). Also, 
there was an additional case of fatal disseminat
ed apergillosis in the placebo group during con
solidation therapy. The incidence of infectious 
pneumonias during induction therapy was simi
lar in both groups. Fatal pneumonias, however, 
occurred less frequently in the GM-CSF group. 
Fourteen subjects given GM-CSF developed 

Table 2. Rate of serious infections following induction therapy in subjects given study drug 

GM-CSF(n = 52) Placebo (n = 47) 

# patients Incidence # patients Incidence p* 

Grade 3/4/5 infections 27/52 51.9 % 35/47 74.5% 0.024 
Grade 4/5 infections 5/52 9.6% 17/47 36.2 % 0.002 
Fatal infections while on study 3/52 5.8 % 8/47 17·0 % 0.110 
Fatal infections during and 

within 30 days of completing study 3/52 5·8 % 11/47 23.4% 0.019 
Death from pneumonias in subjects 

with pneumonia 2/14 14·3 % 7/13 53.8 % 0.046 
Death from fungal infections for all 

subjects given study drug 1/52 1.9 % 9/47 19·1 % 0.006 
Fatal fungal infections in subjects 

with grade 3-4 fungal infection 1/8 12.5% 9/12 75 % 0.02 

*Fisher's Exact Test 
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pneumonia, two of whom died from this compli
cation. By contrast, seven of the 13 subjects given 
placebo died from their pneumonia (p = 0.046). 

Evaluation of study drug toxicity. Table 3 reports the 
frequency of adverse events (NCI grade 3-4) 
occurring during induction therapy in at least 
5% of patients given study drug. During consoli
dation therapy, one patient given GM-CSF expe
rienced dyspnea and bronchospasm requiring 
study drug discontinuation. There were statisti
cally fewer hepatic, neurological, and hemor
rhagic complications in the GM-CSF group. 
Otherwise, the incidence of clinical and labora
tory adverse events were comparable in both 
groups. Similarly, the incidence of adverse 
events was similar in both treatment groups 
during consolidation therapy. 

Discussion 

In remission induction therapy of AML, it is 
necessary to ablate the leukemic cells in the 
bone marrow to permit regrowth of normal 
cells. During this period of aplasia lasting sever
al weeks, deaths from infection, bleeding, and 
other complications usually exceeds 10-20%. 
The management of older patients with AML 
represents a particular challenge because of the 
higher risk for infection and other complica
tions [8]. Since over half of the patients with 
AML are over the age of 60, progress in support
ive care therapy is clearly needed. 

Table 3. Number (%) of grade 3-4* adverse events 
during induetion therapy 

GM-CSF Placebo 
Event (n = 52) (n = 47) p** 

Pulmonary 8 (15) 13 (28) 
Hepatic 6 (12) 20 (43) 0.0006 
Metabolie 6 (12) 9 (19) 
Neurologie 5 (10) 15 (32) 0.01l 
Cutaneous 5 (10) 8 (17) 
Cardiae 4 (8) 9 (19) 
Nausea 3 (6) 1(2) 
Psychiatrie 1 (2) 4 (9) 
Genito-urinary 1 (2) 4 (9) 
Hemorrhage 0 4 (9) 0.047 
Stomatitis 1(2) 3 (6) 
Diarrhea 0 3 (6) 

*NCI eommon toxicity seale 
**Fisher's Exaet Test (all others comparisons p >0.05) 

This randomized study objectively demon
strated that yeast-derived GM-CSF improves the 
hematologic recovery and decreases the risk of 
life-threatening and fatal infections in older 
patients with AML undergoing standard induc
tion therapy. Except for the age distribution, the 
characteristics of patients included in this study 
are similar to most AML reports [1-7]. In this 
study, GM-CSF accelerated neutrophil recovery 
over 500/IlL and 1,000/IlL following induction 
therapy by an average of four and seven days, 
respectively. Similar to bone marrow transplant 
data [14], GM-CSF did not abolish the period of 
aplasia but resulted in faster neutrophil recovery 
once normal hematopoiesis began. The lack of 
statistieally significant effect on neutrophil 
recovery following consolidation therapy may 
be due to the small study sampie size during this 
phase (n = 47 patients). 

Patients receiving GM-CSF experienced fewer 
grade 3/4/5 severe, life-threatening, and fatal 
infections, fewer systemie fungal infections, and 
fewer fatal pneumonias than patients given 
placebo. Lower rate of life-threatening and fatal 
infections is probably due to faster neutrophil 
recovery, since the overall incidence of all infec
tions was comparable in both group. Another 
possible explanation to this finding is increased 
anti-microbial activity of neutrophils and 
macrophages by GM-CSF, an effect previously 
reported in vitro [17, 18]. The reduction in fatal 
infections resulted in an overall improved sur
vival at six months, although this benefit was 
not maintained with longer follow-up. 

Yeast-derived GM-CSF was weIl tolerated and 
did not result in more side effects than placebo. 
On the other hand, more patients given placebo 
experienced hepatic, neurologie, and bleeding 
complications. Although there were apriori 
concerns that GM-CSF may protect leukemic 
cells from the antitumor effect of the cytoreduc
tive therapy, this study clearly demonstrated 
that GM-CSF can be safely used following induc
tion therapy, once aplasia had been document
ed. In fact, failure to eradicate leukemia was 
noted in equal number of patients in both 
groups and the number of relapses after achiev
ing a complete remission was similar in both 
groups (data not presented). 

This is the first randomized trial that clearly 
demonstrates the benefit of GM-CSF during 
induction therapy of older patients with AML. 
In 1991, Büchner et al [19] reported a phase 2 
study of Sargramostim in 19 older patients with 



newly diagnosed AML and 11 patients in relapse. 
GM-CSF (250 Ilg/m'/day) was given four days 
after the end of the chemotherapy if the bone 
marrow was aplastic and with less than 5% 
blasts. Compared to matched historical controls, 
GM-CSF significantly accelerated neutrophil 
recovery, reduced the risk of early death, and 
improved complete remission rates. GM-CSF 
was weIl tolerated and did not increase the inci
den ce of resistant leukemia. 

Preliminary results of four large controlled 
trials of myeloid growth factors in AML patients 
have recently been reported [20-23]. Differences 
in the specific growth factor given (yeast
derived GM-CSF, E Coli-derived GM-CSF, G
CSF), dose and schedule, chemotherapeutic 
agents used, and study design prevent meaning
ful comparisons with our study. A significant 
difference among these trials is the timing of the 
onset of growth factor use, i.e., before, during, 
and after chemotherapy administration versus 
after aplasia has been documented. 

In conclusion, yeast-derived GM-CSF is effec
tive and weIl tolerated when used after achieving 
aplasia with standard induction therapy in older 
patients with do novo AML. Sargramostim sig
nificantly accelerates neutrophil recovery and 
decreases the incidence of severe and fatal infec
tions. Its role in patients with recurrent AML or 
in patients under the age of 55 warrants further 
investigations. 
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Introduction 

Despite recent advances in the genetics, biology, 
and diagnosis of acute myelogenous leukemias 
(AML) and myelodysplastic syndromes (MDS), 
clinical management of patients with both disor
ders still remains unsatisfactory. After start of 
treatment, the majority of patients temporarily 
achieve complete remission. However, between 
10% and 20% of patients die during induction 
therapy, and 70% of patients who achieve com
plete remission eventually relapse. The inci
dence of long-term survivors in AML is about 
20% for all patients and less than 5% after 
relapse (Champlin 1987). 

A major intention of current clinical studies 
is to translate the progress in basic research, 
new drug development and pharmacology from 
bench to bedside. Clinical strategies including 
risk group adapted chemotherapy in AML, use 
of pharmacokinetically guided drug application 
schedules or application of hematopoietic 
growth factors in order to increase the cytotoxic 
efficacy of conventional antineoplastic drugs 
should be introduced into newly designed pro
tocols for treatment of hematological neo
plasias. New classes of compounds, like all-trans 
retinoic acid or purine analogs have enhanced 
the spectrum of single agent and combination 
chemotherapy approach es. High dose chemo
therapy with peripheral blood progenitor cells 
has allowed for increased dose intensity in treat
ment of various disorders. 

Treatment options for 
myelogenous leukemia 

patients with acute 
have considerably 

improved within the last three decades. In gen
eral, the therapeutic concept includes remission 
induction chemotherapy and a variety of post 
remission treatment strategies of consolidation, 
maintenance and intensification. 

Induction of remission in AML is mainly 
achieved by administration of cytarabine and an 
anthracycline. In classical approaches, conven
tional doses oE cytarabine (70 to 100 mglm'/d) 
were combined with daunorubicin. Modifications 
of the cytarabine dose led to concepts of interme
diate dose (500 mg/m'/d) or high dose (1000 
mg/m'/d) ara-C treatment. A number of new 
approaches have used novel agents such as 
amsacrine, mitoxantrone or newer anthracyclines 
with cytarabine in different doses and schedules. 

The outcome of remission induction therapy 
at M.D. Anderson Cancer Center over aperiod 
from 1975 to 1993 is summarized in Table 1. 

A total of 1244 patients were treated, 751 
(60%) obtained a complete remission, while 324 
patients (26%) died within the course of the first 
therapeutic regimen. A considerable portion 
(169 patients, 13%) of patients showed primary 
resistance to chemotherapy. 

Analysis of treatment outcome for separate 
time periods did not reveal significant improve
ments with regard to induction chemotherapy 
within the last two decades. Overall, a stable CR 
rate of about 60% has been achieved since 1975. 

These data include all patients diagnosed 
with acute myelogenous leukemia at M.D. 
Anderson Cancer Center between 1975 and 1993, 
irrespective of age, performance index or other 
exclusion criteria for chemotherapy. Higher 
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Table 1. Outcome of remission induction therapy in AML 

eR Died Resistant 
Total 

Patient group n n % n % n % 

Total 1244 751 60% 321 26% 169 13% 
Patients according to month of treatment 

1/75-11/82 141 240 58% 116 28% 58 14% 
12/82-11/88 415 253 61% 100 24% 62 15% 
11/88-5/93 415 257 62% 112 27% 46 11% 

Patients according to eligibility status 1, 2 
eligible 694 521 75% 104% 15% 69 10% 
ineligible 550 226 41% 220 40% 104 19% 

'eligibility for treatment studies as defined by the following criteria: patients of any age, with
out prior malignancies or myelodysplastic syndromes, without prior chemotherapy or radio
therapy, performance status (Zubrod) < 3, serum bilirubin< 2 mgldl and serum creatinine < 2 
mgldl 
'difference in treatment outcome (eligible vs. ineligible patients) statistically significant 
(p < 0.0001) 

response rates after induction therapy with 
complete remission in 70% to 90% of patients 
have been reported for various experimental 
treatment protocols, however, definition of 
patient eligibility criteria (Table 1) frequently led 
to exclusion of high risk patients. If patients eli
gible for treatment studies of AML were 
analysed separately, superior response rates 
were demonstrated. Comparison of eligible and 
ineligible patients revealed significant differ
ences (p < 0.0001) with regard to CR rate after 
induction therapy (75% vs. 42%) and long-term 
survival (20% vs. 7'1'0). 

These results emphasize the risk of patient 
selection for clinical studies and underline the 
bias due to definition of patient eligibility criteria. 

Definition of Risk Groups for AML 

The data as given above demonstrate only 
minor improvements with regard to remission 
rate and overall survival of patients with AML. 
However, further biological analysis of the 
malignant clones in acute myelogenous 
leukemias and myelodysplastic syndromes 
showed that the karyotype of malignant cells is 
strongly correlated with response and remission 
duration in previously untreated patients with 
AML (Keating 1987, Larson 1983). 

Patients with low risk and higher probability 
of survival are characterized by specific cytoge
netic categories like t(8;21), t(15;17), inV16 or 
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diploidy. High risk situations are defined by tri
somy 8, deletion of chromosome 5 or chromo
some 7 as weIl as by antecedent hematological 
disorders (myelodysplastic or myeloprolifera
tive syndromes). 

The predictive value of AML risk groups was 
assessed in a historical control population of 
807 patients treated between 1980 and 1990. In 
the low risk group, 583 patients were treated, 
67'1'0 achieved complete remission after induc
tion therapy, 21% died and 12% were primarily 
resistant. The high risk group consisted of 224 
patients, 38% achieved complete remission, 38% 
died during the first course of chemotherapy 
and 24% were not responsive. Long-term sur
vival was significantly different (p < 0.0001), 
observed in the low risk and high risk groups in 
18% and 4% ofthe patients, respectively. 

In conclusion, determination of cytogenetic 
abnormalities allows for definition of patient 
groups with "favorable" and "unfavorable" 
pro gnosis. The treatment protocols chosen 
witlIin the last two decades seem to be of minor 
influence with regard to clinical outcome, and 
the lack of improvement in overall CR rate or 
survival illustrates the need for introduction of 
newagents into current or novel protocols. 

In view of the data given above, at M.D. 
Anderson Cancer Center a concept for risk 
group adapted chemotherapy in AML and MDS 
was developed in 1990 (Table 2). 

Idarubicin (4-demethoxy-daunorubicine) is a 
novel anthracycline which is characterized by 



Table 2. Risk group adapted chemotherapy in AML 
and MDS (1990) 

Low risk group: Idarubicin + high dose cytarabine 

Idarubicin 12 mg/m'/day, for 3 days, 30 minutes 
infusion once daily 

Cytarabine 1.5 g/m'/day, continuous infusion 
(3 days if age > 60 years) 

High risk group: Fludarabine+intermediate 
dose cytarabine 

Fludarabine 30 mg/m'/day, for 5 days, once daily 

Cytarabine 0.5 glm'/h, for 6 days, 2 to 6 ho urs daily 
Treatment of AML with Idarubicin and Cytarabine 

lipophilic behavior, high oral bioavailability and 
penetration of the CNS through the blood-hrain 
barrier. As compared to daunorubicin, idaru
bicin demonstrated superior effects in various 
preclinical and clinical studies in AML and 
MDS. In randomized comparative trials, idaru
bicin showed a higher rate of complete remis
sions than daunorubicin, with more patients 
achieving CR after a single course of treatment 
(Berman 1991, Wiernik 1991). Idarubicinol, the 
main metaholite of idarubicin, has significant 
antileukemic activity, resulting in prolonged 
antileukemic efficacy of the drug after single 
application. Due to its high lipophility, idaru
bicin and idarubicinol show strong DNA-bind
ing and intranuclear concentration (Plumbridge 

1978, Capranico 1987). As compared to all other 
anthracyclines, idaruhicin is less susceptihle to 
P-glycoprotein-mediated drug transport (multi
drug resistance) due to reduced cytoplasmic 
concentration of the drug (Berman 1992, Müller 
1992, Gieseler 1994). Furthermore, idarubicin is 
weIl tolerated, resulting in a reduced need for 
intensive supportive care. 

These data suggest idarubicin as the anthra
cycline of choice for combination regimens with 
cytarabine. At M.D. Anderson Cancer Center, a 
combination of idarubicin, 12 mg/m2/day x 3 
(Table 2) was used as induction chemotherapy 
in low risk patients with AML. Results are 
detailed in Table 3. 

Overall, 50 patients were treated with idaru
bicin and cytarabine. No eligibility criteria were 
applied, however, patients older than 59 years of 
age received ara-C for three days only. Thirty
eight patients (76%) achieved complete remis
sion and 3 patients (6%) died after the first 
course of therapy. In seven patients a second 
course of treatment was applied, another 6 
patients (12%) achieved CR. Three patients (6%) 
were completely resistant. These data demon
strate, that a combination of idarubicin and 
high dose cytarabine is effective to induce 
remission rapidly and with a high rate of eR in 
low risk patients with newly diagnosed AML. 
Analysis of different patient subgroups revealed 
that eIder patients (> 60 years) tolerated 

Table 3. Idarubicin + high dose cytarabine in AML 

CR Died Resistant 
Total 

Patient group n n % n % n % 

Total 50 44 88% 3 6% 6% 
Number of courses 

one course 43 38 88% 3 7')10 2 5% 
two courses 7 6 86% 0% 14% 
Patients age 

<50 years 24 20 83% 3 13% 4% 
50-59 years 7 7 100% 0% 0% 
60-82 years 19 17 89% 0% 2 11% 

Karyotype 

inv16 13 13 100% 0% 0% 
diploid 20 17 85% 2 10% 5% 
AHD2 17 14 82% 6% 2 12% 

'43 patients underwent one course of induction therapy, in 7 patients a second course was 
applied. 38 patients achieved CR after the first course, 6 patients after the second course of 
treatment 
'AHD antecedent hematological dis orders (myeloproliferative or myelodysplastic) 
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treatment weIl. Prognosis in patients with 
antecedent hematological disorders (high risk 
group) was worse than in patients with kary
otypic abnormalities indicating low risk, e.g. 
invl6. 

Postremission schedules are still an impor
tant issue in treatment of leukemias and lym
phomas. Until september 1991, at M.D. 
Anderson Cancer Center patients achieving 
complete remission upon induction treatment 
for AML with idarubicin and high-dose cytara
bine (protocol "3+4": idarubicin 12 mg/m2/d x 
3+cytarabine 1.5 g/m2/d x 4) were treated with 
the same protocol for two additional courses. 
Analysis of efficacy and tolerability of this regi
men revealed high toxicity and made a change 
in postremission chemotherapy necessary. Since 
september 1991, treatment of all patients was 
continued by application of one course of low
dose cytarabine, 100 mg/m2/d for five days. If 
complete remission persisted, combined chemo
therapy with idarubicin and high-dose ara-C 
was continued for two additional courses, how
ever, dose levels of each individual course were 
reduced (treatment protocol "2+2": idarubicin 
12 mg/m'/d x 2 +cytarabine 1.5 g/m2 / d x 2). 
Overall, the median duration of remission in 
patients with AML after idarubicin and high 
dose cytarabine treatment was 18 months in 
patients 16 to 60 years of age. EIder patients 
showed a shorter median disease-free survival of 
9 to 10 months. 

Myelodysplastic Syndromes 

Myelodysplastic syndromes (MDS) are clonal 
bone marrow dis orders, characterized by in
effective hematopoiesis, peripheral blood cyto
penias involving at least two hematopoietic ceH 
lineages, and an increased risk of transforma
tion to acute myeloid leukemia. In patients with 
these disorders, conventional chemotherapy 
usuaHy yields results inferior to patients with 
de novo AML (List 1990). Prognosis is particu
lady poor in patients with more than 5% bone 
marrow blasts, whose median survival varies 
between 3 and 18 months (AuI1992). 

Therefore, classical treatment of myelodys
plastic syndromes consisted mainly of red blood 
ceH and platelet substitution, inadvertently 
resulting in iron ovedoad and immunological 
rejection of donor platelets. However, recent 
data based on the availability of hematopoietic 
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growth factors and the development of novel 
cytotoxic agents have stimulated new interest in 
potentially efficacious treatment modalities. In 
aggressively treated MDS patients, complete 
bone marrow remissions were achieved in up to 
80% of cases (Michels 1989). Further studies on 
possible treatment strategies in myelodysplastic 
syndromes are necessary. 

Treatment of MDS with Idarubicin 
and Cytarabine 

A similar approach of combined chemotherapy 
with idarubicin and cytarabine (protocol "3+4": 
idarubicin 12 mg/m2/d x 3+cytarabine 1.5 g/m2 / 

d x 4) was chosen for patients with newly diag
nosed myelodysplastic syndromes. Prognostic 
groups were defined according to the criteria as 
given above. A total of 15 patients were treated. 
In 13 low risk patients, application of idarubicin 
and high-dose cytarabine led to a complete 
remission rate of 92% (12/13 patients), one 
patient died during induction chemotherapy. 
Two patients fulfiHed high risk criteria, both 
patients were primarily chemoresistant. 

FLAG Protocol in MDS 

In view of the high toxicity and disappointing 
efficacy of the combination of fludarabine and 
intermediate dose cytarabine (FLA protocol), 
especiaHy in high risk situations, additional 
application of G-CSF was started in 89 patients 
with MDS (FLAG protocol). A complete remis
sion rate of 64% (57 out of 89 patients) was 
achieved, 11 patients were primarily resistant to 
the PLAG regimen. 

Treatment of AML with Fludarabine 
and Cytarabine 

Fludarabine (9-ß-D-arabinofuranosyl-2-fluoro
adenine monophosphate) is a fluorinated analog 
of ara-adenine that is relatively resistant to 
adenosine deaminase (Lee 1960). Clinical appli
cation initially concentrated on treatment oflow 
grade Non-Hodgkin's lymphoma and chronic 
lymphoproliferative dis orders, e.g., chronic lym
phocytic leukemia and hairy ceH leukemia 
(Keating 1993). Previous in vitro studies demon-



strated, that leukemia cells loade with 
arabinosyl-2-fluoroadenine 5' -triphosphate (F
ara-ATP) accumulated arabinosylcytosine 5'
triphosphate (ara-CTP) at a significantly higher 
range compared to control cells. These data 
strongly suggested, that a protocol designed to 
administer fludarabine prior to cytarabine infu
sion would augment ara-CTP accumulation by 
leukemic cells (Gandhi 1989, 1993). Conse
quently, various protocols were designed to 
evaluate the efficacy of fludarabine, alone and in 
combination with cytarabine and other agents 
in patients with acute myelogenous leukemia. 

FLA Protocol in AML 

Combined treatment with fludarabine, 30 
mg/m'/day given once daily for 5 doses, and 
intermediate dose cytarabine, 0.5 g/m'/h for 2 to 
6 hours daily for 6 doses (FLA protocol), was 
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administered to 54 patients with acute myeloge
nous leukemia. Doses of fludarabine preceded 
those of ara-C by 4 hours. The CR rate was 52% 
(28/54 patients), however, 21 patients (39%) died 
during induction chemotherapy. Primary resis
tance was observed in 5 patients (9%). Median 
survival was short with 4 months in the high risk 
and 13 months in the low risk group, the differ
ence being statistically significant. Long-term 
survival was achieved in only 14% (4/30) of 
patients in the high risk group (Figure 1). 

FLAG Protocol in AML 

A combination of fludarabine and ARAC with or 
without granulocyte colony-stimulating factor 
(G-CSF) was studied in 132 patients (FLAG 
protocol) (Table 4). 

In subjects treated with fludarabine+ ARAC 
alone, an overall complete remission rate of 52% 

-- low ri,/c: n -24, decea,ed - 13 

- - - ) high rislc: n - 30, d8c80 ... d-26 
p ( 0.05 

120 Time (week.) 

Fig. 1. Overall survival in AML high risk and low risk patients after treatment with fludarabine and intermediate 
dose cytarabine /(FLA regimen) 

Table 4. Outcome of Fludarabine+ ARAC ± G-CSF in treatment of AML 

Overall Low risk group High risk group 

Treatment group CR/Total % CR/Total % CR/Total % 

Fludarabine+ ARAC 28/54 52% 16124 67% 12130 40% 
Fludarabine+ ARAC+ 50/78 64% 27/35 77% 23/43 54% 

G-CSF 
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was achieved. The addition of G-CSF led to a 
significant increase in cytotoxicity: in patients 
treated with a combination of fludarabine and 
G-CSF a CR rate of 64% was achieved. 

The increase in cytotoxic activity by addition 
of G-CSF was obvious in both low risk (CR rate 
67% vs. 77%) and high risk patients (40 % vs. 
54 %), respectively. No increase in toxicity was 
observed in the G-CSF combination regimen. 

As compared to the FLA regimen, an 
increased median survival time and overall sur
vival rate was achieved. After a median follow 
up of 1 year, a significant difference in survival 
was observed between high risk and low risk 
patients (Figure 2). 

Survivo/ (%) 

Treatment of AML with Fludarabine, 
eytarabine and Idarubicin 

Comparative evaluation of various protocols 
applied in treatment of patients with acute 
myelogenous leukemia between 1991 and 1993 is 
given in Table 5. 

A lower complete remission rate and higher 
toxicity is obvious in patients treated according 
to the FLA and FLAG protocols. Furthermore, in 
both groups a considerable number of patients 
with primarily resistant leukemias is obvious. 
Most patients were high risk. 

Toxicity analysis of fludarabine containing 
regimens shows a substantial rate of infectious 
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Fig. 2. Overall survival in AML high risk and low risk patients after treatment with fludarabine, intermediate 
dose cytarabine and G-CSF (FLAG regimen) 

Table 5. Comparative evaluation of treatment results in AML by regimen, 
1991-1993 

CR 
Total 

Regimen n n 

Idarubicin 
hd cytarabine 62 53 

Fludarabine 
id cytarabine (FLA) 54 28 

Fludarabine 
id ara-C+G-CSF (FLAG)% 89 57 

hd high dose, id intermediate dose 

192 

Died 

% n 
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52% 21 

64% 21 

% 

10% 

39% 

24% 

Resistant 

n % 

+ 
3 5% 
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9% 
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11 12% 



complications. As the median count of T -helper 
ceIls is decreased to about 200/111 after fludara
bine treatment, opportunistic infections due to 
cytomegalovirus, pneumocystis carinii or herpes 
zoster virus have been seen in few cases. 
However, the rate of life-threatening infectious 
complications in patients treated with fludara
bine was not significantly increased. This may 
be due to the low doses of fludarabine used, as 
the drug was applied as a modulator of ara-CTP 
pharmacokinetics and not at doses required for 
cytotoxic efficacy. 

Therefore, a new concept for risk group 
adapted chemotherapy was developed in 1993, 
based on additional treatment with hematopoi
etic growth factors in low risk and addition of an 
anthracycline to the PLAG protocol in high risk 
AML patients. The novel regimens are given in 
Table 6, detailing therapy with idarubicin, 
cytarabine and G-CSF in the low risk group and 
with PLAG + idarubicin in high risk patients. 

Table 6. Risk group adapted chemotherapy in AML 
and MDS (1993) 

Low risk group: Idarubiein + high dose eytarabine + 
G-CSF 
Idarubicin 12 mg/m'/day, days 1-3, 30 minutes 

infusion onee daily 
Cytarabine 1.5 g/m'/day, days 1-4, eontinuous infusion 

(3 days if age > 60 years) 
G-CSF 400 /Jglm', days-1 to eomplete remission 

High risk group: Fludarabine+intermediate 
dose eytarabine + idarubicin + G-CSF 

Fludarabine 30 mg/m'/day, days 1-4, onee daily 
Cytarabine 2 g/m'/day, days 1-4, over 4 ho urs daily, 

4 ho urs after fiudarabine 
Idarubicin 12 mg/m'/day, days 2-4, 30 minutes 

infusion onee daily 
G-CSF 400 /Jg/m', days-1 to eomplete remission 

Between 1993 and 1994, 14 high risk patients 
have been treated with FLAG+idarubicin. A 
preliminary evaluation and comparison of the 
outcome ofFLA, FLAG and FLAG+idarubicin in 
acute myelogenous leukemia is given in Table 7. 

The high complete remission rate (79%) after 
treatment with FLAG+idarubicin should be 
noted. Moreover, so far no patient was primarily 
resistant to the regimen. Three patients (21%) 
died during induction chemotherapy. However, 
a higher number of patients should be included 
for final evaluation of cytotoxic efficacy and 
long-term results of this regimen. 

Conclusions 

As current standard protocols for therapy of 
acute myeloid leukemias and myelodysplastic 
syndromes have not resulted in significant 
improvements with regard to patient survival 
within the last two decades, new treatment 
strategies are necessary. Clinical studies involv
ing hematopoietic growth factors, recent phar
macological concepts and new cytotoxic agents 
have been initiated at M.D. Anderson Cancer 
Center. It should be emphasized, that aIl pati
ents with newly diagnosed AML were treated 
according to these protocols, irrespective of 
patient eligibility criteria. However, risk group 
adapted chemotherapy was performed accord
ing to cytogenetic characteristics and history of 
antecedent hematological dis orders. 

In low risk patients, combined chemotlIerapy 
with idarubicin and cytarabine was weIl tolerat
ed and highly effective in remission induction 
and postremission therapy. The addition of 
idarubicin to treatment of AML has resulted in a 
significant difference in long-term survival. In 
high risk patients, modulation of cytarabine 
effects was achieved by pharmacokinetically 

Table 7. Preliminary eomparative evaluation of treatment resuIts in high 
riskAML 

CR Died Resistant 
Total 

Regimen n n % n % n % 

FLA 54 28 52% 21 39% 9% 
FLAG 89 57 64% 21 24% 11 12% 
FLAG+ Idarubicin 14 11 79% 3 21% 0% 

FLA fiudarabine+ intermediate dose eytarabine 
FLAG fiudarabine+intermediate dose eytarabine+G-CSF 
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guided application of fiudarabine. Combined 
treatment with fiudarabine, cytarabine and 
GCSF led to remission rates and overall survival 
similar to current standard protocols. 

A new set of trials for risk group adapted 
chemotherapy has been opened in 1993. In the 
low risk group, G-CSF is applied together with 
idarubicin and cytarabine. High risk patients are 
treated with a combination of fiudarabine, 
cytarabine, idarubicine and G-CSF. Preliminary 
evaluation of 14 patients treated according to 
this protocol revealed a high CR rate and a low 
number of primarily resistant AML cases at tol
erable side effects. 
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S-HAM Salvage Therapy of Relapsed and Refractory AML Followed 
by Interleukin 2 Postremission Therapy 

W. Hiddemann', M. Unterhalt', M. Kemper" E. Schleyer', P. Schönrock-Nabulsi', 1. Uharek\ M. Fromm', 
D. Braumann6, M. Planker', U. Kubicka', J. Karow', S. LangeW, C. Tirier", B. Wörmann', C. Sauerland", 
A. Heinecke", and Th. Büchner' for the German AML Co operative Group . 

Abstract. A preceding study of the German AML 
Co operative Group with an age adjusted ran
domized comparison of high-dose versus inter
mediate-dose Cytosine Arabinoside (AraC) as 
part of the S-HAM protocol indieated a signifi
cantly higher antileukemie activity of AraC at a 
dose of 3.0 vs. 1.0 g/m' per single dose predomi
nantly in patients with early relapse and second 
or subsequent recurrence of disease but also an 
increased rate of early deaths. Based on these 
results the current study aimed at taking advan
tage of the high antineoplastie activity of high 
dose AraC but to reduce the associated infec
tious complications by the posttherapeutic 
applieation of G-CSF. AraC dose was adjusted to 
disease status and age in that patients below 60 
years of age with early relapse and second or 
subsequent recurrence received AraC at a dose 
of 3.0 g/m' while later first relapses and older 
patients were treated with AraC 1.0 g/m2• 

Immediately after the end of S-HAM G-SCF was 
applied at a dose of 5 ug/kg until neutrophil 
recovery. Patients achieving a complete remis
sion underwent randomization for postremis
sion therapy with Interleukin 2 (IL2) 18 x 106 

U/m'/d over 5 days by cont. infusion or observa-

tion only. IL2 therapy was repeated at 4 week 
intervals. At the present time 53 patients have 
been entered into the study and 38 are evaluable 
for response and toxicity. 22 cases (58%) 
obtained a CR, 9 patients (24%) were NR and 7 
cases (18%) died during the first six weeks (early 
deaths). Neutrophil recovery occured at a medi
an of 28 days and was significantly shorter as 
compared to the preceding S-HAM therapy 
without G-CSF support. 8 patients have been 
randomized for IL2 postremission therapy. 
These results indieate a significant improvement 
of remission rate and a reduction of lethai com
plications by G-CSF administration as compared 
to the historie contro1. Further recruitment and 
a longer observation time are needed to sub
stantiate these findings and to assess the impact 
of IL2 on remission duration. 

Introduction 

In spite of substantial improvements in the first 
line therapy of acute myeloid leukemia (AML) 
and increasing rates oflong term remissions, the 
majority of cases still experience a recurrence of 
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their disease to which they ultimately succumb 
[1,2]. Hence, new and more effective anti
leukemic strategies are deeply warranted. These 
should not only aim at developing cytostatic 
regimens with a high antileukemic activity but 
must also improve the safety of such therapies 
currently associated with a considerable mortal
ity mainly from infectious complications. This 
requirement is illustrated by the results of a pre
ceeding study of the German AML Cooperative 
Group in relapsed and refractory AML random
ly comparing Cytosine Arabinoside (AraC) at 
high or intermediate doses on the basis of the 
sequential high-dose Arac-Mitoxantrone proto
col (S-HAM) [3,4]. This trial indicated a higher 
antileukemic efficacy of high dose AraC espe
cially in cases with refractory AML which did 
not translate into an increased remission rate 
due to a concomitant rise of treatment associat
ed early deaths. 

The main challenge of AML therapy, how
ever, still remains the control and final eradica
tion of residual leukemia in remission. Among 
different postremission strategies that have been 
explored prolonged monthly maintenance and 
intensive consolidation have proven beneficial 
[5,6,7]. The most effective treatment in remis
sion remains allogeneic bone marrow transplan
tation (BMT) from a HLA identical sibling 
donor which can be applied, however, to a 
minority of cases, only. Increasing evidence 
strongly suggests that the antileukemic activity 
of allogeneic BMT is mediately in part through 
an activation of cellular defense mechanisms of 
the immune system in way of a "Graft versus 
Leukemia" reaction [8,9]. This effect is obvious
Iy not restricted to transplantation and may be 
augmented by cytokines such as Interleukin 2 

(IL 2), in particular [10, 11, 12, 13]. 

The current protocol of the AMLCG aims at 
investigating both aspects of AML therapy by 
trying to reduce the S-HAM therapy associated 
mortality by the posttherapeutic application of 
Granulocyte-Colony Stimulating Factor (G-CSF) 
but also by investigating the feasibility and 
impact of IL 2 postremission therapy on remis
sion duration and survival. 

Patients, Treatment Protocol and Methods 

Patients: The current study was designated to 
patients above 18 years of age with relapsed or 
refractory AML after first-line therapy according 

to the corresponding trials of the AMLCG. 
Diagnosis was based on the F AB classification 
and complementary cytochemical and immuno
logical criteria. 

Therapy: Therapy comprized the S-HAM reg
imen consisting of AraC on days 1, 2, 8 and 9 
and Mitoxantrone on days 3, 4, 10, and 11, 

respectively [3]. The AraC dose was adjusted to 
disease status and age in that patients below 60 

years of age with early first relapse and second 
or subsequent recurrences were classified as 
refractory AML and received AraC at a dose of 
3.0 g/m2 per single dose while first relapses 
occuring after a preceding complete remission of 
more than 6 months duration were considered 
as non-refractory AML and were treated with 
AraC 1.0 g/m2 per dose. Patients above 60 years 
of age all received AraC at a dose of 1.0 g/m2 per 
application irrespective of disease status. 

Immediately after the end of the S-HAM 
course G-CSF was started in all patients at a 
dose of 5 ug/kg body weight until neutrophil 
recovery to more than 1500/mm3• 

All patients received glucocorticoid eye drops 
during AraC administration for the prophylaxis 
of photophobia and conjunctivitis. Antiemetic 
therapy consisted of ondansetron 8 mg twice 
daily on days 1-4 and 8-11. 

Antileukemic response was judged according 
to CALGB criteria and side effects were evaluat
ed following WHO definitions. The interval 
between the on set of therapy and the post treat
ment achievment of more than 20.000 thrombo
cytes/mm3 and more than 500 granulocytes/mm3 

was defined as time to recovery (TR). 
Patients achieving a complete remission were 

randomized for postremission therapy with IL 2 

18 x 106 IU/m2/d over 5 days by continuous infu
sion to be repeated every 4 weeks until relapse 
or untolerable toxicity or no further mainte
nance therapy. 

Results 

At present, 53 patients of ages 18 to 68 years have 
been entered into the study. According to the 
status of their disease 23 cases were classified as 
refractory AML while the remaining 30 patients 
had non-refractory leukemia (Table 1). 

Thirty-eight patients are currently evaluable 
for response and toxicity. As indicated by 
Table 2 22 patients (58%) achieved a complete 
remission while 9 cases (24%) had persistant 



Table 1 

Patients characteristics 
n53 
age 16-68 years 

primaryNR 

Table 4 

Recovery ofblood 
ceIls 

Time to complete 

S-HAM S-HAM+G-CSF 

28(18-44) 

eady relapse< 6 months 
relapse> 6 < 18 months 
late relapse> 18 months 

18 remission 

Table 2 

Response rate 

randomized patients 
evaluable patients 
CR 
ED 
NR+PR 

53 
38 
22 

7 
9 

15 
15 

(58% ) 
(18%) 
(24%) 

leukemia or obtained a partial remission, only. 
Seven cases (18%) died during the first 42 days 
after the start of therapy and were considered as 
early deaths. 

Non-hematologic toxicity consisted mainly of 
fever and infections, diarrhea, mucositis and 
liver enzyme elevation. Nausea and vomiting 
was also frequently observed but did rarely 
exceed WHO grades 2 and 3 (Table 3). 

The median time of blood cell recovery to 
more than 20.000 thrombocytes/mm3 and 500 

granulocytes/mm3 (TR) was 28 days with a range 
from 18 to 44 days, the median time to complete 
remission was 46 days (28-56 days). Table 4 
depictes the respective values in comparison to 
the preceeding S-HAM trial in which no G-CSF 
was applied in the posttreatment period. 

From the 22 patients achieving a complete 
remission 8 cases have been randomized to IL 2 

Table 3 

Toxicity 

WHO I/II III/IV 

N ausea/vomiting 19 (50% ) 4 (11%) 
Mucositis 15 (39% ) 6 (16%) 
Hepatic 13 (34%) 3 (8% ) 
Diarrhea 16 (42%) 14 (37%) 
Renal 4 (11%) (3% ) 
Skin 3 (8%) 
CNS 2 (5% ) 1 (3%) 
Infection 21 (55%) 17 (45%) 

postremIssIOn therapy or observation, only. 
Because of tlIe early stage of this trial no mean
ingful evaluation can be performed for this part 
of the study at the present time. 

Discussion 

Studies in relapsed and refractory acute 
leukemias are not only undertaken to salvage 
patients from first-line treatment failure but also 
to explore novel strategies including new drug 
combinations and cytokines such as hematopoi
etic growth factors and interleukins. These 
approaches were also followed by the German 
AMLCG and aseries of phase 11 protocols were 
investigated including high-dose AraC based 
regimens and the combination of Etoposide 
with Aclacinomycin A or Idarubicin. These 
efforts lead to the incorporation of the high
dose AraC-Mitoxantrone regimen into first-line 
therapy and the development of double induc
tion [2,141. In refractory AML, a timed-sequen
tial modification of the two drug combination, 
the so called S-HAM regimen proved highly 
effective and was the basis for a prospective ran
domized comparison of high-dose versus inter
mediate-dose AraC [3,41. This study clearly 
indicated a dose response relation and a higher 
antileukemic effect ofhigh-dose AraC which did 
not transplate into an improved remission rate 
because of an increased mortality mainly from 
severe infections during treatment induced 
aplasia. In addition, remission duration was 
short with a median of only 5 months and long 
term survival was observed in less than 10% of 
cases, only. Hence, the present trial was initiated 
with the goal to reduce the treatment related 
mortality but also to explore new ways of 
post remission control of residual leukemia 
through activation of cellular defense mecha
nisms by IL 2. This approach emerged from pre
ceeding in vitro investigations demonstrating an 
antileukemic activity of autologous cytotoxic 
lymphocytes against leukemic blasts which 
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could be augmented by lL 2 [15,16,17]. A sub
squent dinical pilot study in 9 patients dem on
strated the feasibility of high-dose lL 2 

maintenance therapy in second or subsequent 
remissions and also suggested a potential pro
longation of remission duration in single cases. 
This approach is investigated by the current trial 
in way of a prospective randomized comparison. 
Since only 8 patients have entered this trial so 
far no meaningful judgement about the feasibili
ty and efficacy of this study part is possible at 
the present time. 

A dear indication of a beneficial effect of 
G-CSF administration after initial cytoreductive 
S-HAM therapy, however, emerges from the 
analysis of the first 38 cases undergoing this 
treatment. The overall remission rate of 58% 
compares favorably with the preceeding experi
ences with the identical cytostatic combination 
achieving only 48% remissions without G-CSF 
support. This difference results from a shorten
ing of the period of severe granulocytopenia 
from a median of 38 days to 28 days, respective
ly, which translates into a reduction of early 
deaths from 26% to 18%. These data thus con
firm corresponding reports by other investiga
tors [18] and also a preceeding study of the 
AMLCG exploring GM-CSF in high risk AML 
patients [19]. Hence, hematopoietic growth fac
tors and G-CSF and GM-CSF in particular have 
convincingly shown to reduce intensive therapy 
associated mortality from infections and thus 
make AML therapy more safe and effective. On 
this basis new strategies can be further explored 
which will ultimately improve the long term per
spectives in AML therapy. 
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Mitoxantrone-Etoposide or HD-ARA-C/Mitoxantrone for Remission 
Induction in Children with First Relapse of AML 

K. Stahnke', J. Ritter', J. Boos', and U. Creutzig' 

Introduction 

One third of children with AML, initially 
responding to chemotherapy encounter recur
rence of their disease. An effective chemothera
peutic regimen with tolerable toxicity is needed 
for this group of heavily pretreated children. In 
the past AML-BFM protocols did not specify for 
a salvage therapy. Reinduction chemotherapy 
with High Dose Ara-C/Mitoxantrone (HAM) or 
Mitoxantrone/Etoposide (MitoxlVP) was pro
posed. We performed a retrospective analysis 
among patients with first relapse previously 
treated with the AML-BFM 87 protocol with 
respect to initial response rates, toxicity and 
long term survival comparing the different rein
duction regimen. 

Patients 

Of 309 patients eligible for the study AML-BFM-
87232 (75%) achieved a complete remission. 134 
patients were in continous complete remission 
within a median follow up of 37 months. Of 89 
relapsed patients 28 patients were not treated 
further or were treated palliativelly while 61 chil
dren received a salvage therapy. Age at diagno
sis of relapse was 1.1 to 18.3 years with a median 
of 7.1 years. 35 children (57.4%) were male, 26 
(42.6%) were of female sex. Duration of first 
remission ranged from 2.6 months to 66.2 
months with a median of 12.7 months. 

Therapy 

For remission induction in first relapse two dif
ferent regimen were proposed: 

A. Mitox/VP: VP-16 was given in a 5-day 
schedule (100 mg/m'/12h) in order to have a 
longer duration of etopside plasma levels above 
Illg/ml. Dosage of Mitoxantrone was 10 mg/m'l 
day, applied on days 1 and 2. 

B. HAM: Therapy consisted of High-Dose
Ara-C 3 g/m'/12h, 3h-infusion on days 1-3 and 
Mitoxantrone 10 mg/m'/day on days 3 and 4. 

Several clinics applied various other chemo
therapeutic regimen, including combinations of 
Da unorubicinl Ara- C/Thioguanin/VP -16, 
Aclacinomycin AIVP-16, High-Dose Ara-CI 
VP-16, High-Dose Ara-CIVP-16/Mitoxantrone, 
m-Amsa/Ara-C, IphosphamidelVP-16 and High
Dose Ara-CI Iphosphamide. These patients are 
summarized in Group C. Other. 

Postremission therapy was heterogenous, 
most children were treated with a second or 
third course of polychemotherapy; 8 were allo
and 12 autografted in second CR. 

Results 

Response to so/vage therapy. Complete remission was 
achieved in 34 of 61 pts. treated: Of 10 children 
with early relapse ( < 6 month of 1. CR) only one 
responded to salvage therapy, while 18 of 32 pts. 

'Universitäts-Kinderklinik Ulrn, Abt. Kinderheilkunde II, D-89070 Ulrn, Gerrnany 
'Universitäts-Kinderklinik Münster, D-48129 Münster, Gerrnany 



Table 1. Response to salvage therapy 

Duration of first remission 

<6 months 

A:Mitox/VP 
Pts. treated 1 
2ndCR 0 

B:HAM 
Pts. treated 3 
2ndCR 0 

C: Other Therapies 
Pts. treated 6 
2ndCR 

all Patients 10 

2ndCR 

(56%) with an initial CR lasting 6-18 months and 
15 of 19 children (79%) with late relaps (> 18 
months) achieved a second remission. 

Response rates were comparable for group A 
(Mitox/VP) and B (HAM) and tended to be 
lower in group C (various regimen). 

Table 2. Toxicity observed during induction therapy 

GroupA 
Mitox/VP 13 pts 

Group B 
HAM 24 pts 

Group C 
Other 24 pts 

all Patients 61 pts 

Early death 

0 

3 

4 

*Severe infection: sepsis, aspergillosis 

Severe infection 

4 

2 

7 

, 
i 

6-18 months >18 months Total 

7 13 
4 9( 69.0%) 

12 9 24 
8 7 15(62.5%) 

13 5 24 
6 3 10 (41.6%) 

32 19 61 
18 15 34(55-7% ) 

Toxicity. The early death rate for the whole group 
(4/61) was within the range of other relapse regi
men [1, 2, 3]. Three deaths in group C were 
caused by sepsis (2 pts.) and cerebral haemor
rhage (1 pt.). With the proposed regimen 
Mitox/VP and HAM there was only one early 
death, this. was due to measles pneumonia. 4 
children had severe aspergillosis, 1 in group A 
and 4 in group B indicating long term bone mar
row supression. 

Survival. Of 61 patients treated 18 survived within 
a follow up ranging from 2.1 months to 48.6 
months. Comparison of the induction protocols 
is problematic because different postremission 
regimen were applied. However, again there is a 
trend in favour of the proposed regimen HAM 
and Mitox!VP. 
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Table 3. Postremission therapy and survival 

autologous 
noBMT BMT 

A: Mitox/VP 
2nd CR achieved 2 4 
alive 2 

B:HAM 
2nd CR achieved 5 6 
alive 5 (2 a.r.) 4 (1 a.r.) 

C: Others 
2nd CR achieved 7 2 
alive 2 0 

All Patients 
2nd CR achieved 14 12 
alive 7 (2 a.r.) 6 (1 a.r.) 

(a.r.): after 2nd relapse 

Postremission therapy and survival. Table 3 shows the 
survival rates broken down to treatment group 
and postremission therapy. 5 patients survived 
after allogeneic bone marrow tranplantation, 
while 10 patients are alive in CCR after autolo
gous BMT or chemotherapy alone. 

Discussion 

We performed an analysis among all of the chil
dren relapsing after initial treatment with the 
BFM-87-protocol. Most of the patients (61/89) 
were treated with the intention to achieve a sec
ond remission. The choiee of the induction pro
tocol A: MitoxNP, B: HAM or other regimen 
was done by the treating physican. 

The analysis of initial response rates con
firmed previous reports [4, 5, 6] indicating that 
long duration of first remission is apredietor for 
good response to salvage therapy. The proposed 
regimen were similar effective in inducing 2nd 
remission while results for the various other 
regimen were lower. Toxcity was acceptable 
with no toxie death in the proposed regimen, 
but with a high rate of fungal infections indieat
ing longlasting myelosupression. 

The analysis of postremission therapy reveals 
that there are long term survivors in 2nd CR 
with autologous BMT or chemotherapy alone. 
This result suggests to improve the prognosis of 
children with 1st relapse of AML by intensifying 
induction and postremission therapy. Therefore 
the ongoing relapse strategy of our group con
sists of a regimen with MitoxantroneNP-16 and 
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allogeneic 
BMT 

3 
3 

4 

8 
5 

Total 

9 
6 

15 
10(3 a.r.) 

10 
3 

34 
18(3 a.r.) 

HAM double induction therapy followed by 
autologous BMT using a Busulfan VP 16 prepar
ative regimen. 
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Introduction 

With standard induction regimen combining 
anthracyc1ines and cytosine-arabinoside (Ara
C) complete remission (CR) rates of 60-80% 
can be achieved in previously untreated patients 
with acute myelogenous leukemia (AML). 
However, the majority of these patients eventu
ally relapse. Repeated intensive induction thera
py results in poorer CR-rates. Once remission is 
achieved, its duration is substantially shorter 
than the previous remission'. 

Recently, we have shown that MA V is an 
effective therapy for patients with refractory or 
relapsed AML, resulting in a complete remission 
rate of 58.3%. The disease-free interval, however, 
was only 4.5 months in median and lasted no 
longer than 12 months2 • 

Aims of the Study 

1. In vitra, etoposide was shown to inhibit the 
cellular ara-c uptake when given simultane
ously3. In tllis trial we used a new sequential 
MA V regimen with non-parallel application 
of etoposide and ara-c to further improve the 
remission rate. 

2. Recombinant IL-2 effectively enhances NK
and LAK-activity. AML-blasts are sensitive 
toward IL-2 activated effector cells in vitr04• 

In this trial, we applied IL-2 based immuno
therapy as maintenance therapy in patients 

with high risk AML in remission to extend 
the remission duration. 

Patients and Methods 

Sixteen patients underwent s-MA V combination 
therapy. After induction of CR, 7 patients were 
treated with IL-2 immunomaintenance therapy. 

Results 

The results are shown in Tables 1-4 and Figs. 1-3. 

Conclusions 

Sequential MA V is an effective therapy regimen 
for patients with relapsed or refractory AML 
resulting in a complete remission rate of 62.5%. 

Table 1. Patient characteristics 

Median Age (range) 
Sex (m/f) 

AML 
de novo/secondary 
primary refractory 
1st relapse 
>2nd relapse 

notknown 
Median duration of 
prior remission (range) 

14/2 
1/-

10/2 
2/-
1/-

8(1-29) 

'Dept. Hematology, Medical School Hannover, D-30623 Hannover, Germany 
'Dept. Hematology, University Hospital, D-91054 Erlangen, Germany 
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Table 2. Results: s-MAV 

CR 
PR 
NR 
Early death 

- cause of death: 

MAVI 
n=16 

11 

2 

3 

MAVII total 
n=7 n=16 

10(62,5%) 
1(6,2%) 
3(18,8%) 

2 2(12,5%) 

- Septicemia 1 patient (CR after MA V I) 
- Pneumonia 1 patient (Pr after MA V I) 

- One patient with PR entered CR after IL-2 

Table 3. Results: IL-2 

Pat. AML Status 

F.G. sec. 1st relapse 
J.U. sec. 1st relapse 
L.A. de novo 2nd relapse 
G.H. denovo 1st relapse 
D.E. de novo 3rd relapse 
B.J. denovo 2nd relapse 
W.R. denovo 1st relapse 

+Dose reduced to one half after 1st course 
'PR after MA V I, CR after IL-2 
xthis pat. rejected treatment after 2 days ofIL-2 

Table 4. IL-2 treatment: toxicity (per patient) 

.750 

.500 

.250 

0 

o 

\~ 1

1 1- (n=16) 1 

6 12 18 24 
Months 

30 36 

Fig. 1. Cumulative survival 

Duration of remission 
Courses 
IL-2 prior post IL-2 

4+ 8 6 
4 5 6 
4 9 7 
3+ 27 4 

13 
1 2 1* 
l/2x 

1° IIO lUO .750 

Drug fever 
Fluid retention 
Blood press ure 3 
Dyspnea 
Skin rash 2 
Local pain 
Dryeye 
Drymouth 
N ausea/vomiting 2 
Diarrhea 1 
Hematuria 
CNS (weariness) 
Hemoglobin 2 
Thrombopenia 2 
Alcaline phosphatase 
Bronchitis 

- All patients expeienced 
- temporary eosinophilia 
- local swelling at the injection site 

- Toxicity was less in later courses 
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Fig.2. Event-free survival 

This eR-rate confirms the favourable result of 
OUf previous trial: 58,3% complete remissions in 
36 patients after MA V reinduction therapy. 
Median duration of remission was 8 months. 
One patient is still disease-free with 34 months 
follow-up. 

Immunomaintenance therapy with s.q. 
administration of IL-2 is a practical out-patient 



Treatment Schedules Treatment Plan 

s-HAV: 

Mitoxantrone 10 mg/m2 d 1-5 
Ara-C 

8.00: 100 mgjm2 d 1-5 

I '-iV! I 
CR ? 

20.00: 100 mgjm2 d 1-5 
Etoposide 100 mgjm2 d 1-5 n 
Interleukin 2: 

yes no 

IL-2: 18 x 106 Ujm2 jd d 1-3 
(s.q. , 9 X 106 Ujm2 jd d 4-5 
1x/d) P aus e 

9 x 106 Ujm2jd d 8-12 

IL-2 maintenance therapy 
is started after marrow 
regeneration (L>3000/~l) 9 
Optionally, s-MAV 11 
could be given in case 

Fig.3. of CR after s-MAV I 

repeat every 6 weeks 
until relapse 

therapy. Toxicity is tolerable with no major 
adverse events. Duration of remission after 
treatment with IL-2 was generally short with two 
major exeeptions: One patient who entered only 
PR after S-MA V went into CR after the first eyde 
of IL-2. Another patient experieneed a longer 
duration of seeond than first CR; this patient 
eventually re1apsed after 4 eydes of IL-2 treat
ment. 

The treatment of further patients is neeessary 
to evaluate the effeet of IL-2 in immuno-mainte
nanee therapy in AML. 
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Introduction 

Multidrug resistance remains a major obstacle 
to effective treatment of patients with Acute 
Myelogenous Leukemia (AML). A growing body 
of evidence indicates that over-expression of the 
MDRI gene, which encodes the multidrug trans
porter P-glycoprotein(P-gp), contributes to the 
resistance of human cancers to many anti-can
cer drugs [1,2]. One strategy currently being 
explored to overcome this resistance is the co
administration of non-cytotoxic drugs that bind 
to and inhibit the function of P-gp, thereby ren
dering the cells sensitive to concurrently admin
istered chemotherapy. The Pediatric Oncology 
Group Phase 11 clinical trial reported here was 
designed to test the safety and efficacy of this 
strategy. Among the agents that are currently 
approved for clinical trials, Cyclosporine A 
(CSA) is the most potent inhibitor of P-gp. CSA 
has been shown to reverse chemotherapeutic 
resistance due to expression of the MDRI P-gp 
both in vitro and in animal models. Phase I tri
als have demonstrated that blood levels of CSA 
similar to those required to modulate MDR in 
vitro can be achieved with acceptable toxicity. 
Alterations in the pharmacokinetics of MDR 
related drugs have been reported so that 
chemotherapy doses need to be chosen carefully 
to prevent undue toxicity [5]. 

Mitoxantrone and etoposide are chemothera
py drugs with proven effectiveness in AML They 
are also known to be substrates for P-gp and are 

actively transported from cells that over-express 
MDRl. Mitoxantrone and etoposide combina
tions have been used to successfully treat 
relapsed and refractory AML by several investi
gators. A 5 day induction course of 10 

mg/m'/day mitoxantrone and 100 mg/m'/day 
etoposide resulted in CR for 42% of the relapsed 
adult patients[6]. A prolonged aplastic phase 
followed this therapy and a high incidence of 
infections was reported. Such effects of myelo
toxicity may be a special hazard of this combi
nation although in general it was highly active 
and well-tolerated by the patients with refracto
ry and poor-risk AML. 

Our hypothesis is that high expression of 
MDRI in some leukemias results in clinical 
resistance to certain drugs, e.g. etoposide, 
mitoxantrone, doxorubicin and vincristine. CSA 
administration during chemotherapy with such 
agents may reverse this resistance by inhibiting 
the P-gp efflux pump[7]. Reports indicating 
expression of MDRI in relapsed AML and evi
dence for in vitro reversal of clinical resistance 
by CSA provide an additional rationale for this 
approach[8]. A pilot protocol designed to mod
ulate MDRI with CSA performed at our institu
tions demonstrated that continuous infusions of 
CSA plus mitoxantrone and etoposide could 
induce remissions with acceptable toxicity. 

The objectives of this study are to 1) deter
mine the remission induction rate and toxicity 
to mitoxantrone, etoposide and Cyclosporine A 
(MEC), 2) achieve a steady state Cyclosporine A 

'Pediatric Hematology/Oncology Division, Stanford University, Stanford, CA 94305 
'MedicaJ Oncology, Stanford University, Stanford, CA 94305 
'Pediatric Oncology, Dana-Farber Cancer Institute, Boston, MA 02115 



(CSA) level of >2400 ng/ml, 3) determine MDRI 
mRNA and protein expression in leukemic 
blasts and 4) determine the ability of CSA to 
increase intracellular drug in vitro. 

Methods and Materials 

Patients. As of J une 1993, 38 eligible patients with 
refractory or relapsed AML were treated with 
the MEC regimen at POG institutions after 
informed consent was obtained. All patients had 
failed prior therapy one or more times prior to 
MEC therapy. The median patient age was 5 
years with a range of 1 to 21 years. ~ale to 
fern ale ratio was 21:17 and the FAB types mdud
ed Mo [2], MI-M2 [17], M3 [2], M4-M5 [12], M7 
[3], RAEB [I] and treatment related seco~d 
malignancy AML [I]. All patients were heavlly 
pretreated with the following failure types: on 
therapy relapse 20 (53%), induction failures 7 
(18%) and off therapy relapse 11 (29%). For 
those who had achieved a first remission the 
median duration of initial CR was 5 months. 

MDR assays. MDRI P-gp surface expression was 
determined by flow cytometry using the anti
MDRI P-gp mouse monodonal antibody, 4E3. 
The testing of the in vitro ability of CSA at 
2.5uM to increase intracellular accumulation of 
3H-daunorubicin was determined on sampies 
from the study patients. Expression of MDRI 
mRNA and the recently doned Multidrug 
Resistance Associated Protein (MRP) mRNA 
were determined by PCR. 

Study Design. CSA 10 mg/kg bolus was given over 
2 ho urs as a loading dose and followed by 30 
mg/kg/day continuous infusion for 98 hours 
(total 100 hours). The CSA dose was adjusted at 
hours 14, 26, 38 ,50 and 74 to maintain a steady 
state serum CSA level above 2.5 uM (3000 ng/ml 
to 5,000 ng/ml). If the serum CSA level 
was below 3,000 ng/ml, the infusion dose was 
increased by 25%; if the serum CSA level was 
>5,000 ng/ml the infusion was stopped until the 
next level was known. Mitoxantron 6 mg/rn' and 
etoposide 60 mg/m' were given IV daily for 5 
days . The first doses were given just a~ter the 2 
hour loading dose. A bone marrow asplrate and 
biopsy were taken at diagnosis and leukemia 
cells analyzed for MDRI expression and func
tion. Repeat marrow aspirate and biopsy were 
performed on day 14 from the start of therapy. If 

cellularity was greater than 20% and/or 
leukemia cells were identified in the aspirate, a 
second full course was given and appropriate 
CSA dose levels were chosen from the initial 
course. A repeat course of MEC was given as 
consolidation therapy for those who achieved 
remission. Patients in CR or PR received bone 
marrow transplants once they recovered from 
consolidation. 

Results 

Since this study is open and accruing patients 
the response rate is masked. Preliminary res~lts 
indicate that complete remissions are occurnng 
in these heavily pretreated patients and induc
tion failures. Remissions have been attained in 
MDR positive and negative patients but the 
early proportion of patients identified as MDR 
positive is too small to perform a meaningful 
analysis. All patients achieved serum levels of 
CSA determined to be effective in modulating 
MDRI in vitro. There was great interpatient 
variability but the median CSA level during the 
100 ho ur infusion was 3,187 ng/ml (2.7uM). All 
patients manifested increases in serum bilirubin 
which returned to baseline within 1-3 days of 
completing the CSA infusion. For the patients 
who achieved remission the count recovery was 
as follows: Neutrophils >500 in 26 days [23-33], 
Platelets >100,000 in 34 days [23-34], Complete 
remission in 33 days [28-43]. 

Studies used to detect multidrug resistance 
were, as indicated earlier, the analysis of 
leukemia cell RNA and immunodetection and 
functional assays. The results ofthe MDR1, MRP 
and CSA reversal are detailed in Table 1. Seven 
of 25 sampies were MDR positive and 18 were 
MDR negative. The detection of MDR by mono
donal antibody and flow cytometry indicated a 
similar proportion of positive sampies with 6 of 
25 patient sam pIes positive for the 4E3 mouse 
monodonal antibody. PCR determination for 

Table 1. MDR1, MRP & CsA reversal study results 

MDR(PCR) 
MDR (4E3) 
MPR (PCR) 
CsA reversal 

Positive 

7125(28%) 
6125(24%) 

14125(56%) 
11125(44%) 

Negative 

18125(72%) 
19125(76%) 
11125(44%) 
14125(56%) 
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MRP indicated that 14 of 25 leukemia ceU sam
pIes demonstrated increased expression. Rever
sal of 3H-daunorubicin efflux was identified in 
vitro in 11 of 25 patients. 

The significant toxicities of this regimen were 
limited to myelosupression, mucositis and car
diotoxity. Grade IV mucositis requiring intra
venous hyperalimentation developed in 22% of 
the patients, an additional 24% reported Grade 
I-III mucositis. Clinical heart failure was report
ed in 4 of 38 patients who had received daunoru
bicin prior to MEC treatment at cumulative dose 
levels of 405, 405, 210 and 405 mg/rn' respective
ly. Three of the four children received two cycles 
of MEC before developing heart failure and one 
of the three developed he art failure only after 
recovering from a bone marrow transplant. 

Discussion 

Drug resistance, which may arise by somatic 
mutations during tumor growth or be present de 
novo, is an important cause of failure of cancer 
chemotherapy. Since our understanding of the 
mechanisms of drug resistance is based on labo
ratory models, the relationship of the models to 
the clinical setting has been difficult to prove. 
Few clinical trials have been designed to answer 
specific questions related to drug resistance. 
Since combination chemotherapy is often used, 
the contribution of one drug is difficult to assess. 
An increasing body of evidence implicates MDR1 
expression as a determinant of both intrinsic 
and acquired drug resistance in human cancers. 

Several non-cytotoxic drugs, such as vera
pamil, phenothiazines and CSA have been shown 
to modulate MDR in part by competitive inhibi
tion of P-gp function. Verapamil and phenoth
iazines modulate MDR at drug concentrations 
which produce unacceptable clinical toxicities in 
vivo. CSA concentrations which reverse MDR in 
vitro are 1 to 2 uM, levels that were easily achiev
able in the patients reported here. 

The patients admitted to this protocol were 
heavily pretreated with extensive use of prior 
anthracyclines and ara C. Most patients received 
etoposide prior to MEC and many received prior 
mitoxantrone. Marrow hypoplasia was induced 
in all patients treated and usually after only one 
course of MEC. The addition of CSA to the two 
drug five day mitoxantrone, etoposide regimen 
most certainly contributed to this response. 
Pharmacokinetic studies have shown increased 
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AUC when CSA is given concomitantly with 
etoposide. The pharmacokinetics of mitoxant
rone is likely affected similarly although studies 
have not been reported. The combined effect of 
increased AUC and P-gp modulation may be the 
significant contribution of the MEC therapy. 

Serum levels of CSA >3,000 ng/ml and 
greater were achieved over a 5-day period. 
Hepatic toxicity was only manifested by hyper
bilirubinemia and was reversible. Only two 
patients suffered renal abnormalities that were 
also reversible and likely related to tumor lysis 
and fluid deficit. Serious cardiotoxity was identi
fied in 4 of 38 patients treated. The cardiotoxici
ty is likely related to the heavy use of 
anthracyclines prior to MEC although the role 
for mitoxantrone and the possible increased 
A UC of this agent needs to be taken into consid
eration. Presently we are studying the pharma
cokinetics of mitoxantrone and etoposide in 
patients entering this protocol in an attempt to 
understand any contribution mitoxantrone may 
make to the cardiotoxicity seen in these patients. 
Whether or not CSA inhibition of P-gp leads to 
increased cardiotoxicity because of increased 
intracellular mitoxantrone levels or decreased 
clearance of mitoxantrone from inhibition of 
bilirubin excretion is at present unknown. 

Initial results show that MDR can be detected 
in at least one quarter of patients and MRP in 
over one half. Studies to correlate the signifi
cance of MDR1 and MRP expression and in vitro 
drug uptake reversal by CSA and clinical 
response are underway. 

These early results of a phase II study show 
that serum levels of CSA capable of reversing 
MDR are achievable in children with acceptable 
toxicity. Mucositis and heart failure were found 
to be major treatment related toxicity's in this 
heavily pretreated population. The response rate 
of this study is presently masked as the study 
remains open for accrual. Preliminary results 
show complete remissions in heavily pretreated 
patients and induction failures with AML. 
Remissions have been achieved in MDR positive 
and negative patients. 
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Sequential Chemotherapy with Mitoxantrone, Etoposide and Cytarabine 
for Previously Treated Acute Myeloid Leukemia: EMA 86 Regimen 

Eric Archimbaud" Xavier Thomas" Veronique Leblond" Mauricette Michallet', Pierre FenauX", 
Frans:ois Dreyfus5, Xavier Troussard', Catherine Cordonnier', J. Jaubert', P. Travade', Jacques Troncy" 
David Assouline" Denis Fiere' 

Abstract. EMA 86 regimen, associating mitox
antrone, 12 mg/m2/day on days 1-3, etoposide, 
200 mg/m2/day as a continuous infusion on days 
8-10 and cytarabine, 500 mglm2/day as a contin
uous infusion on days 1-3 and 8-10, was admin
istered to 133 patients. 70 patients had refractory 
AML and 63 had late first relapse. 60% achieved 
complete remission (CR), induding 44% of 
refractory patients and 76% late first relapse 
patients (p = 0.0002). 11% died from therapy
related toxicity. Median survival is 7 months, 
with 11% survival at 5 years. Median disease-free 
survival (DFS) is 8 months, with 20% DFS at 5 
years. 

Introduction 

The principle of timed sequential chemotherapy 
(TSC), used in the therapy of acute myeloid 
leukemia (AML), is to recruit leukemic ceIls in 
the ceIl cyde using a first sequence of 
chemotherapy, then to administer a second 
sequence, using cyde active drugs, at the time of 
peak ceIl recruitment in order to increase effica
cy [1]. InitiaIly described TSC regimen, which 
induded daunorubin and cytarabine in the first 
sequence and cytarabine alone in the second 

sequence, have shown efficacy when used both 
as first line therapy [2], and in previously treat
ed patients [3]. EMA 86 regimen indudes mitox
antrone instead of daunorubicin in the first 
sequence and associates etoposide to cytarabine 
in the second sequence. After encouraging 
initial results in 72 patients [4], we report he re 
on 133 patients treated with this regimen. 

Patients and Methods 

Patients. Patients had AML non responsive to 
previous chemotherapy or in first or subsequent 
relapse. Only patients with a performance status 
of 2 or less and no grade > 2 organ faHure 
according to the W orld Health Organization 
(WHO) grading system could enter the study. 
Refractoriness was defined, according to 
Hiddeman et al [5], as (a) nonresponse, (b) early 
first relapse, occurring after a first CR of less 
than 6-month duration or while the patient is 
still on therapy, and (c) second and subsequent 
relapses. 

Treatment regimen. Induction induded a first 
sequence of chemotherapy combining mitox
antrone, 12mg/m2/day, administered IV as a 

'Service d'Hematologie, Höpital Edouard Herriot, 69437 Lyon, France 
2Groupe Hospitalier Pitie-Salpetriere, Paris 
'Höpital Andre Michallon, Grenoble 
4Höpital Claude Huriez, Lilie 
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'Höpital Henri Mondor, Cn!teil 
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short infusion over 3 days, and cytarabine, 
500mg/m'/day IV as a continuous infusion over 
the same period. The second sequence, adminis
tered after a 4-day free intervaI, consisted in 
etoposide, 200 mg/m'/day IV as a continuous 
infusion over 3 days (days 8 to 10) and cytara
bine, as in the first sequence. Post-induction 
therapy varied according to individual polieies 
at each of the centers participating to this 
collaborative study. Most patients received a 
second course of chemotherapy identieal to 
induction. Alternatively, patients received 
monthly maintenance courses with reduced 
dosages of drugs used during induction regi
men, autologous bone marrow transplantation 
(BMT), or allogeneic BMT. 

Results 

Patient population. One hundred thirty-three 
patients entered the study, 16 of them with sec
ondary AML or AML following a previous 
myelodysplastic syndrome. Seventy patients 
(53%) were classified as refractory and 63 had 
late first relapse. Median age of the patients was 
46 years (range 15 to 70 years), 22 patients were 
aged over 60 years. Twelve patients had non Ml
M6AML. 

Results of induction. Overall 79 patients (60%) 
achieved CR, 2 of them after 2 courses of chemo
therapy, including 44% of refractory patients 
and 76% of late first relapses (p = 0.0002). Ten 
(46%) of 22 patients aged over 60 years and 12 
(75%) of 16 patients with secondary AML or 
AML following a previous MDS achieved CR. 
Median duration of granulocyte count below 
0.5 x 109/1 was 31 days (range 11 to 64 days) and 
of platelet count below 20 x 109/1 29 days (range 
12 to 85 days). WHO grade> 2 extra-hematolog
ie toxicity of induction included infection (54% 
of patients), oral mucositis (23%), vomiting 
(9%), hyperbilirubinemia (8%), bleeding (6%), 
cutaneous rash (5%), diarrhea (3%), complex 
metabolie disorders (2%) and cerebellar syn
drome (1%). Fifteen patients (11%) died from 
toxicity. 

Results of postinduction. Among the 79 complete 
remitters, 17 received no additional therapy, 27 
received a second course of intensive chemo
therapy using the same regimen as for induc
tion, 10 received maintenance chemotherapy, 13 

patients younger than 50 years received allo
geneie BMT from a family-related donor, and 12 
patients aged up to 64 years received autologous 
BMT. 

At a median follow-up of 50 months, when 
patients receiving BMT are censored at the time 
of transplant, overall survival of the whole 
group of patients is 11% at 5 years, with a medi
an survival of 7 months. Disease-free survival of 
the patients who achieved CR is 20% at 5 years, 
with a median DFS of 8 months. Five year 
overall survival is 3% in refractory patients and 
20% in late first relapse patients (p = 0.0002). 
Five year DFS is 12% and 25% respectively 
(p = 0.02). One patient relapsed before sched
uled intensive consolidation and 4 before autol
ogous BMT. DFS at 5 years for patients younger 
than 60 years in whom intended post-induction 
therapy was intensive chemotherapy, autolo
gous BMT or allogeneie transplantation are 
24%, 15% and 46% respectively (p = NS). 

Discussion 

These results confirm that observed in the initial 
cohort of 72 patients treated according to 
EMA86 regimen [4], showing high initial anti
leukemie efficacy of this regimen including in 
selected patients aged more than 60 years. 
Furthermore, EMA 86 regimen induces 20% 
long term DFS, a rate higher than that observed 
in older se ries of relapsed patients [6,7]. The 
role of cell recruitment in the efficacy of 
daunorubiein and eytarabine-based TSC has 
been established [8]. If recruitment is to playa 
role in the efficacy of this partieular regimen, CR 
rate might be increased, particularly in refracto
ry patients, by the use of CSFs between the 2 
sequences in order to potentially increase 
recruitment [9]. A pilot study has shown no 
increased toxicity when administering GM-CSF 
between the 2 sequences of EMA regimen [10]. 
This association is therefore being evaluated in a 
randomized trial (EMA 91 trial). 
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Introduction 

In the treatment of childhood acute nonlym
phoblastie leukemia remission rates of 70 to 80 
percent can be achieved by a variety of intensive 
induction chemotherapy regimens [1-5]. 
Anthracydine antibiotics are among the most 
effective agents for the treatment of ANLL. 
Therefore these drugs or related compounds are 
used in high doses. 

Adarubicin (ACR) - a newer generation 
anthracydine - has been introduced to dinical 
use more than ten years ago. Phase land 11 stud
ies had shown a significant anileukemie activity 
of the drug, particularly against acute non
lymphoblastie leukemia [ 6-8]. 

In 1984 a cooperative multicentrie study 
(AML-IGCI-84) was initiated whieh applied 
ACR in combination with cytosine arabinoside 
and etoposide in children with acute nonlym
phoblastie leukemia. 

Patients, Treatment and Methods 

Children with newly diagnosed untreated ANLL 
were eligible for the study. They were treated at 
several pediatrie dinies in Austria and Hungary. 
Leukemias were dassified according to the cyto
logic and cytochemieal criteria of the F AB group 
[9,10]. In addition, in most cases, immunologie 
dassification of ceIl surface markers, determina-

tion of terminal deoxynudeotidyl transferase 
(TdT), and cytogenetie analysis were performed. 

From January 1984 until November 1989 95 
children with ANLL - 46 boys, 49 girls, median 
age 7;06 years (1 day - 17;01 years) - were treated. 
FAB subtypes induded M, (n=29), M2 (n=I3), 
M3 (n = 1), M4 (n = 26), M, (n = 20), M6 (n = 2) 
and M7 (n = 4). The median initial white blood 
count was 18.6 G/I (1.4-1350.0), 3 patients 
showed initial CNS-involvement. 

Study design: The back-bone of the protocol 
was identical with the germ an therapy study 
AML-BFM-83 (Fig. 1) [5]. In contrast to the 
BFM-83 protocol, however, aIl patients received 
induction 1 (Ara-C, ACR, VP-I6; Fig. 2). 

Children in complete remission after h 
( < 5% blasts in the bone marrow aspirate) pro
ceeded to the intensive BFM-83-consolidation (a 
modified childhood BFM-ALL-protocol: pred
nisone 40mg/m2 daily p.o. days 1-28, 6-thiogua
nine (6-TG) 60mg/m2 daily p.o. days I-56, 
vincristine 1.5 mg/m2 Lv. and doxorubicin 25 
mg/m2 Lv. days I, 8, 15, 22, cytosine arabinoside 
(Ara-C) 75 mg/m2 Lv. on 4 consecutive days 
starting on days 3, 10, 17, 24, 31, 38, 45, 52, respec
tively, cydophosphamide 500 mg/m2 Lv. on days 
29 and 57, age-dependent inthrathecal Ara-C on 
days 31, 38, 45 and 52: < 1 year 20 mg, 1 - 2 years 
26 mg, 2-3 years 34 mg, > 3 years 40 mg). The 
consolidation protocol induded cranial irradia
tion with age-dependent dose « 1 year 12 Gy, 
1-2 years 15 Gy, > 2 years 18 Gy) [6]. 
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Fig.2. Induction h: ACR, aclarubicin; ARA-C, cytosine arabinoside; VP-16, etoposide 

Children not in complete remission after I1 
received an induction 12 (BFM-83: Ara-C 100 
mg/rn' 24-hour infusion days 1 and 2, 100 mg/rn' 
Lv. twice daily days 3-8, daunorubicin 60 mg/rn' 
Lv. days 3-5, VP-16 150 mg/rn' days 6-8) before 
consolidation [6]. 

Maintenance was started 2 weeks after the end 
of the consolidation therapy with daily 6-TG (40 
mg/rn' p.o.), Ara-C (40 mg/rn' s.c.) for 4 days 
every 4 weeks, and doxorubicine (25 mg/rn' i.v 
every 8 weeks 4 times only (during the first year). 
Maintenance was stopped 2 years after diagnosis. 

12, consolidation and maintenance were orig
inal protocols ofthe study AML-BFM-83 [6]. 

Patients with high initial white blood cell 
counts (WBC) (> 50.000/J..LL) and/or extensive 
organomegaly received a cytoreductive pretreat
ment with 6-TG and Ara-C. 

Results 

64 patients (67%) achieved complete remission 
(CR), 47 (49%) by 11, 16 patients (17%) by 12, 1 
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patient by the consolidation course. Induction 
failure was caused by early death in most cases: 
5 patients died within one week from diagnosis, 
16 pts. during bone marrow aplasia following h, 
and 10 pts. died later without having ever 
achieved remission. 

7 pts. proceeded to bone marrow transplanta
tion (BMT) in first eR (allogeneic n = 2, syn
geneic n = 1, autologous n = 4), they were 
censored for survival analyses at the date of 
grafting. By the date of evaluation (December 
1993) 27 relapses had occurred, 5 patients died in 
CR. 30 patients remain in first eR. Probability of 
event free survival is .30 (SE .05, Fig. 3), of event 
free interval .44 (SE .07) at 9 years after diagno
sis or CR, respectively (Life table analysis, medi
an follow up in CR 6;05 years). 

Infants less than 12 months of age at diagno
sis represented a remarkably high proportion of 
the study population (n = 12,13%) and had a dis
mal prognosis, only one patient autografted in 
first eR survived. Initialleukocyte count, FAB
subtype and gender had no significant impact 
on the outcome. 
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Discussion 

The induction chemotherapy including ACR as 
first line anthracycline was effective. Three 
quarters of all remissions were already achieved 
by the ACR-containing induction regimen. In 
addition, a considerable percentage of children 
remained in long-term remission. These results 
compare weil with those published for other 
protocols for childhood ANLL [1-6]. 

In adults, the value of ACR for the treatment 
of acute myelogenous leukemia has already been 
demonstrated in refractory disease as weil as in 
front line therapy. Rowe et al. showed a high 
remission rate induced by a combination ofhigh 
dose ACR and etoposide in patients with refrac
tory acute myelogenous leukemia [n]. In a 
randomized trial of Hanson et al. the ACR-con
taining induction course yielded a significantly 
higher remission rate than the one with 
daunorubicin [12]. 

However, compared with the original BFM-83 
protocol the results of our study were still inferi
or [6]. This might partially be explained by the 
high proportion of infant leukemia. Secondly, a 
high rate of early deaths due to uncontrolled 
infections before remission as weil as a nearly 
8 % rate of deaths in complete remission turned 
out to be the main problems to be solved in 
future protocols. 
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TAO Double Induction, HDAra C Consolidation, Rotation Maintenance 
in ANLL: the Results and Prophylaxis of Hepatitis and Fungallnfection 

S. Pushkareva', N. Gorbounova', E. Oboukhova', A. Davtian', M. Kontchalovski" G. Selidovkin', and A. Baranov' 

Introduction 

In the last 10 years the results of the treatment of 
ANLL became much better because of the inten
sification of chemotherapy programs even with
out the use of new medicines [1]. In our dinic 
we also constantly try to optimise the treatment, 
so, last years it is in many parts similar to 1985 
study of AMLCG [2] - TAD double induction 
and consolidation on the base ofhigh-dose cyto
sine arabinoside (HDAra C). 

There are our experience of treatment adult 
ANLL and results of prophylaxis wiili ampho
tericin B (ampho-B) inhalation and parenteral 
recombinant human a-interferon (rHuIFN-a) 
of systemic mycoses and viral hepatitis. 

Materials and Methods 

Patients. Between January 1990 and December 
1993 79 newly diagnosed ANLL patients (pts) 
were admitted. 56 of them were under the age of 
60 (14-59, med. - 39 y.o.). Male - 27, female -
29. The FAB variants of leukaemia: were M,- 4, 
M,- 20, M3-2, M.-23, M,- 6, M6- 1. 

Besides 7 patients were treated with the same 
program in 1988-89 years and had age 14-51 
(med. 36 y.o., M,- 3, M3-1, M.- 3). 

Treatment. In 1990 we used double TAD-7 for 
remission induction: cytarabine (Ara C) 100 
mg/rn' (4 h-infusion, b.i.d.), d 1-7; 6-mercaptop
urin (6MP) 75 mg/rn'" b.i.d., p.o., d 1-7; daunor-

'Clinical Department ofInstitute of Biophysics 

ubicin (DNR) 60 mg/rn" d 5-7. In 1991-92 VP-16 
100 mg/rn' was added to TAD-7 in 8, 9 days of 
treatment. From July 1992 remission induction 
induded two TAD-9: Ara C 100 mg/rn' (24 h
infusion in 1, 2 days and 1 h-infusion every 12h 
in d 3-8), 6-iliioguanin 100 mg/rn' or 6MP 75 
mg/rn', b.i.d., p.o., d 3-9; DNR 60 mg/rn', d 3-5. 
Period between induction courses was not regu
lated strictly but it was tried to be not more ilian 
30 days. 

For consolidation high-dose Ara C (1 g/m" 
'h-infusion, every 12h, d 1-4) and DNR 45 
mg/rn" d 5-7, were used. One consolidation 
cyde was done in 2 months after induction of 
CR upto July 1992, then two such cydes has been 
desided to de done in six monili CR period. 

Long-term maintenance treatment was used 
only in patients wiili poor prognosis (hyper
leukocytosis, hepatosplenomegalia, skin infiltra
tion) and in patients which treatment program 
was not fulfilled in planned period of time. 
Maintenance induded Ara C 50 mg/rn', t.i.d., S.c., 
d 1-5, every 6 weeks. Second medicine was alter
nated - DNR 30 mg/rn', d 1; or cydophosphamide 
750 mg/rn', d 1; or 6MP 75 mg/rn', t.i.d., d 1-5. 

Hepatitis and its prophylaxis. The diagnosis of acute 
viral hepatitis (A VH) was made when AST 
and/or ALT were over 10 times ofupper normal 
value (ION). The rise of AST and/or ALT level 
till ION was called as "hyperaminotransphere
mia of unknown origin" (HaUO). 

For hepatitis prophylaxis patients received 
the rHuIFN-a (1-2 x 106 iU, e.o.d., i.m.) from the 
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first day of 1st induction cyde and it was contin
ued all time untill inpatient staying for induc
tion and consolidation courses. 

Systemie fungal infection and prophylaxis of aspergillosis. 
The diagnosis of systemic (invasive) fungal 
infection was undoubted if fungi were discov
ered in blood or in species of material from 
lesion's place (bacteriological, bacterioscopical, 
histological investigations). Fungal pneumonia 
was suspected in cases with typical X-ray film: 
spherical lesions and cavities with so-called 
"fungus ball" (aspergillosis) [3]. The effect of 
ampho-B treatment conformed the diagnosis. 

The aspergillosis prophylaxis was made with 
ampho-B inhalations through the whole periods 
of patient's hospitalisations (ultrasonic inhaler, 
5 mg of ampho-B in 10 ml of distilled water, 
b.i.d.) [4]. 

Results 

Remission induetion. Remission rate in 56 patients 
under 60 is 65%, in all cases after first TAD. 
Intensification of induction therapy increased 
the remission rate and decreased the number of 
resistant cases, but there were no differences in 
mortality (Table 1). 

The time between T AD courses is a charac
teristic of induction's intensity (Table. 2). Only 

Table 1. Results of induction treatment 

Induction course 

in 20% of patients it was possible to begin the 
second induction course in month after the first 
one. So, intensity of induction treatment was 
much less if compared with planned. Up to the 
moment of consolidation 36 patients (65%) were 
alive. 

Remission consolidation. Consolidation with HDAra 
C+ DNR performed in 23 from 36 patients, of 
the other ones: 3 received BMT, 2 had early 
relapse, 5 refused the treatment and 3 are on 
consolidation just now. Seven more patients in 
1988-89 completed such program of induction 
and consolidated. They are joined (23+7) for 
analysis. Most (22 from 30) patients received 
first consolidation in 6 month from remission 
(Table 3). In other 4 cases it performed so me 
later because they had severe hepatitis. Three 
patients died during first consolidation (hepa
torenal failure, intracerebral hemorrhage, sud
den cardiac death). 

Second consolidation course was performed 
only in 10 from 27 patients which were alive 
after the previous one. In first 10 cases (before 
1992) second consolidation was not planed, 3 
patients are on the treatment now, but 1 patients 
had the relapse after first consolidation, in 2 
cases treatment delayed because of chronic 
active hepatitis. One patient died during second 
consolidation (Pseudomonas sepsis). 

TAD-7 TAD+VP-16 TAD-9 Total 

No. of patients 23 19 14 56 
Complete remission 13(56%) 13(68%) 12(86%) 38( 68%) 
Death in 1 induct. 5(22%) 3(16%) 2(14%) 10(18%) 
Death in 2 induct. 0 0 2'(14% ) 2(4%) 
Resistant cases 5(22% ) 3(16%) 0 8(14%) 

'patients died in first remission 

Table 2. Interval between TAD cycles 

Time between cycles, days 

~ 21-30 ~31-40 ~ 41-50 >50 

Patients. of 1988-89, n = 7 0 2 4 1 
Patients. of 1990-93, n = 38 9 10 1 18 
Total, n=45 9(20%) 12(27% ) 5(11%) 19(42%) 
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Table 3. Time between remission and HDAra C+DNR consolidations 

Interval remission to consolidation, months 

;;, 2-4 > 4-6 > 6-8 > 8-10 > 10-12 > 12 Total 

First consolidation' 
Second consolidation' 

'number of patients 

16 

Maintenance chemotherapy. Maintenance chemo
therapy is conducted in 13 from 26 patients, who 
finished the program of TAD double induction 
and one or two courses of HDAra C+ DNR con
solidations. Most of the patients come over the 
treatment satisfactorily, only 3 patients are 
needing to prolong intervals between cycles 
because oflong aplasia. 

Probability of disease free survival. There is a curve of 
DFS of 26 ANLL patients, who were alive after 
double TAD-induction and one or two courses 
of consolidations by HDAra C+ DNR 
(see Fig. 1): median is 22 months, the plateau 
started after 30 months, on the level of 39%. 

Hepatitis and prophylaxis with rHuIFN-a. The rate of 
hepatitis and the results of its prophylaxis were 
studed in two groups: first group included 40 
patients of 1990-93 years, which were alive more 
then 4 months and only half of them completed 
program of chemotherapy and second group of 
30 patients, who have performed both induction 
and cosolidation treatments (Table 4). 

Different kinds of liver damages appeared in 
87% of patients, A VH was in 52-57% of patients. 
Hepatitis began in aperiod from 1 to 12 month, 
the half of an cases had the beginning this 
complication in 4-6 mo, and about 30% of 
patients-in 2-3 months after induction. rHuIFN
a-prophylaxis decreased hepatitis rate, but not 

100 

6 2 

3 

2 

4 

2 2 30 
10 

reduced the portion of patients, who needed 
chemo-therapy reduction because of liver dam
ages. Only 6 of an patients had normal amyno
transpheras level through the whole period of 
treatment, 5 of them received rHuIFN-a pro
phylaxis. 

Fungal infedion and its prophylaxis. Systemic or 
severe invasive mycoses were diagnosed in 21 
(26%) from 79 adult ANLL patients, treated in 
1990-93 (Table 5). There were candidosises in 13 
patients (4-septicaemia, 8-pneumonia, l-oeso
phageal ulceration with massive bleeding). In an 
patients complications disappeared with 
amphotericin B treatment and after granulocyte 
level normalisation. Treatment of candidosis 
was the reason to delay next course of 
chemotherapy in 3 patients. Aspergillosis pneu
monia occurred in 8 patients, in 4 cases it was 
the main cause of the death. 

Aspergillosis appeared in our department 
only from 1992. Frequency of this complication 
and efficiency of its prophylaxis were analysed 
in 44 patients, treated in this period. In group 
with ampho-B prophylaxis aspergillosis was 
diagnosed in 2 from 18 patients (11%), the COffi

plications occurred in first induction course and 
in one case it was the cause of the death. In 
group without prophylaxis 6 from 26 (23%) 
patients had this complication (3 patients - in 
first induction of the first remission and 3 

~ 90 
'ä 80 

70 

i ~~+---------~~-,r-----------------------
40 

Fig. 1. Probability of DFS in group of 26 
ANLL patients, who were alive after 
TAD double induction and 1 or 2 cours
es ofHDAra C+ DNR consolidations 
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O~~~~~~~~~~~~~~~~~~ 
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Table 4. Acute viral hepatitis (A VH), hyperaminotranspheremia of unknown origin 
(HaUO) and rHuIFN-a prophylaxis in two groups of ANLL patients 

Induction-Consolidation 

Pts. on 
prophylaxis 

Pts. after 
prophylaxis 

yes no yes no 

No.of patients.: 

-AVH 
-HaUO 
- No.of pts. needed chemotherapy reduction: 
- because of A VH 
- because ofHaUO 

'per cent of the patients; 
bp < 0.05 fs] 

17 
7(40') 

12(70) 
6(35) 

Table 5. Patients with systemic mycoses in 1990-1993 

1990 1991 1992 1993 

No patients: 4 2 7 8 
- with Candidosis 4 2 4 3 
- with Aspergillosis 0 0 3 5 

patients - in induction of the second remission). 
3 patients died because of aspergillosis, others 
were cured and proceeded chemotherapy. There 
were no relapses of aspergillosis, but it was nec
essary to delay the beginning of the next course. 

Discussion 

From current data we know that the rate of 
remission and its duration depend on the inten
sity of the treatment in cydes of induction and 
consolidation. But intensity of the treatment is 
determined not only by the doses of medidnes, 
but by intervals between courses of chemothera
py. For example, 1985 trail of AMLCG layout 21-
days period between two induction courses 
T AD-9 and 6-8 weeks ti11 next consolidation. 

The results of similar treatment of ANLL are 
presented in this artide. Only in 25% of patients 
the program of double T AD-9 induction and 2 
courses of HDAra C+ DNR consolidation can be 
performed in 6-8 month. Main factors, which 
influence the time of the program were in our 
drcumstances - fungal infections and hepatitis. 
The first ones occurred during the first cyde of 
chemotherapy and delayed interval between 
induction courses. The latter appeared most 
often during second induction or just after it, so 
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23 
14(70) 
19(85) 
7(30) 
6 

10 
3(30 )b 
7(70) 
3(30) 
2 
1 

20 

14(70) 
19(85) 
8(40) 
6 
2 

6-8 week intervals between next courses were 
unreal. 

Virus es ofhepatitis Band C were the cause of 
hepatitis in our patients. We suppose also that 
the same viruses are the cause for the most part 
of HaUO, but could not prove it. The time of 
starting of hepatoce11ular damages from the 
beginning of chemotherapy and massive haemo
transfusion (1.5-3 months for HaUO, and 3-6 
month for hepatitis) is the reason for this suspi
don. 

Prophylaxis of aspergillosis with ampho-B 
inhalations and of hepatitis with rHuIFN-a, 
which were used in our dinic last years, 
decreased the rate of aspergillosis and the rate 
and severity of hepatitises. It is necessary to 
improve these prophylaxis treatments to get the 
better results from intensive chemotherapy of 
ANLL. 
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Introduction 

Bone marrow (BM) is the most frequent relapse 
site in childhood acute lymphoblastic leukemia 
(ALL). In the experience of the ALL-REZ BFM 
relapse trials the marrow was involved in 80% of 
relapse patients. The following report summa
rizes the results of four consecutive trials for 
treatment of relapsed ALL and addresses the 
question whether bone marrow transplantation 
(BMT) is required in any case of systemic recur
rence. 

Patients and Methods 

Between 1983 and 1993, 540 children and adoles
cents up to the age of 18 years having experi
enced their first marrow relapse were enrolled in 
four consecutive multicentric relapse trials of 
the BFM Study Group. Median age was 8.2 years 
(range 1.5-18), 315 patients (58.3%) were boys 
and 94% had been initially treated according to 
intensive front-Hne therapy as used in the 
German BFM and COALL trials. Isolated BM 
relapse (leukemia only detectable in the mar
row, > 25% BM blasts) was diagnosed in 380 
patients (70.4%). 160 patients had combined 
relapses (cytologically or histologically proven 
extramedullary leukemia with at least 5% BM 
blasts). The most frequent concomitantly 
involved site was the central nervous system 
(CNS), followed by the testicles and other 
regions such as skin, mediastinum, pleura, 
ovaries or the prostatic gland. 

Late relapse (beyond six months after the end 
of front-line therapy) was present in 315 
patients. In 63 children the relapse had occurred 
during the first 18 months of first complete 
remission (CR), in the following referred to as 
very early relapse, and in 162 patients the time of 
relapse was in between (early relapse). As previ
ously shown, children with very early systemic 
relapse or any relapse of T -cell ALL have a dis
mal prognosis [7]. Therefore, these patients were 
termed Poor Prognosis Group (PPG). Detailed 
patient characteristics are shown in Table 1. 

Treatment consisted of alternating short
term multidrug chemotherapy courses, four R1 
and R2 courses each in studies ALL-REZ 83, 85 
and 87[4]. In study ALL-REZ 90 which is still 
open for patient entry course R3 (main con
stituents: VP16 and high-dose ARA-C) was 
introduced such that three of each R1, R2 and R3 
courses are administered up to a total of nine. In 
the first three trials, children with early or very 
early marrow relapse received an initial induc
tion protocol[6]. Different in the study design 
were the methotrexate (MTX) doses used within 
the R-courses. However, up to now no differ
ences in outcome depending on MTX dosage 
could be shown[8, 11]. 

After completion of R-courses maintenance 
therapy consisting of daily oral thioganine and 
biweekly intravenous MTX at conventional 
doses was given for 2 years. Radiation therapy to 
extramedullary involved sites was performed at 
the end of R-courses. Because of a high rate of 
second relapses in the CNS following first isolat
ed marrow relapse in study ALL-REZ 85 radia-
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Table 1. Patient characteristics 

Bone marrow relapse 

Total age 8.2 yrs 
boys 8.2 yrs 
girls 8.3 yrs 

study ALL-REZ BFM83 
BFM85 
BFM87 
BFM90 

isolated BM 
combined BM+CNS 

BM + testicular 
BM+other 
BM+2 sites 

late relapse 
early relapse ~ 18 months 1st RD 
early relapse< 18 months 1st RD 
poor prognosis group 
allogeneic bone marrow transplant 

tion therapy to the CNS was strongly recom
mended during the course of study ALL-REZ 87 
and became a firm constituent of study ALL
REZ 90[3,6]. 

Patients having a matched sibling donor were 
to be transplanted so on after 2nd CR had been 
achieved but not earlier than after 2 courses of 
chemotherapy. If no place for BMT was avail
able at that time chemotherapy had to be con
tinued according to the protocol until BMT 
could be performed. Autologous BMT was 
optional as was the decision for matched unre
lated BMT. 

Life-table curves were constructed according 
to the Kaplan-Meier procedure and results co m
pared by the logrank test. Estimates for the 
probability of event-free survival (p-EFS) 
include aH adverse events, i.e., nonresponse, 
induction death, death in 2nd CR, and relapse at 
any site. Results obtained with chemotherapy 
were estimated by censoring transplanted 
patients at the time of BMT. Estimates for the 
prob ability of disease-free survival (p-DFS) 
include all adverse events from achievement 
ofCR. 

Results 

A total of 478 out of 540 patients (89%) achieved 
a second CR. Remission rate was highest in chil-
dren wiili late relapse and clearly worse in 
patients with shorter first remission duration. 
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No.ofpts % 

540 100 
315 58.3 
225 41.7 
58 10·7 

112 20·7 
156 28·9 
214 39.6 
380 70·4 
92 17·0 
45 8.3 
17 J.1 
6 1.1 

315 58.3 
162 30.0 
63 11·7 
73 13·5 
77 14·3 

The main reason for failure to achieve 2nd CR 
was nonresponse (NR) to treatment (Table 2). 

Likewise, as weH as final outcome as the 
duration of 2nd CR are strongly dependent on 
time. As shown in Fig. 1 prognosis is better with 
longer time off front-line therapy. Furthermore 
there are additional pretreatment parameters 
significantly influencing the prognosis such as 
T -ceH phenotype, involvement of extrame
duHary sites concomitant to BM relapse and the 
number of circulating blood leukemic ceIls in 
children with late marrow relapse. The most 
important treatment variable was found to be 
radiation therapy to the CNS in patients with 
late isolated BM relapse. Respective figures are 
given in Table 3. 

Out of 77 patients who were referred to 
allogeneic BMT 36 were transplanted for early 
BM relapse. The median time to BMT was 
150 days. At that time 93 children with early 
marrow relapse were still in 2nd CR lacking a 
matched donor and therefore remaining on 

Table 2. Remission rates in trials ALL-REZ BFM 
83-90 

no 2nd CR 2ndCR 

Type ofrelapse n ED NR n % 

LateBM 315 11 8 296 94 
EarlyBM 162 7 16 139 86 
Very early BM 63 5 15 43 68 
Total 540 23 39 478 89 
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Table 3. Pretreatment and therapeutic prognostic 
parameters: Kaplan-Meier estimates for chemotherapy 
(transplanted patients censored) 

Parameter n p-EFS±SD 

T -cell phenotype 30 0.04 ± 0.04*** 
Non-T -cell phenotype 481 0.28± 0.03 

Isolated BM early 152 0.01 ± 0.01*** 
Combined BM early 73 0.24±0.06 

Isolated BM late 130 0.29±0.05* 
Combined BM late 54 0·51±0.07 

Late BM, blasts > 10 G/L 54 0.19 ±0.08 
Late BM, blasts < 10 G/L 259 0·41±0.04 

Late isolated BM, no CNS Rx' 74 0.21 ± 0.06** 
Late isolated BM with CNS Rx' 87 0.47±0.07 

'DFS from end of R-courses (earliest time for CNs 
irradiation) 
*P<0.05, **P<O.OI, ***P<O.OOI 

1.0 

0.5 

'. 
" 

chemotherapy. The Kaplan-Meier estimates 
show a highly statistically significant difference 
in outcome between both groups (Fig. 2). In 
contrast, allogeneic BMT is not superior to 
chemotherapy in children with late BM relapse 
who had received radiation therapy to the CNS 
for either isolated or combined marrow relapse. 
For 16 children who had been more than 3 years 
off front-line therapy the prognosis is even .82 
± .11 with chemotherapy (Fig. 3). The curve for 
all patients transplanted for late relapse ends at 
a plateau of .55 ± .08, and there are four late sec
ond events which are not to be seen in children 
transplanted for eady relapse. 

Fig. 4 shows EFS curves for all 540 patients. 
The lower curve refiects results obtained with 
chemotherapy (BMT patients censored), and in 
the upper curve an transplanted patients are 
counted as transplants. It can be seen that BMT 

1--___________ .71 (SO = .08) 

(f) 

u.. 
w 

-"-1., 

"---, -----._----- -----. ------ -- -- -------- ----- .14 (SO = .04) 

Fig. 2. Comparison of the prob
ability of event-free survival 
between chemotherapy and alo
geneic BMT for patients with 
early BM relapse. Tick mark 
respresents last follow-up 

p < .001 
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yields only a 4% gain to the prognosis of the 
total group. 

Discussion 

To our knowledge this report represents the 
largest quite uniformly treated group of children 
with first ALL BM relapse who had initially been 
treated according to intensive front-line proto
cols and have been followed for up to 10 years 
after relapse. With front-line therapy as applied 
in these patients long-term remission is already 
in the range of 70%. About one third of relapsed 
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children is apparently curable at the second 
attempt. The question whether or not results of 
salvage therapy are really influenced by the 
intensity of front-line treatment cannot be 
answered properly because there is no trial to 
confirm this assumption. But theoretically 
intensive first-line therapy is likely to exert a 
strong selection pressure leading to highly resis
tant residual leukemic cells, and clinical trials 
on intensively pretreated patients have shown 
disappointing results [5, 10]. At least, it appears 
that front-line therapy may not be irrelevant for 
the discussion and comparison of salvage treat
ment results. 



Several strong pretherapeutic and therapeutic 
prognostic factors could be determined which 
have to be considered, in particular as to the 
question whether or not patients should be 
referred to matched sibling donor BMT or even 
matched unrelated BMT. 

In this large series of patients it is possible to 
demonstrate that pro gnosis is more or less 
steadily improving with longer duration of first 
remission preceding relapse. Nearly all patients 
of the ALL-REZ trials had received front-line 
treatment for 2 years, so me of them only 18 
months. This has to be considered when com
paring results of different trials for relapse. 
Definitions for late and early relapse may be 
seemingly the same, i.e., later than six months 
after the end of front-line therapy or earlier. 
However, since the duration of front-line thera
py varies in different study groups duration of 
first remission may differ considerably despite 
the "same" definition [2, 91. Nevertheless, time 
remains the strongest independent prognostic 
variable in case of relapse. Obviously 2nd CR 
rates are much lower in early relapse indicating 
drug resistance of the leukemic cell population. 
This has also been described by other authors 
[11, whereas also overall remission rates of 87'Yo 
have been reported in early marrow relapse 
patients[21. However, since in all trials 2nd 
remission durations are short for these children, 
achieving 2nd CR may be only a poor parameter 
to assess the quality of therapy. 

In patients with late first relapses remission 
rates are higher but they tend to experience 
again late 2nd relapses. Surprisingly, this is not 
only observed in chemotherapeutically treated 
patients but also following allogeneic BMT. The 
finding that with either treatment modality the 
period at risk is different between early and late 
relapses probably refiects different proliferation 
kinetics of the leukemic cell population. 

The second independent adverse prognostic 
factor is T -cell phenotype. Recurrence of T -ALL 
indicates a very PQor outcome. Remission rate 
was only 70% in our patients and the median 
time to subsequent relapse was as short as 3 
months. Overall data of the ALL-REZ trials - not 
only from protocol patients - point in the direc
tion that also allogeneic BMT has disappointing 
results in T-ALL. Only 1 out of 14 patients 
remained in CR following BMT (data not 
shown). It appears, therefore, that recurrent 
T-ALL is highly resistant to any treatment 
modality. 

The observation that combined BM relapse 
carries a significantly better prognosis than iso
lated BM relapse was recently published[41. It 
could be shown that this is not dependent on the 
degree of BM infiltration as one would argue. A 
more likely explanation is that occult extrame
dullary leukemia exists in a number of patients 
presenting with apparent isolated BM relapse 
and has not been treated accordingly, whereas 
additional leukemic manifestations are known 
and locally treated in children with overt 
extramedullary and BM relapse. This assump
tion would be in context with the finding that 
the prognosis was markedly improved by effec
tive preventive radiation therapy to the CNS in 
children with late isolated marrow relapse[31. 
However, since prognosis was not improved for 
children with early isolated BM relapse by this 
measure there must be additional factors, pre
sumably different drug resistance profiles, to 
satisfactorily explain the observed phenomena. 

Allogeneic BMT may be of high value for 
individual patients. The greatest benefit in our 
series could be shown for children with early 
BM relapse whereas no difference exists in late 
relapse. Because numbers of transplanted 
patients are still small one can only speculate 
about these findings. Differences in proliferation 
kinetics as mentioned above might be a reason 
that in early relapses leukemic cells are more 
susceptible to high-dose chemo-/radio-condi
tioning therapy than in late relapse, where dor
mant cells might survive even ablative therapy. 
There is no reason to believe that the BMT
linked immunotherapy, Le., the GvL effect 
would be different in late or early relapses. 
According to our data matched sibling donor 
BMT is definitely indicated in early relapse. In 
late relapse, however, there is no proof for 
improvement of prognosis. By no means 
matched unrelated BMT would be justified in a 
child with late BM relapse since the mortality 
related to this procedure is presently still in the 
range of about 40%. 

The positive impact of BMT on the pro gnosis 
of the total population of relapse patients is only 
marginal. Only 14% of children were finally 
transplanted despite a statistical chance of about 
25% to find a matched sibling donor. Major rea
sons for the low transplantation rate are that 
either a stable 2nd remission was not achieved 
or the duration of 2nd CR was too short for 
timely referral of patients to BMT. Thus, BMT 
remains only a relative treatment option and 
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transplantation results are based on a selected 
group of patients. 

In summary, curative retreatment is possible 
for about one third of children with ALL mar
row relapse. Independent prognostic factors are 
duration of first remission and T -ceU 
immunophenotype. Prognosis in marrow 
relapse is superior if extramedullary sites are 
concomitantly involved. Effective preventive 
therapy to the CNS is essential for successful 
retreatment. AUogeneic BMT, though higWy 
effective in individual patients, contributes only 
marginal to the prognosis of the total relapse 
population and should be carefully considered 
based on the individuaUy underlying conditions. 
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Abstract. In a first study (1986 to 1992) the 
German Relapsing ALL Study Group 
(GRALLSG) has treated 67 adult patients with a 
first relapse of ALL. A first phase of induction 
consisted of vindesine, daunorubicin, asparagi
nase, and prednisone, a second phase of high
dose cytosine-arabinoside (Hd ara-C) and VPI6. 
Results: 45 CR, 2 PR, 13 failures, 7 early death. 25 
patients received a BMT. 10 had an allogeneic 
BMT in CR, 5 after another relapse or with 
refractory disease. Of 10 with autologous BMT 8 
have been in 2nd CR. Only 4 of all 67 patients 
are surviving without relapse: One after unrelat
ed BMT (36+mo), two after autologous BMT in 
2nd CR (46+,64+mo), and one after chemo
therapy (61 + mo). One patient has been lost in 
relapse. The median survival is 7.2 months and 
the overall survival 4% after 5 years. The dura
tion of the first CR was an important risk factor 
for response to induction. Patients are accord
ingly stratified in a new protocol. Patients with a 
preceding 1st CR< 18 months receive Hd ara
C/idarubicin. The others are treated with the 

phase I of the previous protocol and a consoli
dation of Hd MTX, ifosfamide, prednisolone, 
ara-C and VPI6. Furtheron a phase IIII trial is 
performed in patients with refractory disease 
or multiple relapses to evaluate the activity of 
2-CDA. 

Introduction 

The primary treatment of acute lymphocytic 
leukemia (ALL) has been considerably im
proved. Therefore allogeneic BMT has been 
postponed to 2nd remission by the German 
Multicenter ALL Study Group for patients with 
T -ALL and low risk patients. However the prog
nosis of relapsing acute lymphocytic leukemia is 
still very poor. Salvage therapy for these patients 
is clinically important and challenging. 

The German Relapsing Acute Lymphocytic 
Leukemia Study Group has tested several 
approaches to this problem on which we hereby 
report. 
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Long-Term Results of Study 01/87 

Patients and methods. In a first study sixty-seven 
patients have been treated for first relapse of 
acute lymphocytic leukemia. All patients have 
been pretreated with the BMFT-regimen [8-10]. 

The patients have been recruited in 18 cen
ters. There were 47 men and 20 women. The 
patients' median age was 29.7 years (range 16.0 
to 62.2 years) and the mean duration of the pre
ceding remission was 21 months (range 1 to 80 
months). Forty patients had a B-precursor ALL, 
5 of them identified as being Ph'+. Twenty-two 
patients had a T-precursor ALL, 4 o-ALL and in 
one patient the immunophenotype has not been 
identified. 

Induction phase I consisted of prednisone 
(60 mg/rn' PO on days 1-21), vindesine (DV A 3 
mg/rn' IV on days 1, 8, 15), daunorubicin (DNR 
45 mg/rn' IV on days 1, 8, 15), and erwinia
asparagin ase (10,000 D/m' IV on days 7, 8, 14, 
15). For CNS-prophylaxis methotrexate was 
given Lt. (MTX 15 mg on days 1, 8). In patients 
with no detectable remaining bone marrow infil
tration on day 21 hematopoietic recovery was 
allowed before start of the second induction 
phase. Patients with remaining blast infiltration 
were started with phase 11 of induction after 
recovery from organ-toxicity and after stabiliza
tion of the clinical status. Induction phase 11 
consisted ofhigh-dose cytosine-arabinoside (Hd 
ara-C 3 glm' as a 3 hinfusion 2 times daHy on 
days 1-4), and etoposide (VPI6 100 mg/rn' IV on 
days 1-5). In patients over 50 years intermedi
ate-dose (Id) ara-C was given (1 glm' 2 times 
daHyon days 1-4). In some patients a consolida
tion was given as previously reported [2]. 

Results. Forty-five (67%) of 67 patients achieved 
a complete remission: 35 patients after phase I, 
and 10 after phase 11 of induction. Two patients 
had a partial remission, and 13 patients did not 
respond. Seven patients died during treatment 
(10.4%). Details on the treatment results in sub
groups are given below. 

Toxicity data on the regimen have been pre
viously published [2]. In this progress report we 
will concentrate on the long-term prognosis of 
the patients. 

The median duration of disease-free survival 
(DFS) was 3.6 months with only 13% of the 
patients remaining disease-free at 5 years 
(Figure 1). The median overall survival (OAS) 
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Table 1. Treatment results in study 01/87 for several 
subgroups 

Subgroup n CR PR NR ED 

B-Precursor 40 73% 3% 20% 5% 
T -Precursor 22 55% 5% 18% 23% 
Preceding 

CR<18 mo 36 56% 6% 25% 14% 
Preceding 

CR>18mo 31 81%* 13% 6% 
Ph'+ 5 40% 20% 40% 

*Difference statistically significant (Chi-square test) 

was 7.2 months ending at 4% at 5 years 
(Figure 2). 

Twenty-five patients have been submitted to 
bone marrow transplantation (BMT). Allogeneic 
BMT in 2nd CR: 10, autologous BMT in CR: 8, 
allogeneic later or with refractory disease: 5, 
autologous BMT later: 2 patients. The influence 
of BMT on the survival of the whole patients' 
group is shown in Figure 3. When patients with 
BMT are not censored the median survival is 
unchanged and the longterm prognosis drops to 
o due to a late death of a patient after allogeneic 
BMT. However with longer observation time 
there may be a favourable trend for BMT. 

Currently only four of the 67 patients are 
alive: 2 after autologous BMT, one after HLA
matched unrelated BMT and one after chemo
therapy alone. A single patient has been lost 
when returning to Turkey with refractory dis
ease. In all other patients follow-up is complete 
and updated on February 1st, 1994. 

Study02/92 

In 1992 a second study was started. It had the 
rationale to shorten the induction period and to 
bring as much patients as possible forward to 
intensive consolidation with autologous or allo
geneic bone marrow transplantation. 

Patients and methods. Patients with a 1st preceding 
CR below 18 months receive an induction thera
py with three days of 2 x 3 glm' Hd ara-C and 12 
mg/rn' idarubicin IV followed by filgrastim 5 
flglkg SC daily. In patients over 50 years the 
doses are reduced to 2 X 1 g/m' (Id araC) and to 
8 mg/rn' idarubicin. 

Currently 23 patients have been enroled (16 
men and 7 women). The patients' mean age is 



Fig. 1. Disease-free survival of 
67 patients treated for 1st relapse Median: 3.6 
of ALL (study 01/87). Patients 
with BMT are censored at the 0.8 
time of the procedure 
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Table 2. Interim results for study 02192 

Preceding CR 

<18mo >18mo 

Complete remission 10 43% 5 71% 
Partial remission 
Failure 11 48% 
EarlyDeath 4% 14% 
Not evaluable 4% 14% 

37.5 years (range 21 to 59 years). The mean dura
tion of the preceding remission was 8 months in 
this group. Seventeen patients had a B-precur
sor ALL, 7 of them identified as being PhI + . 
Four patients had a T-precursor ALL, one a 
mixed leukemia and in another patient the 
immunophenotype has not been reported. 

Patients with a preceding 1st CR of more than 
18 months receive the unchanged induction 
phase I of the protocol 01/87 and a consolidation 
with Hd MTX (5 g 24 hinfusion day 1 with a 
reduced folinic acid rescue), ifosfamide (1.5 g/m2 

IV days 1-4), prednisolone (60 mg/m2 PO days 
1-4), ara-C (500 mg/m2 escalated to 1,000 mg/m2 

IV on days 3-4) and etoposide (100 mg/m2 esca
lated to 250 mg/m2 IV on days 3-4). 

In this arm of the study 7 patients have been 
enroled (3 men and 4 women) with a mean age 
of 30.5 years (range 17 to 49 years). The mean 

* Participating Centers in the German Relapsing Acute 
Lymphocytic Leukemia Study Group (GRALLSG): 
Departments of Hematology and Oncology at the 
RWTH Aachen (S. Handt, H.G. Sieberth); Freie 
Universität Berlin, Klinikum Steglitz (W. Knauf, J. 
Maurer, E. Thiel); Krankenhaus St. Jürgen Strafle, 
Bremen (U. Kubica, H. Rasche); Universität Düssel
dorf (A. Heyll, W. Schneider); St. Johannes-Hospital, 
Duisburg (e. Schadeck-Gressel, M. Westerhausen); 
Universität Erlangen (M. Gramatzki, J.R. Kalden); 
Medizinische Klinik und Poliklinik, Gesamthoch -
schule Universität Essen (e. Kasper, G. Brittinger); 
Westdeutsches Tumorzentrum, Gesamthochschule 
Universität Essen (M.R. Nowrousian, S. Seeber); 
Evangelisches Krankenhaus Essen-Werden (e. Tirier, 
W. Heit); Universität Frankfurt (B. Völkers, H. Martin, 
A. Ganser, D. Hoelzer); Universität Freiburg (L. Kanz, 
R. Mertelsmann); Universitätsklinikum Hamburg
Eppendorf (S. Peter, J. Dierlamm, D.K. Hossfeld); 
Allgemeines Krankenhaus St. Georg, Hamburg (J. 
Dethling, R. Kuse); Evangelisches Krankenhaus 
Hamm (A. Grote-Metke, L. Balleisen); Medizinische 
Hochschule Hannover (H. Diedrich, H. Link, M. 
Freund); Universität Heidelberg (M. Bentz, R. Haas, 
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duration of the preceding remisslOn was 28 
months. Three patients had a B-precursor ALL, 
none of them identified as being Ph1+. Each 2 
patients have a T-precursor and a o-ALL. 

Results. The treatment results are summarized in 
Table 2. Five of the seven Ph1+ ALL in the group 
with a preceding remission below 18 months 
have achieved a complete remission (1 PR, 
another patient too early to evaluate). The fol
low-up is too short for a valid information on 
remission duration or survival. By now, the 
results are not significantly different to the pre
ce ding study 01/87. 

Treatment of Refractory ALL 
with 2-Chlorodeoxyadenosine 

In order to evaluate the activity of new cytotoxic 
drugs a phase I-II study has been started with 2-
chlorodeoxyadenosine (2-CDA) for patients 
with refractory ALL or multiple relapses. 2-CDA 
is given as a continuous 24 h IV infusion for five 
days at dose levels of 11, 13 and 15 mg/m2 daily. 
Five patients will be treated on each dose-step. 

As on February 1st, 1994 four patients have 
been enroled, 3 with refractory disease and 
another with 2nd early relapse. Two patients 
have responded with areduction of the periph-

W. Hunstein); Universität Homburg/Saar (R. Schmits, 
M. Pfreundschuh); Städtisches Krankenhaus Kaiser
slautern (M. Hartmann); H. Medizinische Klinik, 
Klinikum Karlsruhe (S. Wilhelm, Th. Fischer); 
Städtische Kliniken Kassel (B. Eggeling, W.D. 
Hirschmann); Universität Kiel (W. Gassmann, N. 
Schmitz, H. Löffler); Universität Köln (M. Schwonzen, 
V. Diehl); Städtische Krankenanstalten Krefeld (M. 
Weitmann, M. Prumbaum, K. Becker); Medizinische 
Universität Lübeck, Arbeitsgruppe Tumorzytogenetik 
(H. Rieder, C. Fonatsch); Universität Mainz (K. Kolbe, 
C. Huber); Onkologisches Zentrum der Fakultät für 
Klinische Medizin, Mannheim (W. Queifler); Techni
sche Universität München (A. Hanauske, J. Rastetter); 
Universität Münster (P. Koch, Th. Büchner, J. van de 
Loo); 5. Medizinische Klinik, Klinikum Nürnberg (H. 
Wandt, W.M. Gallmeier); Diakonissen-Krankenhaus 
Stuttgart (R. Mück, M. Siegel, E. Heidemann); Robert
Bosch-Krankenhaus Stuttgart (B. Löffler, K. 
Schumacher); Universität Ulm (G. Heil, R. Arnold, K. 
Pompe, C.R. Bartram, H. Heimpel); Universität 
Würzburg, Medizinische Poliklinik (P. Meyer, K. 
Wilms). 



eral blast counts. No neurotoxicity has been ob
served. Further patients are currently recruited. 

Discussion 

Despite all progress in the primary treatment of 
ALL the prognosis of patients with relapsing dis
ease is very poor. 

Eleven studies on modern combination 
chemotherapy with more than 20 adult patients 
with relapsing or refractory ALL have been pub
lished [1,3-7,11-15]. CR-rates from 26 to 75% 
have been reported. Comparable results have 
been achieved in the studies of the German 
Relapsing Acute Lymphocytie Leukemia Study 
Group*. In patients with a preceding remission 
below 18 months the remission rate reported by 
Giona [4] has been exactly reproduced. 

Sufficient data on the remission duration and 
the long-term survival are rarely given in studies 
on relapsing ALL. With the data of our first 
study being now mature it is obvious that only 
few patients will achieve long-term survival 
despite intensive induction therapy and despite 
the intent to offer high-dose chemotherapy with 
allogeneic or autologous bone marrow trans
plantation to as many patients as possible. A 
comparable long-term follow-up is given only in 
the publication of the GIMEMA/AIEOP [5]. 
Although children are included, the longterm 
survival has been similar as in our study ranging 
from 7'Yo to 18% at 3 to 4 years according to sub
groups. 

We conclude that we have the obligation to 
systematieallY investigate novel treatment con
cepts for relapsing acute lymphocytic leukemia 
including new cytotoxic drugs, immunotherapy 
and high-dose chemotherapy. Relapsing acute 
lymphocytic leukemia is a disease extremely 
resistant to chemotherapy and easy to detect 
with molecular biologie approaches. It can serve 
as a model to study new strategies for the cancer 
problem. 
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Introduction 

A considerable success was achieved in adult 
ALL treatment, as the long-term disease-free 
survival for CR patients is reported to be 19-72% 
according to the risk factors [1,2,31. But still 
relapses occur in many patients and account for 
most treatment failures. Another category of 
poor prognosis patients are those withrefrac
tory disease (10-15%). The majority of treatment 
schedules for relapsed and resistant ALL now 
include high dose ARA-C (HD ARA-C) in com
bination with different cytostatic drugs and pro
vide 38-64% of second CR [4,5,6,71 Taking in 
consideration the sufficient toxic (especially 
non-hematologic) effects of HD ARA-C regi
mens we introduced a new protocol RACOP and 
evaluated its efficacy in the high risk groups of 
patients. 

Patients and Methods 

Between August 1987 and August 1993, 34 
patients with advanced ALL (16 men, 18 women; 
median age 26 years; range 16 to 60 years) were 
enrolled in the study. 17 patients with refractory 
disease were hardly pretreated: median dura ti on 
of previous treatment was 7 months (range 2 to 
12 months) and it consisted of vincristine, 
daunorubicin, prednisone for 4 weeks followed 
by cytarabine, 6-mercaptopurine, cyclophos
phamide for 4 weeks, or short repeated courses 
with the same drugs in different combinations 
(COAP, VAMP). It should be noted that in many 

of these cases the doses of cytostatic drugs were 
not adequate as the majority of patients were 
treated in the regional hospitals before being 
admitted to the department of hematological 
oncology and BMT of National Research Center 
for Hematology. So refractorness was some
times determined according to the duration of 
previous uneffective treatment (more than 2 
months). CNS prophylaxis was carried out with 
intrathecal methotrexate, cytarabine and pred
nisone. 17 patients had a relapsed ALL: median 
duration of the first CR was 8 months; range 2 to 
30 months. Only one patient had a prolonged 1 
CR - 30 months, all the others - less than 12 
months. And one patient was in his second 
relapse (1 CR-22 months, 2 CR - 20 months). 

Remission induction consisted of one or two 
courses RACOP: rubomycine (daunorubicin) 45 
mg/rn' i.v. 1-3 days, ara-c 100 mg/rn' i.v. bid 1-7 
days, cyclophosphamide 400 mg/rn' i.V.1-7 
days, oncovin 2 mg i.v.1,7 days, prednisone 60 
mg p.o. 1-7 days. The following postremission 
therapy was conducted according to the same 
protocol, but 1/3 dose reduction of cyclophos
phamide and ara-c was needed in some patients 
during maintenance. The intervals between re
induction courses were 4-5 weeks. 

Evaluations with physical examination, stan
dard laboratory tests and bone marrow aspirates 
were done before each course of treatment. 
Toxicities were evaluated according to World 
Health Organization (WHO) criteria and res
ponse according to the criteria of the Cancer 
and Leukemia Group B (CALGB). Survival was 
analyzed according to Kaplan and Meyer. 

National Research Center for Hematology, Moscow, Russia 



Patients undergoing BMT were censored for 
overall and disease-free survival. 

Results 

Thirty four patients have been treated, sixteen 
patients were in first relapse, one patient was in 
second relapse, seventeen had no complete 
remission after primary induction treatment. 

All patients received RACOP as induction 
treatment. Detailed information on the extent of 
treatment administered and the reasons for 
termination are given in Table 1. 

Toxicity during and after applied treatment 
was evaluated in all patients. Except nausea and 
vomiting (WHO Grade 1-2 in 15 pts, Grade 3 in 
2) there were no direct toxic effects of the regi
men. The main side effects were due to myelo
toxicity with subsequent infections and 
hemorrhages that became the cause of death in 8 
patients. The median duration of granulocy
topenia WHO Grade 4 was 18 days, Grade 3-4 -
21 days. Thrombocytopenia WHO Grade 4 was 
encounted in all patients. Results of induction 
treatment according to the stage of ALL are 
reflected in Table 2. 

Survival for all patients who ente red the 
study (overall survival) and for those in whom 
CR was obtained (disease-free survival) is repre
sen ted on Figure 1. and Figure 2. Patients with 
autologous BMT in eR are censored at time of 
BMT. The median duration of CR for resistant 
ALL was 8 months and for relapsed ALL - 6 
months. One patient with refractory disease is 

alive and weIl for 86 months and one patient 
with her first relapse, subsequent 2 CR and 
autologous BMT is alive and weIl for 78 months. 

Discussion 

Primary therapy for acute lymphoblastic 
leukemia is now weIl established, and high 
remission rates and long-term survival are seen 
in large proportion of adults. At the time of 
relapse, patients frequently can achieve second 
remission with the same drugs that had induced 
remission initially [7,8] But long-term results 
are poor so high-dose ARA-C was introduced in 
the protocols for advanced ALL. Rates of CR 
were reported from 38% to 72% [4,5,6,7]. 
Nevertheless prolonged survival and duration of 
2 CR remains poor - 2-7 months. It was proved 
that the duration of first remission (more or less 
than 12 months) had a significant impact on 2 
CR length [4,6,7]. In this aspect the group of 
patients reported he re represent mostly unfa
vorable category of patients with advanced ALL. 
It's a pity but we don't possess an information 
on immunophenotyping of leukemic cells. But it 
appeared that there were no striking differences 
in 2 CR rate and survival in respect with 
immunophenotype of ALL [6] . Another point is 
non-hematological toxicity of high-dose ARA-C 
that limits the wide use of this approach. It is 
noticed that diarrhea WHO grade 1-3 occurs in 
57%-63% of patients, mucositis WHO Grade 1-4 
- in 97%, hepatic toxicity WHO Grade 1-3 - in 
67'Yo, cutaneuos reactions WHO grade 1-3 - in 

Table 1. Status of treatment and reasons for discontinuation of therapy 

Treatment 

RACOP-induction 
Postremission 

Treatment plan 
completed 

34 
16 

BMT: bone marrow transplantation 

Reasons for discontinuation 

Death Refractory BMT Relapse 

8 10 

2 12 

Table 2. Results of induction in relapsed and resistant ALL 

Complete Remission Death Refractory 
Acute Lymphocytic 
Leukemia No Percent No Percent No Percent 

Relapsed (n = 17) 7 41 4 23,5 6 35,5 
Resistant (n = 17) 9 53 4 23,5 4 23,5 
Total (n = 34) 16 47 8 23,5 10 28,5 
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Fig. 1. Overall survival after RACOK treatment for 17 resistant (1) and 17 relapsed (2) ALL patients 
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Fig.2. Disease-free survival after RACOP treatment for 9 resistant (1) and 7 relapsed (2) ALL patients 

51%, eyes involvement WHO Grade 1-2 - in 5%-
22%, cerebellar WHO Grade 1-3 - in 8% [4,6]. 
Therefore mainly myelosuppressive effect of 
RACOP was considered to be an advantage of 
this schedule. Surely prolonged cytopenia and 
profound immunosuppression particularly due 
to high dose cyclophosphamide contributes to a 
high rate of infectious complications, but 
antileukemic effect of this course was found to 
be satisfactory. The median duration of 2 CR or 
CR in resistant ALL is among the best ever 
reported. From our point of view these results 
can be explained by maintenance treatment 

after CR achievement and perhaps by different 
state of refractorness in our patients. Of course 
further studies are needed especially in the 
groups of homogeneously pretreated patients. 
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Treatment of Philadelphia Chromosome Positive ALL with Interferon Alpha 

J. 1. Harousseau', F. Guilhot, P. Casassus, and D. Fiere 

Abstract. Philadelphia positive (Ph) Acute 
Lymphoblastic Leukemia (ALL) constitutes 20 to 
25% of adult ALL. The management of Ph + ALL 
is difficult and even if complete remissions (CR) 
can be achieved with conventional chemothera
py, they are usually short and the long-term dis
ease free survival is less than 10%. Following the 
initial report by Ohyashiki et al. (Leukemia 1991, 
5: 611,) showing encouraging results in 3 patients, 
we have tried to maintain CR induced by con
ventional chemotherapy with a Interferon. Eight 
patients (5 male, 3 female) aged 38-66 years 
(med 57) who had achieved CR with various 
induction regimen received a Interferon (a IFN) 
after consolidation chemotherapy. Six patients 
were in first CR of de novo Ph positive ALL, one 
patient was in second CR after a relapse post 
allogenic bone marrow transplantation, one was 
in CR after lymphoid blast cusis of chronic 
myeloid leukemia (CML). The dose of a IFN var
ied from 3 M IU/m23 times weekly (4 patients) to 
5 M IU 1m2 daily. Of the 8 patients 6 relapsed 1 to 
11 months (median 3) after initiation of a IFN 
therapy. In 2 cases hematological relapse was 
preceded by cytogenetic relapse (4 and 3 months 
before). Two patients remain in continous CR at 
8 and 14 months. These preliminary results do 
not appear to confirm the initial positive results. 
However, more patients are needed to assess the 
exact place of a IFN in Ph + ALL. 

Introduction 

Philadelphia Chromosome pOSItive ALL re
mains one of the most difficult issues in the 

therapy of ALL [1]. The incidence of Ph positive 
ALL increases from less than 5% in children to 
more than 40% in patients over the age of 50 [2, 
4]. The overall incidence of Ph positive cases in 
adult ALL is estimated around 25%. The prog
nosis of Ph positive ALL remains very poor. The 
complete remission (CR) rate appears to be 
somewhat lower than in other adult ALL 
(50-80%) but mostly the duration of remission 
is shorter. With conventional chemotherapy, the 
Leukemia free survival (LFS) does not exceed 
20% at 2 years and is 0% at 5 years [1,51. 

Recently Roberts et al. have reported 4 long 
term remissions out of 11 children with Ph posi
tive ALL treated with aggresive induction/con
solidation followed by rotational treatment with 
non cross resistant drugs [6]. However the role 
of intensive chemotherapy remains to be deter
mined, specially in adult patients. 

Autologous bone marrow transplantation is 
another approach but preliminary experience is 
in favour of a high relapse rate despite intensive 
preparative regimen [7, 9]. Allogenic bone 
marrow transplantation is the only possibility 
for obtaining long term remissions [10,11]. Data 
from the International Bone Marrow Transplant 
Registry show a 2 year actuarial probability of 
LFS of 38% for patients in first CR [111. 

Alpha Interferon (a IFN) is an effective treat
ment of CML [12]. It frequently induces hemato
logical remissions and sometimes complete 
cytogenetic responses. This observation led sev
eral authors to use a IFN in PhI positive ALL 
after relapse [13, 141 or in first CR [151. We report 
here our experience on 8 adult patients with ALL 
in CR treated with a IFN as maintenance therapy. 

Department ofHematology, Hötel Dieu, CHU Nantes, 44035 Nantes, France 



Clinical Observations 

Wehave collected the records of 8 adult patients 
with Ph positive ALL in CR treated with a IFN 
as maintenance therapy. 

One 38 year old man was treated with a 
combination of Hydroxyurea and a IFN for 
CML. Nine months after the diagnosis of CML 
he was in blast crisis of ALL type. After failure of 
a Vincristine-Prednisone regimen he achieved 
CR with a combination of Mitoxantrone-Inter
mediate dose ARAC-C. He was treated immedi
ately with ra2b IFN (5MU/m2/Day) but relapsed 
2 months later. 

One 30 year old man was treated for de novo 
pre B Ph positive ALL. He achieved CR with a 
combination of Idarubicin and Intermediate 
Dose ARA-C. He then underwent an allogenic 
bone marrow transplantation but relapsed 5 
months later. A second CR was obtained by 
Vincristine and Prednisone. He received main
tenance treatment with rmb IFN (5MU/m2/Day) 
but relapsed within six weeks. 

Six patients were treated in first CR of 
de novo Ph positive ALL. Their c1inical data are 
in Table 1. 

Table 1. Ph+ ALL IN FIRST CR 

Four of the 6 patients relapsed at 4 weeks, 13 
weeks, 16 weeks and 47 weeks. Two patients 
remain in hematological remission (32 weeks, 14 
months) but one is in cytogenetic relapse. 

Discussion 

Partial or complete loss of a and ß IFN genes 
located on chromosome 9 has been demonstrated 
in malignant cells from patients with ALL [16,17]. 
Moreover even in patients with apparently nor
mal IFN genes, other abnormalities of the inter
feron system (IFN production, a IFN receptors, 
IFN induced enhancement of 2'5' A synthetase) 
have been described [18]. Finally, evidence of 
direct in vitro cytotoxicity against ALL blasts has 
been reported recently [191. These observations 
may represent a rationale for the use of a IFN a 
least in some subgroups of ALL. PhI positive ALL 
could be one of these subgroups since a IFN 
induces hematological responses and partial or 
even complete cytogenetic responses in PhI pos
itive CML [12]. However it should be noticed 
that a IFN is usually not effective in CML in 
blast crisis. 

Remission 
Age WBC Induetion Consolidation aIFN Duration 

D, V,Asp,P P,Ara,Mi,E 
1 52 2·4 Asp, I, Ara ABMT 3M/D 

Mi,V,P V.P. 
2 56 35-4 I, Ara P, Ara, Mi, VP 3 MU/m 2/D 

Ad, Asp, Ara 3 MU/m2 

3 43 3-4 D,V,P Ad,P,V 3T week 
BEAC MTX 

3MU/m' 
4 63 33.6 D,V,C,P D, Ara, Asp 3T week 

6MT+MTX 
3MU/m' 

5 66 22 D,V,C,P D,Ara, Asp 3Tweek 
6MP+MTX 
3MU/m' 

6 58 5 D,V,C,P D,Ara, Asp 3T week 
6MT+MTX 

*Cytogenetic relapse after 25 W; **Cytogenetie relapse 

Abbreviations: 

WBC: White Blood Cells 
D: Daunorubicine 
V: Vineristine 
Asp: Asparaginase 
P: Prednisone 
C: Cyclophosphamide 
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AIFN: a Interferon 
Are: ARA-C 
Mi: Mitoxantrone 
Ad: Adriamycine 
MTX: Methotrexate 
GMP: G Mercaptopurine 

E Etoposide 
B:BCNU 
W:Week 
M:Month 

4W 

16W 

47W* 

13W 

32W+** 

14M+ 



Several investigators have used a IFN in the 
treatment of Ph positive ALL. Ochs et al. have 
given a IFN to 31 children with ALL in first on 
chemotherapy marrow relapse as the sole treat
ment (30MU/m'/day intravenously) before stan
dard chemotherapy. They have obtained only 2 
partial remissions. Out of the 23 patients achiev
ing CR with subsequent chemotherapy, 22 
received a IFN maintenance at a dose of 30 
MU/m'/day for 3 consecutive days every 3 weeks 
in combination with multiagent chemotherapy. 
Five patients remained in continuous CR for 26 
to 35 months. The administration of a IFN did 
not compromise the intensity of chemotherapy 
but the interest of this combination is question
able in this study. 

Haas et al. have treated 2 patients with re
combinant a2c IFN. One in second marrow 
remission relapsed rapidly under a IFN therapy 
(2 x 106 U/D). In the other case, chronic phase 
CML evolved six months after the end of ALL 
therapy. Daily treatment with 2 MU a IFN was 
initiated after failure ofHydroxyurea and hema
tological remission was achieved. When the 
daily dose was increased to 4 MU a nearly com
plete cytogenetic remission was obtained and 
had been maintained for 22 months at the time 
of publication. 

Ohyashiki et al reported the results of a IFN 
as maintenance therapy in 3 out of 7 patients 
with Ph positive ALL. Two of them were in 
hematological CR but their marrow caryotype 
was Ph positive. 

Reduction of the percentage of Ph positive 
marrow metaphases was obtained by a IFN 
therapy and they remained in remission for 8 

months and 13 months. The third one was treat
ed with a IFN immediatly after achieving CR 
but the follow up was only 3 months at the time 
of publication. In a more recent paper, the same 
authors stated that the 3 patients were still alive 
but did not give information on their hemato
logical and cytogenetic remission status [20]. 

Our results appear to be rather disappointing 
since 6 out of 8 patients relapsed (5 witlIin 4 
months of a IFN maintenance therapy). Of the 
6 patients in first CR only two remain in hema
tological CR for 8 and 14 months and one of 
them is in cytogenetic relapse. These 2 patients 
actually received a combination of a a IFN and 
classical maintenance treatment with mercap
top urine and methotrexate. 

The apparent discrepancy between our expe
rience and Ohyaskiki's paper [15] cannot proba-

bly be explained by tlIe dose of a IFN. We have 
used doses ranging from 3 MU/m' 3 times a 
week to 5M/m'/Day. The doses used in 
favourable cases range from 2 MU/D to 4 MU/D 
[14, 15]. Another explanation is proposed by 
Ohyashiki [20]. At the molecular level Ph posi
tive ALL consists of two subsets [2, 5]. In the 
first subtype, the molecular defect is identical to 
that seen in CML in which the breakpoints on 
chromosome 22 are within the major breakpoint 
cluster region (M-BCR). In this subtype the 
fusion gene is translated into a 210 KD chimeric 
protein. In the second subtype the chromosome 
22 breakpoint is upstream of the M-BCR region 
in a region called minor breakpoint cluster 
region. In this subtype, a 190 KD protein is pro
duced. The vast majority of pediatric Ph positive 
ALL and 50-70% of adult cases are of the P190 
type. 

Ohyashiki stated that the biological behav
iour of Ph positive ALL could pastly depend on 
the type of molecular defect and that a IFN ther
apy could be useful in cases with the molecular 
defect seen in CML. The 3 cases he reported as 
weH as the case described by Haas had the 
M-BCR rearrangement. 

This hypothesis should be confirmed by 
larger series. Currently the results are not suffi
cient to propose a IFN maintenance for all adult 
patients with Ph positive ALL. 
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Six Vears' Experience with Treatment of Recurrent Childhood Lymphoblastic 
Leukemia. Report of the Polish Children's Leukemia/Lymphoma 
StudyGroup 

J. Boguslawska-Jaworska',A. Chybicka', J. Arrnata', W. Balwierz" H. Bubala4, B. Filiks-Litwin', J. Kowalczyk', 
D. Lukowska4, M. Ochocka', U. Radwanska3, R. Rokicka-Milewska4, D. Sonta-Jakirnczyk', W. Stronjny4, 
and E. Zelenay< 

Abstract. Between June 1987 and April 1993, 147 
children aged from 2-18 years (47 girls and 100 
boys) with first relapse of acute lymphoblastic 
leukemia were included to the study. The chil
dren were treated according to the BFM 85 ALL 
relapse protocol. There were 91 cases with early 
and 56 cases with late relapse (BM-72, local-50, 
combined-22, others-3). The probability of EFS 
were calculated according to Kaplan-Meier me
thod. The overall second complete remission 
(CR) rate in early relapse was 79.12% and in late 
relapse 85.71%. The probability of overall event 
free survival (EFS) after 6 years was 25.52%. The 
EFS achieved in children with late relapses was 
four times higher when compared with early 
relapses 46.55% vs. 11.47% (p = 0.05). 

The results obtained with BFM 85 chemother
apy in children with first late relapse are accept
able. For children with early relapses, other 
chemotherapy methods together with BMT in 
second remission should be introduced. 

Introduction 

Many factors within the past ten years have con
tributed to a marked improvement in the 
prognosis of childhood acute lymphoblastic leu
kemia (ALL): an increasing number of effective 
chemotherapeutic agents, combination chemo-

therapy, modified dose schedules, intensive 
treatment during remission, CNS prophylaxis 
and vigorous supportive care. Over 80% chil
dren now become long term survivors [4, 11]. 
Relapse has to be considered as the most impor
tant obstacle in the way of curing all children 
with ALL [3,10,16,17]. 

154 of 1600 children treated for ALL in seven 
centres of The Polish Children's Leukemia Lym
phoma Study Group between 1981-1993 accord
ing to the BFM protocols, relapsed during 
therapy or after its discontinuation. 

Material and Methods 

Patients and definition. Between June 1987 and April 
1993,147 children aged from 2-18 years (47 girls 
and 100 boys) with first relapse of acute lym
phoblastic leukemia were included to the study. 
Initial characteristics of the children at first pre
sentation of the disease and at relapse are pre
sented in Table 1. 

T cell ALL at 25% and BeeIl ALL at 21% of 
children were recognized. 

At their first presentation children were treat
ed according to the BFM 83 or 86 protocols [15], 
at relapse according to the BFM 85 relapse pro
tocol [12]. 
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Table 1. Initial characteristics Ofl47 children (100 boys, 68.03%; 47 girls, 31.97%) with first 
ALL relapse 

<2 years 
age 2-10 years 

>10 years 

LRG 
clinical classification MRG 

HRG 

LI 
F AB classification L2 

L3 

B 
immunological pre B 

classification T 
Common 

at first diagnosis 

1O( 6.80%) 
115(78.23%) 
22(14.97% ) 

411131(31.30% ) 
561131(42.75%) 
341131(25.95%) 

40/84(47.62%) 
42184(50.00%) 
2184(2.38%) 

6/54 (11.11%) 
11/54( 20.37%) 
16/54(29.63% ) 
21154(38.89% ) 

at relapse 

2(1.36%) 
102( 69.39%) 
43(29.25% ) 

21/80(26.25%) 
56/80(70.00%) 
3/80(3.75% ) 

6128(21.43%) 
12128( 42.86%) 
7128(25.00%) 
3128(10.71%) 

Early relapses were those, which occurred at 
the patients still on therapy or up 6 months after 
stopping front line treatment. The reminder 
were termed as late relapses. 

Marrow involvement was diagnosed in chil
dren with proven leukemia at extramedullary 
sites and at least 5% blasts in bone marrow. 

Type and time of first ALL relapse in child
hood are presented in Table 2. The predomi
nance of early relapses was observed in our 
material. There were 91 cases with early and 56 
cases with late relapse. Most of early relapses 
were isolated BM (51.65%), followed by isolated 
CNS (17.58%) and testes (16.48%). The total pro
portion of eady mixed relapses was 10,99%. 

Isolated bone marrow relapse was diagnosed 
in the presence of 25% bone marrow blasts with 
the absence of any other clinically proven 
leukemic extramedullary infiltration's. 

Isolated extramedullary marrow relapses 
were those with clinically overt manifestations 
of leukemia or histologically/cytologically pro
yen leukemic infiltration's at any site except 
bone marrow. 

In the group of late relapses predominated 
also isolated BM (44.64%) involvement followed 

Table 2. Type and time of first ALL relapse treated according to BFM -85 protocol 

early relapses late relapses total 
type of relapse n = 91( 61.90%) n = 56(38.10%) n = 147(100%) 

isolated: 

BM 47 51.66% 25 44.64% 72 48.98% 
CNS 16 17.58% 6 1O.7'Yo 22 14.96% 
testes 15 16.48% 13 23.21% 28 19.05% 
others* 3 3.30% 0 3 2.04% 

total 81 89.01% 44 78.57% 125 85.03% 

mixed: 

BM+CNS 5.49% 4 7.14% 9 6.12% 
BM+testes 4 4.40% 8 14.29% 12 8.16% 
BM+CNS+t 1.10% 0 1 0.67'Yo 
estes 

total: 10 10.99% 12 21.43% 22 14.97% 

*ovaries, tumor reg. sacralis, kidney 
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by isolated testes (23.21%) relapse, combined 
BM+testes (14.29%) and BM+CNS, and then 
isolated CNS. 

Statistical analysis. The probability of EFS were 
calculated according to the Kaplan-Meier 
method [13l. 

Treatment. Patients were stratified into three 
treatment groups A, Band C (Fig.I). 

Regimen A was given to children with early 
combined BM relapse, regimen B to patients 
with late isolated or combined BM relapse, and 
regimen C to children with isolated extrame
dullary relapses, irrespective of the time of 
occurrence. In all patients treatment was started 
with a 5-day phase of prednisone (2 mg/kg/d). 
This was done to reduce the initial mass of 
leukemic cells and to stabilize the patients gen
eral condition. 

Main elements of treatment for induction 
and consolidation were alternating courses of 
intensive polychemotherapy (R1 and R2) and in 
children with early BM relapse aseparate induc
tion protocol F (Table 3). All children with BM 
relapse were treated with eight R-blocks, 
whereas only six such courses were adminis
tered to children with isolated extramedullary 
relapse. 

All the end of the intensive phase the sys
temic chemotherapy was supplemented by cra
nial irradiation in children with CNS relapse, as 
weIl as by testicular irradiation in boys with tes
ticular relapse. Cranial irradiation was adminis
tered at dose 24 Gy to non preirradiated 
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patients. Standardized dose reductions were 
made according to age of patients and doses 
previouslyapplied. 

In boys with unilateral testicular relapse the 
involved testis was surgically removed and 
biopsy was taken from clinically non involved 
testis. If the biopsied testis proved histologically 
to be free of leukemia, radiotherapy was admin
istered to the remaining testis at dose of 18 Gy. 
In patients with bilateral testicular relapse either 
both testicles were to be removed or irradiated 
at a dose of 24 Gy. 

After the end of the intensive phase of treat
ment the children received maintenance therapy 
with daily 6-tioguanine (50 mg/m2 ) and biweek
ly iv Mtx (50 mg/m2). 

The duration of maintenance therapy was 2 
years for children with BM relapse and 1 year for 
patients with isolated extramedullary relapse. 
TripIe intrathecal therapy in 6-weeks intervals 
up to the end of the first year of treatment were 
administered to children with CNS relapse. 

Response Criteria 

In children with BM relapse remission was diag
nosed, if there were less than 5% blast teIls in an 
otherwise normocellular marrow. CNS remis
sion was defined by the absence of leukemic 
cells in CSF. 

In boys with isolated testicular relapses re
mission was achieved by orchiectomy, or in 
non-orchiectomised patients if the size of the 
involved testis (es) had returned to normal. 
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Fig.l. Design of study relapse ALL BFM-85 
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Table 3. Treatment courses 

drugs dosis 

induction F Prednisone 100 mg/rn' 
Vincristine 1.5 mg/rn' 
Methotrexate ID lub (or) HD 
HD-cytarabine 3 g/m'co 12h 
L-asparaginase 10,000 V/rn' 

block R1 Prednisone 100 mg/rn' 
Mercaptopurine 100 mg/rn' 
Vincristine 1.5 mg/rn' 
Methotrexate i.v. 1 g/m' 
Methotrexate i. t. 12mg* 
Cytarabine 300 mg/rn' 
Teniposide 165 mg/rn' 
L-asparaginase 10,000 V/rn' 

block R2 Dexamethasone 20 mg/rn' 
Thioguanine 100 mg/rn' 
Vindesine 3.0 mg/rn' 
Methotrexate i.v. 1 g/m' 
Methotrexate i.t 12mg* 
Ifosfamide 40 mg/rn' 
Daunorubicin 50 mg/rn' 

*Methotrexat: dose 10/8/6 mg in children 3/2/1 years. 

Complete remISSIon (CR) had to be achieved 

after application of two treatment elements, i.e. 

in patients with early BM relapse after protocol 
Fand block R1 or in other patients after Block 
Rl and R2. Patients in non remission at that 

time were termed non responders, even if CR 
was achieved later. 

administered 
onday 

1-7,15-21 
1,8,15,22 
1 

15,16 
2,3,17,18 

1-5 
1-5 

5 
5 
6-8 

1-5 
1-5 

1 

1-5 
5 

Results 

A summary of the treatment response is shown 

in Table 4. 

Table 4. Summary of results to treatment of first ALL relapse treated BFM-85 protocol 

CR no CR II relapse death still in CR 
Type of 
relapse N n [% 1 n [% 1 n [% 1 n [% 1 n [% 1 

early: 91 72 79·12 19 20.88 38 41.76 64 70·33 27 19·67 
BM 47 33 70.21 14 29·79 19 40.42 39 82.98 8 17·02 
extram. 34 32 94·12 2 5.88 15 44.12 18 52·94 16 47·06 

CNS 16 16 100.0 0 6 37·50 8 50.00 8 50.00 
testes 15 15 100.0 0 8 53·33 7 46.67 8 63·33 
other 3 33·33 2 66.67 33·33 3 100.0 0 

mixed 10 7 70.00 3 30.00 4 40.00 7 70.00 3 30.00 

late: 56 48 85.71 8 14·29 17 30.36 21 37·50 34 62·50 
BM 25 22 88.00 3 22.00 7 28.00 10 40.00 15 60.00 
extram. 19 16 84.21 3 15·79 6 31.58 26.32 13 73.68 

CNS 6 83·33 16.67 16.67 16.67 5 83·33 
testes 13 11 84·61 2 15·39 38.46 4 30·77 9 69·23 
other 0 0 0 0 0 0 

mixed 12 10 83.33 2 16.67 4 33·33 6 50.00 6 50.00 

duration ofII RC: 1-60 months, median 12 months; early relapses: 1-55 months, median 11 months; late relapses: 
1-60 months, median 20 months 



Overall Results 

The overall second complete remISSIOn (CR) 
rate was 120 of 147 patients (81.63%). 

The overall second complete remission (CR) 
rate in early relapse was 79,12% and in late 
relapse 85,71%. There are 27 children with early 
and 34 with late relapse still in II CCR. 

Early death analysis in children with first ALL 
relapse is presented in Table 5. 

Late death analysis in children with first ALL 
relapse is listed in Table 6. 

The probability of overall event-free survival 
(EFS) after 6 years was 25,52% (Fig. 2). 

The EFS achieved in children with late relaps
es was four times higher when compared 
with early relapses 46,55% v 11,47')10 (p = 0,05) 
(Fig.3). 

The EFS achieved in children with isolated 
late BM relapses was four times higher when 

Table 5. Early death (first 4 weeks) analysis in children with first ALL relapse (n = 151147) 

early relapse late relapse 

n [% 1 n [% 1 

progression of disease 2 13·3 0 
aplasia +infection 4 26.7 3 20.0 

1 E. coli. seps. 1 Pneumona 
1 St. aureus seps. 1 sepsis 
1 Ps eu dom. seps. 
1 Meningitis 

therapy toxicity 6.7 1 6.7 
diathesis heamorrhagica toksycznorere 

poMTX+HD 
toxicity after 
MTX+HD 

infection 1 6·7 6·7 
CNS+seps. sepsis 
Proteus Pseudom. 

aerug. 
pure diathesis 6·7 0 
haemorrhagica 
therapy toxicity after PL 6·7 0 

TOTAL 10 66.67 5 33·33 

Table 6. Last death analysis in children with first ALL relapse (n = 701147) 

early relapse late relapse 

n [% 1 n [% 1 

progression of the disease 48 68·57 14 20.00 
I relapse 12 17·14 0 
II relapse 36 51.43 14 20.00 

death in CR 6 8.57 2 2.86 
infection 3 4·29 2 2.86 

1 seps. st. aureus 
1 seps. ent. + E.C. 
1 seps. sept. 

therapy toxicity 2 2.86 0 
1 after MTX 
1 after PL 

coma hepatious 1.43 0 

TOTAL 54 77·14 16 22.86 
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Fig.2. Event-free survival of children with first relapse of ALL treated according to BFM-85 protocol 
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Fig.3. Event-free survival of children with first early and late relapse of ALL treated according to BFM-85 
protocol 

compared with isolated early BM relapses 
46,55% v 11,47% (p = 0,05) (Fig. 4). 

The EFS achieved in children with very early 
relapse was 8.84% (Fig. 5). 

The EFS achieved in children with late 
extramedullary relapses was two times higher 

when compared with extramedullary early 
relapses 58.13% v 20.15% (p = 0,1) (Fig. 6). 

The EFS achieved in children with isolated 
late testes relapses was two times higher when 
compared with isolated early testes relapses 
51.85% v 32.31% (p = 0,1) (Fig. 7). 
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Fig.4. Event-free survival of children with first BM relapse of ALL treated according to BFM-85 protocol 
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Fig.5. Event-free survival of children with first early relapse of ALL treated according to BFM-85 protocol 

The EFS achieved in children with isolated 
late CNS relapses was two times higher when 
compared with isolated early CNS relapses 
83.33% v 41.65% (p = 0,1) (Fig. 8). 

The EFS achieved in children with mixed late 
relapses was one and half times higher when 
compared with mixed early relapses 40.00% v 
25.00% (p = 0,1) (Fig. 9). 
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Discussion 

This report presents the results of the multicen
ter study and the efficacy of the BFM relapse 
protocol 1985. The trial was performed in years 
1987-1993 in children with first recurrence of 
ALL. This study confirm the results of previous 
studies on children with first ALL relapses, 
which have shown that these patients do not 
make up a homogenous group [9, 18, 19]. It 
became clear that children, who developed their 
relapse during initial maintenance treatment 
and up to six months after the end of therapy 
(early relapse) have a worse prognosis com
pared with children, who relapse more than 6 
months after cessation of therapy (late relapse). 
EFS achieved in children with late relapses was 
four times higher when compared with early 
relapses 46,55% v 11,47% (p = 0,05)· 

EFS in children with isolated BM relapse was 
7,65%. Others have reported equally bad results 
in similar subgroup [2,6,17]. Until recently, the 
outcome in these children was unifoly dismal, 
with most patients succumbing to progressive 
and refractory disease within 12 months from 
the time of relapse [8,14,16]. 

It was shown in our previous study that the 
BFM protocol produced improvement of EFS 
in children with first relapse in comparison 
with chemotherapy previously used by the 
Polish Children's Leukemia Lymphoma Study 
Group [5]. 

The best therapy for children with late relaps
es, who achieved second remission is still con
troversial. Some findings suggest that bone 
marrow transplantation (BMT) is better than 
chemotherapy, whereas other do not [1,7,10,13]. 

Conclusions 

The results obtained with BFM 85 chemotherapy 
in children with first late relapse are acceptable. 
One must conclude that the treatment results 
obtained in children with early relapse, although 
gradually improving are far from satisfying. 
New treatment strategies together with BMT in 
second remission must be designed for this 
group of children. 
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Introduction 

Anthracyclines are effective drugs used for in
duction therapy of acute lymphoblastic 
leukemia (ALL). Since one of their major draw
backs is the well-known cardiac toxicity 
[11,14,171, other substances with similar 
antileukemic potency have been investigated to 
reduce this severe side effect. Additionally, 
cardiotoxicity can be reduced by prolonging the 
period of administration [101. The new anthra
cycline analogue 4-demethoxydaunorubicin 
(idarubicin, IDR) may have some potential 
advantages compared to the "classic" com
pounds. Cardiotoxicity is possibly lower, and 
the main metabolite 13-hydroxyidarubicin 
(idarubicinol, IDRol) to which IDR is rapidly 
metabolized has the same cytotoxicity as IDR; 
however, the half-life is prolonged to 45-63 
hours [1,8,131 and, furthermore, IDRol is capable 
of crossing the blood brain barrier, this having 
so me protective effect against CNS leukemia 
[121. IDR has proven its efficacy in the treatment 
of acute myelogenous leukemia, which has 
mostly been combined with cytarabine (Ara
C)[2,4,9,161. But only few reports exist on the 
application of IDR in children with acute lym
phoblastic leukemia [3, 51. Testi et al. reported 
complete remission (CR) in 77% of intensively 
pre-treated children with ALL (n = 31) by the 
combination of Ara-C and IDR [151. To evaluate 
the toxicity and effectiveness ofIDR monothera
py in ALL we designed a prospective, non-ran
domized multicenter study including 50 
children with poor prognostic recurrences. This 

report describes interim results of the first 30 
sequentially accrued patients. 

Patients and Treatment 

Idarubicin was given to 30 children with isolated 
or combined bone marrow (BM) relapse as 
monotherapy at a single dose of 24 mg/rn' as 48 
hour continuous infusion. These children were 
excluded from the regular ALL-REZ BFM proto
col, because of standard exclusion criteria: 

o refractory initial ALL 
o very early BM relapse (previous remission 

duration< 18 months) 
o relapse of T -ceil phenotype 
o second or multiple BM relapse 

Characteristics of the patients are shown in 
Table 1. Previously, all children had received 
aggressive front-line therapy including anthra
cyclines. After the IDR pre-induction phase, 
treatment was continued with at least 3 courses 
of short-term intensive polychemotherapy to 
finally achieve CR, which is the prerequisite to 
perform either allogeneic or autologous bone 
marrow transplantation. 

Methods 

We performed a prospective study to evaluate 
the efficacy and toxicity of IDR in a therapeutic 
windowas monotherapy. All patients were clini
caUy monitored for signs of toxicity according 

Dept. of Pediatric Hematology and Oncology, University Medical Centers of Berlin (UKRV),' Hamburg,' 
Tübingen,3 Jena,' Olga Hospital Stuttgart,' Germany 



Table 1. Patient eharaeteristics 

patients (m:f) 
median age 
previous CR duration 
very early relapse 
T -eell phenotype 
isolated BM relapse 
anthraeycIine pretreatment: 

<200 mg/rn' 
200-290 mg/rn' 
300-390 mg/rn' 

to WHO criteria and were subjected to conti
nuous clinical examination. The cardiac diag
nostics consisted of E.C.G., M-mode 
echocardiography and chest X-ray. To assess the 
response to the drug, bone marrow aspirates 
were done before and 2 weeks after IDR infu
sion. 

Response criteria: 

1. Non Response (NR): stable/progressive 
disease 

2. Minor Response: significant blast reduction 
(BM or peripheral blood) 

3. Partial Remission (PR): blast redution < 25% 
in theBM 

4. Complete Remission (CR): blast reduc
tion < 5% in the BM and recovering hema
topoesis 

Results 

Serious toxic side effects, besides the desired 
blood-cell reduction were not observed 
(Table 2). No patient succumbed to therapy
related early death. In 26 of 30 patients, the 
leukocyte count fell below 1,000/f-lL with a nadir 
at day 10 (range day 5 to 17) accompanied by 
infection in 17 cases (57')10 of all patients). In the 
majority of patients, no organism could be 
proved in blood cultures. Non-hematology 
WHO-Grade 2 -3 toxicity (nausea, stomatitis and 
liver dysfunction) was seen in < 30% of patients. 

Cardiac dysfunction was noticed in three 
patients. One child developed transient tachy
cardia during IDR infusion. In another case, 
pericardial effusion and diastolic dysfunction 
requiring glyeoside therapy were observed 16 

First relapse Multiple relapses Total 

18 (14:4) 12 (7:5) 30 (21:9) 
6 yrs (2-16) 10 yrs (1-13) 8 yrs (1-16) 

13 mos (4-32) 8 mos (2-32) 11 mos (2-32) 
14 (78%) 11 (92%) 25 (83%) 
9 (50%) 9 (30%) 

14 (78%) 10 (83%) 24 (80%) 

1 (6%) 2 (7%) 3 (10%) 
17 (94%) 4 (33%) 21 (70%) 

6 (50%) 6 (20%) 

Table 2. Toxicity during or after IDR infusion 

WHO-grade 
No.of 

0 2 3 4 patients 

WBC 3 9 17 30 
platelets 4 16 9 29 
hemoglobin 13 13 3 30 
infeetion 10 3 12 5 30 
eardiae 27 2 30 
neurologie 27 2 30 
liver 16 8 4 29 
kidney 28 2 30 
nausea 16 5 7 2 30 
stomatitis 14 9 6 30 

days after IDR administration, coinciding with 
aspergillus septicemia. The third patient exhibit
ed signs of relative cardiac insufficiency prether
apeutically and showed unchanged cardiac 
function parameters and chest X-rays subse
quent to the IDR infusion. Echocardiographic 
shortening fraction was determined in 25 chil
dren. All values were in the normal range 
(>30%) prior to and after IDR. 

Complete or partial remission were seen in 1 
and 10 patients, respectively, documented by 
day 15 bone marrow aspirates. One of the 10 par
tial responders whith aplastic marrow at day 15 
attained a 2nd CR after one additional week 
without any further treatment. Neither respons
es to IDR were observed in 15 children licensed 
by significant reduction of leukemic blast cells, 
and only 4 patients had no objective response 
(Fig. 1). 

The subsequent multidrug induction courses 
(scheduled at day 15 after IDR infusion) were 
delayed in 12 children (40%), because of pro
longed aplasia (8 patients), infection (1 patient) 
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Minor
response 

or combination of both (3 patients). In median, 
treatment could be continued after 21 days 
(range 11 to 41 days). 

Discussion 

Successful retreatment of children with relapsed 
ALL is obviously possible with chemotherapy, 
except for the subgroup of patients with very 
early or multiple relapses and for T -cell disease 
[7]. For these children, BMT in remission is 
indicated if possible. However, frequently 
remission may not be adviced in this subset of 
patients, suggesting that they suff er from highly 
refractory disease. The objective of this study 
was to evaluate the response to IDR given as 
monotherapy, an anthracycline which has not 
been used during previous therapy in these chil
dren. 11 of 30 patients showed a substantial 
response after IDR treatment as monotherapy, 
indicating that IDR is still an effective drug with 
antileukemic activity. 

Only few data are available on the effective 
drug concentration of this new anthracycline in 
ALL, when used as single drug. Clinical phase I 
studies showed that the maximum tolerated 
drug concentration ofIV IDR as monosubstance 
ranged between 30-40 mg/m2 [6]. With dose 
escalation, haematologic toxicity was dose-lim
iting. IDR dose below 20 mg/m2 in total showed 
no CR in patients with ALL [18]. Since all of our 
patients had previously been treated with 
daunorubicin or doxorubicin with a median 
cumulative dose of 270 mg/rn' we have chosen 
24 mg/m2 of IDR as a propably safe dose in 
respect to cardiotoxicity while still having 
antileukemic potency in ALL. No additional 

eR 

Fig. 1. Response to IDR monotherapy as 
documented by bone marrow puncture at 
day 15. CR, complete remission [1/30]; PR, 
partial remission [10/30]; Minor-response, 
significant blast cell reduction [15/30]; NR, 
non-response [4130]. 

severe drug related cardiotoxicity was seen in 
this study suggesting a favourable therapeutic 
index for IV IDR at the scheduled dose. 

At this early stage, results are still prelimi
nary. However, there is evidence for IDR being 
active in poor prognosis ALL relapse with toler
able cardiac and non-cardiac side effects. 

Appendix 

Participating centers and main investigators: 
Aarau (P. Imbach, MD), Berlin (G. Henze, MD), 
Berlin (W. Dörffel, MD), Berlin (G. Gaedicke, 
MD), Bremen (H. J. Spaar), Chemnitz (K. 
Hofmann, MD), Essen (B. StoHmann-Gibbels, 
MD), Erlangen 0. D. Beck, MD), Freiburg (C. 
Niemeyer, MD), Giessen (F. Lampert, MD), 
Göttingen (M. Lakomek, MD), Hannover (A. 
Reiter, MD), Heidelberg (B. SeHe, MD), 
Homburg/Saar (N. Graf, MD), Jena (F. Zintl, 
MD), Koblenz (M. Rister, MD), Leipzig (M. 
Domula, MD), Linz (K. Schmitt, MD), Mainz 
(P.Gutjahr, MD), Rostock (M. Hagen, MD), 
Sankt Gallen (A. Feldges, MD), Stuttgart (E. 
Koscielniak, MD), Schwerin (B. Neubert, MD), 
Tübingen (D. Niethammer, MD). 
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Leukemia-Lymphoma in Children with Primary Nodal Peripheral 
and Mediastinallnvolvement 

M. Matysiak and M. Ochocka 

Introduction 

Non-Hodgkin Lymphoma (NHL), which is the 
third most common malignant disease in chil
dren, after leukemia and CNS tumors, is distin
guished by many primary sites, different 
histologie subtypes and elinical stages. 

The elinical findings at diagnosis are deter
mined by the primary tumor site. 

In an SJCRH review of 338 patients [1] the 
most frequent sites of involvement were the 
abdomen (31,4%), the mediastinum (26%) and 
the head and neck region, ineluding Waldeyer's 
ring and for cervical lymph nodes (29%). 
Peripherial lymph nodes outside the neck were 
the primary tumor site in only 6,5% of cases. 

NodaI lymphomas constitute a group of lym
phomas with primary sites either in peripherial 
nodes or the mediastinum.There are primary 
nodal lymphomas of the abdomen, but they 
should be considered as apart of the intraab
dominal group of NHL (at the time they are 
diagnosed, the extranodaI extension is such that 
determining a primary site is difficult, if not 
impossible) [2]. 

The bone marrow is frequently involved at 
diagnosis in children with NHL. 

In 1976 , when the philosophy of treatment 
for leukemia-lymphoma had not yet evolved 
completely, Wollner et al. [2,3] proposed staging 
system for NHL, where the bone marrow 
involvement (Stage IV), can be subelassified as 
follows: Stage IV A - when the bone marrow or 
bone marrow sites contain elumps of extrinsic 
cells but less than 25% and Stage IV B - when 

the bone marrow or different bone marrow sites 
contain 25% or more blasts (leukemia-Iym
phoma syndrome). 

While laboratory and elinical studies have 
demonstrated the elose relationship between 
childhood NHL and acute lymphoblastic leu
kemia (ALL) , the criteria utilized to distinguish 
between these two categories of disease have 
been arbitrary and not uniformly accepted. 

The distinction between NHL and ALL is cur
rently based on the degree of infiltration of the 
bone marrow. 

Children who have more than 25% infiltra
tion of their marrow with blasts are considered 
to have ALL, while those with a bulky primary 
tumor and between 5 and 25% blast cells in the 
marrow are considered to have Stage IV NHL. 

In our series of 100 pediatric patients with 
NHL studied from 1977-1992, 34 patients had 
nodal lymphomas. Five of these (5%) had 
peripherial nodallymphomas and 29 (29%) had 
mediastinal nodal disease. Bone marrow in
volvement were observed in 20 patients (58,8% ) 
with nodallymphomas. 

Five children had Stage IV A disease and 15 
patients had Stage IV B using the Wollner's sub
elassification. This 15 children with leukemia
lymphoma syndrom will be presented in this 
paper. 

Material and Methods 

15 children with leukemia-lymphoma syndrom 
were treated from 1977 to 1992. There were 2 
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female patients and 13 male patients, aged from 
3 to 16 years. The median age for the group was 
9 years. 

Five children lived in the country and 10 lived 
in the town. 

In all patients except 2 children, diagnosis was 
obtained by a lymph node biopsy. In two boys, 
because of mass causing midairway obstruction, 
shortness of breath and evidence of superior 
vena cava obstruction, the diagnosis ofNHL, was 
obtained by cytologic examination of pleural 
fluid. 

All slides were reviewed using the Kiel classi
fication.There were 10 children with NB-NHL 
and 3 patients with B-NHL among this group. In 
two ca ses, because of technical difficulties, the 
lymphoma could not be classified. 

The clinical staging was done according to 
the criteria ofWollner [2,31. 

Eight children were treated with the modified 
LSA2L2 protocol [3.4,51, six patients with BFM 
protocol [6,71 and one child with COAMP proto
col [4,81. 

Result 

Symptoms at diagnosis were nonspecific (Table 
1). The duration of symptoms before diagnosis 
ranged from 14 to 90 days, with a median of 36 
days. 

12 children (80%) had enlarged lymph nodes 
only above the diaphragm. 

Mediastinal adenopathy was found in 13 chil
dren (86,6%). 

In 3 children (20%) the disease was dissemi
nated above and below the diaphragm. 

Hepatosplenomegaly was presented in 13 pati
ents (86,6%). One child had renal involvement. 

Table 1. Symptoms at diagnosis 

Symptom 

Weakness 
Loss of appetite 
Fever 
Weight loss 
Large nodes 
Cough 
Difficult breathing 
Pain 
Nausea 

No.of patients 

13 
10 

9 
8 
8 
7 
7 
2 

% oftotal 

86,6 
66,6 
60,0 

53,3 
53,3 
46,7 
46,7 
13,3 
6,6 

Hematologic data at diagnosis are shown in 
Table 2. 

13 children (86,6%) among 15 patients with 
leukemia-Iymphoma syndrom achieved co m
plete remission (CR). There were 2 children with 
B-NHL (from 3 children with B-NHL) and 9 
patients with NB-NHL (from 10 patients with 
NB-NHL). 

Two children did not respond to the therapy 
and died without I CR. 

Six children relapsed . Three of them relapsed 
in first 6 months of treatment. Three relapses 
occured later (after 12 month of treatment). 

All this children died during relapse due to 
initial tumor failure and infections (bacterial 
and fungi al sepsis). 

There were 6 children treated with LSA2L2, 
and 2 treated with BFM protocol among all died 
patients. 

Seven children are still alive (2 from LSA2L2 
group, 4 from BFM patients and 1 treated with 
COAMP). 

We observed anemia, leukopenia and throm
bocytopenia during therapy,which were danger
ous for children and remained from 7 till25 days. 

Fever developed from cytosine arabinoside, 
and fever from unknown origin, bacterial pneu
monia and sepsis were also observed. 

No late toxic effects has been observed . 
The event-free survival rate (EFS) for all 15 

patients with leukemia-Iymphoma syndrom is 
44,4%. 

Figure 1 shows the event-free survival rate of 
patients with leukemia-Iymphoma syndrom and 
with primary nodal peripherial and mediastinal 
involvement. 

Table 2. Hematologic data at diagnosis 

Hemoglobin level (g/dl) 
Median 
Low 
High 

Leukocyte count (1O'/mm') 
Median 
Low 
High 

Platelet count (1O'/mm') 
Median 
Low 
High 

35,64 
2,4 

112,0 
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Fig. 1. Event free survival rate of patients with leukemia-lymphoma syndrom and with primary nodal peripheral 
and mediastinal involvement 

Discussion 

In discussing the reported results first of all we 
would like to point that our group has been too 
small to allow us to make a general conclusions. 
We have only confirmed in our patients, tenden
cy observed by other authors on a big group of 
patients. 

Primary nodal lymphoma usually is diag
nosed when advanced, because the symptoms 
are usually unspecified. Sometimes the antibiot
ic therapy can cause a clinical response and 
therefore delay diagnosis and effective treat
ment. Duration of symptoms before diagnosis is 
usuaHy long (WoHner - median 30 days [2], in 
our group median 36 days) what have a great 
influence on worse prognosis. Although W oHner 
and others [2] achieved EFS = 75% our results 
and results achived by the Polish Children's 
Leukemia / Lymphoma Study Group [4,5,9] had 
not been so successful, and were very similar to 
those reported by Murphy in 1989 [1]. 
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So me authors suggest that dose intensity of 
chemotherapy influenced survival by promoting 
rapid and more complete ceIl kill, helping pre
vent the emergence of resistant ceHs [1]. 

We fully share this point of view. 
The arbitrary distinction between leukemia 

and lymphoma,based on whether there is more 
or less than 25% involvement of the marrow, has 
not generaHy been found to be of prognostic sig
nificance [10 ]. 

On the other side SuHivan on behalf of POG 
[11] reported that patients with greater than 25% 
blast ceHs in the marrow and associated lym
phomatous masses did appear to have a worse 
prognosis. For many patients, marrow involve
ment may simply represent further clinical evo
lution oflymphoma. 

In our experience,the children with stage 
IV A peripherial nodallymphoma, had the same 
bad prognosis, as the patients in stage IV B 
(unpublished data). Among 5 children with 
stage IV A peripherial nodal lymphoma, we 
observed 5 complete remissions foHowed by 4 
lethal relapses. 



In our opinion the distinetion between stage 
IV A and IV B is out of prognostie signifieanee, 
beeause ofbad prognosis in both ofthem. 

The distinetion between NHL and ALL is at 
best ill-defined, and there is litde evidenee that 
within a single histologie or immunologie sub
group, patients with leukemia and lymphoma 
require dissimilar therapies [12]. The experienee 
ofBFM group refleet this view. 

Conclusions 

1. Bone marrow involvement either as clumps of 
extrinsie eells, but less then 25% of blasts or as 
leukemia-lymphoma syndrom (25% or more 
blasts) seems to have the same negative prog
nostie signifieanee. 

2. The duration of symptoms before diagnosis 
was extended (median 96 days) often beeause 
of antibiotie therapy. 

3. T -eell lymphomas are the most common 
peripherial NHL. 

4. Hepatosplenomegaly usually goes together 
with peripheral nodallymphoma. 
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Induction of Immunity Against Leukemia 
S. de Vos', D. B. Kohn', W. H. McBride', and H. P. Koeffier' 

Abstract. Great strides have been made in the 
chemotherapeutic treatment of acute lympho
cytic leukemia (ALL) and moderate success has 
been made in treatment of acute myelogenous 
leukemia (AML). At this time, progress using 
chemotherapy has plateaued. Novel approaches 
to these diseases are required. Recent experi
ments have shown that several poorly immuno
genie solid tumors can be recognized by 
MHC-class I restricted CD8+ cytotoxic T lym
phocytes (CTL) if the tumors are engineered by 
genetransfer to produce one of several cyto
kines, including IL-2, IL-4, IL-6, IL-7, GM-CSF, 
TNF-a, IFN-a and -y, or B7/BB!. The local secre
tion of lymphokines, critical for CTL activation, 
appears to bypass a deficient helper 
T-cell arm of the immune system. In addition, 
secretion of cytokines by the tumor cells stimu
lates the host immune system to identify and kill 
the untransduced parental cells upon subse
quent reimplantation; and even of potential 
more importance, a rejection of established can
cer can occur by inducing a systemic anticancer 
immune response by vaccination with cytokine 
transduced tumor cells. We studied two differ
ent murine myeloid leukemia models using 
WEHI3 and C1498 cell lines, transduced with a 
retroviral vector coding for human IL-7 OZEN 
hILltk neo), resulting in cytokine production up 
to 13 ng/106 cells/24 hrs. NIH-3T3-fibroblasts, 
transduced with a vector co ding for human IL-2 
(G1Na CV hIL-2), producing up to 21 ng/106 
cells/24 hrs, mixed with parental WEHI3 
leukemia were used for vaccination-studies as 

well. Vaccination with IL-7 producing WEHI3 
clones (weekly S.c. injections of 106 cells over a 
period of one month) resulted in a 43% survival 
of mice, subsequently challenged witlI a lethal 
dose of parental leukemic cells (5]104 i.v.). 
Vaccination with a mixture of IL-2 producing 
NIH-3T3-fibroblasts and parental WEHI3 cells 
resulted in a systemic protection of 60% of 
letlIally challenged mice. The same experiments 
performed with the C1498-model showed a 
strong inherent immunogenicity of irradiated 
parental cells, as 4 out of 5 mice survived in this 
group. Surprisingly, all mice died in the group 
vaccinated with an IL-7 producing subclone. 
This illustrates that the process of selecting a 
high-cytokine producing subclone can result in 
clones that no longer represent the antigenic 
spectrum of the parental cells. 

Taken together, we show that induction of a 
specific anti-Ieukemia immune response may be 
effective treatment for AML, especially when the 
tumor burden is low. 

Introduction 

The central hypothesis underlying specific anti
cancer immunotherapy is that tumor cells ex
press antigenie determinants, not expressed on 
their counterpart normal adult cells. Those anti
genic determinants must be immunogenic in the 
host for an effective attack by the immune sys
tem [1-2]. 
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Cancer results from aseries of mutational 
events within a cell that can result in the pro
duction of genetically altered proteins [3]. 
Peptides from these mutated pro teins may bind 
to major histocompatibility complex (MHC) 
dass I molecules and in this context may serve 
as targets for specific cytotoxic T cells (CTL) 
[45]. Tumor-associated antigens that provoke 
tumor rejection in the host have been demon
strated in experimental, chemically or viraly 
induced tumors. But in most experimental, 
spontaneous tumor systems (resembling the sit
uation found in patients), tumor-associated 
antigens usually can not be detected. This 
resulted in speculations that either the host 
immune system fails to recognize neoplastic 
cells, or that neoplastic growth can thrive in the 
presence of an inefficient host immune 
response. 

Recent experiments have shown that several 
poody immunogenic solid tumors can be recog
nized by MHC-dass restricted CDS+ CTL, if the 
tumors are engineered to secrete one of several 
cytokines, induding IL-2 [5-9], IL-4 [10-12], IL-
6 [13], IL-7[14-15], GMCSF [16], TNF-a. [17-1S] 
and-y [19-20], or B7/BBI [21]. The mechanisms 
involved are bypassing a deficient helper T -ceU 
arm of the immune system by local secretion of 
lymphokines, critical for CTL-activation, upreg
ulation of MHC-molecules, second signal in duc
tion for CTL-activation, and enhancement of 
antigen-presentation by host antigen presenting 
cells (APe). In addition, secretion of cytokines 
by the tumor cells stimulated the host immune 
system to identify and kill the untransduced 
parental cells upon reimplantation; and even 
more, a rejection of established cancer can occur 
by inducing a systemic anticancer immune 
response by vaccination with cytokine-trans
duced tumor cells [12]. 

Anecdotal evidence that the immune system 
may help to eradicate leukemia is provided by 
occasional reports of improved survival foUow
ing postinduction immunization with unspecific 
immunostimulators [22-24], although convinc
ing evidence is still lacking. The graft versus 
leukemia (GvL) phenomenon after allogeneic 
BMT is the most striking evidence of a role of 
the immune system in controlling leukemia 
[25-26]. Alloreactive T-cells are not the only 
mediators of the GvL-effect; GvHD and GvL 
may, therefore, be separable [27]. Several studies 
have shown that lymphokine activated killer 
cells (LAK) from patients with acute leukemia 
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lyse autologous blast cells [2S-32]. Murine mod
els have shown IL-2 to be effective in preventing 
relapse after BMT in a Bccell leukemia 
(BCLI)[33]; combined IL-l/IL-2 therapy inhibit
ed metastatic tumor growth of Friend ery
throleukemia cells (FLC)[34]; continuous 
coadministration of M-CSF and IL-2 protected 
mice against alethal dose of T -cell leukemic 
cells (EL4)[35]; IFN- gene transfer into Friend 
erythroleukemia cells (FLC) abrogated tumori
genicity and injections of those IFN-a. produc
ing cells were effective in inhibiting tumor 
growth in mice with established metastatic 
tumors [36]. 

Among the various cytokines tested, IL-2 and 
IL-7 elicited antitumor effects primarily through 
T -cell involvement. IL-7 was originally des
cribed as a bone marrow stromal cell-derived 
growth-factor of pre-B-cells [37]. It was subse
quently found also to function as a growth fac
tor for thymocytes [3S-39] and mature CD4+ 
and CDS+ T-cells [40-41] and to stimulate rest
ing T -cells to proliferate both directly and 
through an IL-2 dependent pathway [40-45]. 
This latter activity can be attributed to IL-7 
induced expression of IL-2 receptors. IL-7 has 
also been shown to help in the generation of 
CTL [3S,46-4S] and lymphokine activated killer 
(LAK) cells [47,49-50]. IL-2 is a growth-factor 
for CTL [51], helper T -cells [52], natural killer 
(NK)cells [53] and LAKcells [54], thereby stimu
lating specific as nonspecific immune response 
mechanisms. In addition it induces the secretion 
of secondary cytokines by IL-2-responsive cells. 

Most of the described murine models used 
virally or chemically induced leukemias, which 
are therefore already immunogenic when simply 
irradiated [16]. We have developed a model sys
tem to study this tumor-vaccination approach 
using non-immunogenic, spontaneous murine 
WEHI3leukemia cells. 

Material and Methods 

Mice. Pathogen-free female BALB/c and C57 Bl/6 
mice, 10-14 weeks old, were obtained from 
Hadan-Sprague Dawley (Indianapolis, IN). 

Leukemia fines. WEHI3: a rapidly fatal acute 
myelomonocytic leukemia, spontaneously deve
loped and of Balb/c origin, cells are non
immunogenic and express dass I MHC 
molecules [55]. C149S: acute myeloblastic 



leukemia of C57B1/6 origin [56]. Both lines were 
obtained from ATCC and were maintained in 
IMDM/Io% fetal calf serum (FCS). Cells were 
washed 3 times in PBS before injected into mice. 

Retroviral vectors. Vectors used for transduction 
were the LN-based G1Nab CVhIL-2 (titer range 1 
to 5 X 104 cfu/mI) vector in which the neoR selec
table marker was driven by the Moloney murine 
leukemia virus long terminal repeat (LTR), and 
the human IL-2 cD NA driven by the 
cytomegalovirus (CV) earlyenhancer/promoter. 
The vector was provided as frozen supernatant 
from Genetic Therapy, Inc. (Gaithersburg, MD). 
The JZEN hIL-7/tk neo (titer range 1 to 10 X 106 

cfu/mI) was constructed with the neoR gene dri
ven by the thymidine kinase promoter, and the 
h1L-7 cDNA under the transcriptional control of 
the myeloproliferative sarcoma virus L TR 
(Graeme J. Dougherty, Terry Fox Lab., 
Vancouver, Canada)[23]. This construct was 
packaged in the GP + env AM 12 amphotrophic 
cell line and subcloned to produce high-titer 
stocks [57] (Fig. 1). 

Gene transfer. About 1-2 x 106 exponentially grow
ing leukemic target cells were grown in 10 ml 
supernatant of high titer retroviral-packaging 
ceIllines in the presence of 4-8 Ilg/ml polybrene 
for 2-18 hrs. Following selection in cultures con
taining the neomycin-analog G418 (0.5-1.0 
mg/mI bioactive G418) for 1-2 weeks, the surviv
ing successfully transduced cells were subcloned 
by methylcellulose soft-gel-culture. Individual 
colonies were plucked and expanded in liquid 
culture. Using ELISA-assays (hIL-2- and hIL-7-
Quantikine, R + D Systems) to measure the pro
tein expression, highllow-cytokine producing 
clones were identified, expanded and viably 
frozen. 

Vaccination and leukemia chal/enge. Either cytokine
producing leukemic cells or a mixture of 
cytokine-producing NIH-3T3-fibroblasts with 
unaltered parentalleukemic cells were used for 
immunization. After irradiation (WEHI3: 1,000 
rad; C1498: 3,000 rad; NIH-3T3-fibroblasts: 
10,000 rad) to inhibit in vivo growth while pre
serving cytokine-production, the vaccine-prepa
ration was injected s.c. every 7 days for up to 4 
weeks. One week later, mice were challenged s.c. 
or i.v. with non-transduced, parental leukemic 
cells. Mice were followed up for local tumor
growth, development ofleukemia and survival. 

Results 

Murine leukemia models. Survival of mice injected 
with increasing doses of syngeneic leukemia 
cells (WEHI3, CI498) is shown in Table 1. 

Leukemia vaccines. The WEHI3 and C1498 
leukemia lines were transduced with either the 
JZEN hIL-7/tk neo or only the neoR-encoding 
control retroviral vectors. Table 2 shows the 
cytokine production of 106 ceIls124hrs from sta
bly transduced subclones. In addition, a sub
clone of NIH-3T3-fibroblasts, transduced with 
the G1Na CVhIL-2 retroviral vector is shown. 

Characterization of these subclones showed 
no difference in either morphologies or in vitro 
growth-rates in comparison to the parental cells. 
The hIL-7 production was stable over months. 
Following irradiation, the cytokine-production 
continued for up to a week at a level of 2/3 of the 
non-irradiated cells. These clones were used for 
further in vivo experiments. 

In vivo growth of h1L-7 transduced leukemia 
clones compared to the parental cell line. As 

neaR P CMV h1L-2 
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Fig. 1. Linear map of retroviral 
vectors 
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Table 1. Leukemogenicity ofWEHI3- and C1498-celllines in syngeneic hosts 

survival after leukemia cell injection (days) 
number of i.v. injected 
Cells/mouse C57BI6-C1498 Balb/c-WEHI3 

10' 14 11 

10' 20 16 
10' 22 20 
104 27(50% survival) 27(50% survival) 
10' 100% survival 100% survival 
10' 100% survival 100% survival 

The data represent the medium survival in days of 4 mice per dose. Shown are the 
Balb/c derived WEHI3leukemia and the C1498 derived C1498 leukemia 

Table 2. Sub clones genetically engineered to produce hIL-2 or hIL-7 

transduced cellline retroviral vector subclone+ 

C1498 JZEN hIL-7 #7 
#15 

WEHI3 JZEN hIL-7 #23 
#2 
polyclonal 

NIH-3T3 G1NaCVIL-2 #5 

shown in Figure 2 for the WEHI3- and in Figure 
3 for the C1498-models, no statisticaHy signifi
cant differences could be observed in the sur
vival times of mice injected with unirradiated 
hIL-7 transduced subc10nes in comparison to 
unaltered parental cells. 

""'7-
=-: =-
I 5X1cf 

C' - 5X1cf .. 
! 
E 

5x1 cf ::I 
C --8 0 5 10 

cytokine-production 
of 10' cellsll24 hrs 

9870 pg 
13730 pg 
2680 pg 
8250 pg 
7860 pg 

21,000 pg 

No growth difference could be observed, 
when the same ceH preparations were injected 
s.c. (I x 106)(data not shown). 

Vaccination studies. Mice were vaccinated with 4 
S.c. injections (1- 5 x 10' cells; one injection 

15 20 

.WEHIS 

o WEHII-IL7/c1one12 

• WEHII-IL7/c1one12 

25 30 

survlval (days) 
Fig.2. Survival ofBalb/c mice i.v.-injected with WEHI3-leukemia or IL-7 producing subclones 
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Fig.3. Survival ofC57Bl/6 mice i.v.-injected with C1498-leukemia or IL-7 producing subclones 

weekly) of a panel of different vaccine-prepara
tions_ Subsequently, the mice were challenged 
with s.c.-injections (2-5 x 105 _106, in a volume 
of 100 J..lI) or i.v.-injections (5 x 104, in a volume 
of 300 J..lI) of the parental cellline. 
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Figure 4 confirms that WEHI3 is a non
immunogenic cell line. Balb/c mice vaccinated 
with high-IL-7-producing WEHI3 cells ( clone 
#23 and the polyclonal preparation) showed sys
temic protection and rejected an i.v. challenge 
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Fig.4. Survival of vaccinated and i.v.-challenged Balb/c mice.1O' leukemic cells and 5 x 10' (low dose) or 5 x 10' 

(high dose) IL-2 producing fibroblasts were used in the vaccine-preparation 
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with 5 x 104 parental WEHI3 ceIls (43% and 40% 
survival, respectively). Vaccination with a low
IL-7-producing WEHI3 clone (clone #2) showed 
no protection. 

When vaccinated with a mixture of 106 

parental WEHI3 ceIls and IL-2 producing NIH-
3T3-fibroblasts (5 x 10' or 5 x 106 ), only the 
preparation with 5 x 105 IL-2-producers showed 
systemic protection upon a subsequent i.v. chal
lenge with parental WEHI3 ceIls (60% survival); 
with a lO-fold higher local IL-2 "dose" (5 x 106 

IL-2-producing ceIls) this protective effect was 
lost again. 

When mixing (s x 106) IL-2-producing NIH-
3T3 ceIls (no protection when used alone) with 
106 IL-7-producing WEHI3 ceIls (43% protection 
when used alone) for vaccination, an increase in 
survival to 60% after i.v. challenge was observed. 

The same vaccination-schedule as described in 
Figure 4 foIlowed by a s.c. challenge of paren
tal ceIls (2.S x 105 _106 ) did not show any differ
ence in local tumor-growth (data not shown). 

The C1498 ceIl line, although spontaneously 
arosen in CS7Bl/6 mice were strong immuno
genic after their irradiation, as 4 out of S mice 
survived the i.v. challenge of S x 104 ceIls in this 
group. Surprisingly, 4 out of S mice died in the 
group vaccinated with the hIL-7 producing sub
clone (Fig. 5). This illustrates that the process of 

0 Fig. 5. Survival of vaccinated and 

~ 
i.v.-challenged C57Bl/6 mice 

I 
I 

vaccination 
wIth Irrad. 
C1498-IL-7 
clone 1115 

selecting a high cytokine producing subclone 
can result in a clone that no longer represents 
the antigenic spectrum of the parental ceIls. 

Discussion 

We have shown that transduction of the non
immunogenic murine leukemia line WEHI3 
with the gene for human IL-7 elicits a systemic 
anti-leukemic immune response and causes 
rejection of leukemia in vaccinated syngeneic 
hosts. This effect was dose-dependent; only 
leukemic cells expressing high levels of IL-7, as 
compared to lower-level producers, stimulated 
an immune response. 

Using the same vaccination approach with a 
mixture of hIL-2 producing NIH-3T3-fibroblasts 
with parental WEHI3 leukemic ceIls, we saw a 
protective immune-response against WEHI3 
leukemia as weIl. The observation that the pro
tective vaccination-effect vanishes with a lo-fold 
increase of local IL-2 production at the vaccina
tion site, is in accord with previous reports of an 
"optimal dose" of local IL-2 production with 
no protective effect below or above this 
"window" [S8]. 

Although it was possible to vaccinate success
fuIly with irradiated IL-7 producing leukemia 



ceIls, no differences in development ofleukemia 
and survival-times could be detected when these 
IL-7-producers were i.v. injected and compared 
to the unaltered parentalleukemia. As has been 
seen in other leukemia models [59], the 
leukemia most likely develops too rapidly to 
give any emerging immune response time to 
prevent leukemia outgrowth. 

We observed protective effects of our vacci
nation-protocol in i.v. - but not in s.c. - chal
lenged mice. The reason is most likely, that 
2.5 x 105 ceIls s.c. are too large of a tumor-load to 
detect an immune response in our model. 

The C1498/C57Bl!6 leukemia model has not 
proven to be suitable for our vaccination studies 
because of strong inherent immunogenicity of 
irradiated ceIls. In addition, this model illus
trates the hazard ofloosing the antigenic hetero
genicity when subcloning steps are included in 
the preparation of the vaccine. Prior studies 
have noted that it was not uncommon for a sin
gle spontaneous tumor to elicit heterogeneity in 
regard to antigen-expression or sensitivity to 
immune effector mechanisms [60-61]. Use of 
"polyclonal" vaccine-preparations and a combi
nation of induction of different effector mecha
nisms may eventuaIly overcome these 
difficulties. We are now examining various 
immunological parameters of our model, as weIl 
as studying B7/BB1- and mGM-CSF-vaccines as 
weIl as different vaccine combinations. 
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Introduction 

Immunotherapy is a logical approach for the 
strategy of a currative treatment for acute 
leukemia since allogeneic bone marrow trans
plantation had demonstrated the benefit of graft 
versus host disease (GVHD) to reduce the 
relapse rate [1,2]. In vivo administration of rIL2 
is able to induce complete response in acute 
myeloid leukemia and in non Hodgkin lym
phoma however usually with a short duration of 
response. Minimal residual disease obtained 
after autologous bone marrow transplantation 
(ABMT) seems the best situation to test the 
capacity of IL2 to mimic graft versus leukemia 
effect (GVL). We present here a summary of the 
activity of rIL2 administration in relapsed and 
refractory leukemia, and the preliminary data 
on follow up of patients receiving IL2 after 
ABMT in first complete remission (eRI). 

Activity of IL2 in Refractory or Relapsed 
Acute Leukemia 

Patients and methods. Table 1 shows the character
istics of the population, underlying the fact that 
67% of the patients had been heavily pretreated 
with autologous or allogeneic BMT, and that 
43% of the patient were in second relapse. rIL2 
(Roussel Udaf 49637) has a specific activity of 
10 x 106 biological response modifier units per 
milligram of protein and was administrated as a 
15 min bolus. Treatment consisted of three 
cydes of 5 days starting Dl, D15 and D29 and 

Institut Paoli Calmettes, 13273 Marseille Cedex 9, France 

rIL2 was given at the dose of 8 millions of inter
national units (MIU)/m'/bolus three times per 
day (15 bolus) during cyde 1 and twice daily (10 

bolus) for cyde 2 and 3. Toxicity management 
has been detailed previously [3,4]. 

Patients were scheduled to receive at least 
two cydes in the absence of serious toxicity, the 
third cyde was given only in stable or respon
sive disease. 

Results. 34% of the patients received three cyde 
and 70% received at least two cydes. When 
cydes were began, the dose administrated was 
80, 78, 70% of the scheduled dose for cyde 1, 2, 3 
respectively. 

Table 1. Characteristics of the patients 

AML ALL 
n 30 19 

Age 39 28 
(4-65) (12-48) 

<15Y 2 3 
16-59 Y 23 16 
>60Y 3 0 

noBMT 18 8 
Allo 5 0 
Auto 7 11 

primary 
Refractory 4 0 

Relapse first! 
second 16/10 1118 

Fab MO=3Ml=4M2=4 LI = 6L2= 13 
M4=6MS=9M6 =1 T=4 

CDlO and/or 
CD 19=14 



Incomplete administration of IL2 was related 
to elassical reversible adverse effects of IL2 pre
viously described (mainly capillary leak syn
drom). Two patients died of interstitial 
pneumopathy (documented with CMV in one 
case). Thrombopenia occured in all patients and 
required platelet transfusions. 

Phenotype Iymphocyte analysis and cytotoxi
city against K562 and Daudi celilines was per
formed on day 0 and 8 on some patients as 
previously described. This analysis showed a 2 
fold increase of CD3+ Iymphocytes, a 2.5 fold 
increase of CD56 + CD3 - Iymphocytes, a 1.4 
increase ofLAK activity and a 2.5 increase ofNK 
activity. 

Bone marrow aspiration were performed at 
Dl, D15 and D35. Table 2 shows the results of the 
antileukemic activity of IL2. 

Complete and partial response were observed 
in 15% of AML. Eleven additional patients 
showed also elearance of blast cells (Preisler rel
ative resistance type 11 = transient elearance; 
relative resistance type III = pancytopenia with
out blasts cells). This lead to an overall 41% and 
21% evidence of activity in acute myeloblastic 
and Iymphoblastic leukemia repectively. Com
plete and partial response were observed usually 
rapidly after the first cyele, never last more than 
three months and correlation with immune acti
vation could not be established [3,4]. 

IL2 Administration after Auto BMT 
for Acute Leukemia in First Remission 

Patients and methods. Our institution had conduct
ed various trial of unique (6-12 days) adminis
tration or sequential administration (5 cyeles) of 
escalating doses ofIL2 after ABMT [5,6]. Table 3 
show the characteristics of aselected population 

Table 2. Anti leukemic activity of IL2 

AML ALL 
n 30 19 

Inadequate trial 3 0 
Evaluable 27 19 
Absolute resistance 16 lS 
CR 3 0 
PR 0 
Relative resistance 7 4 
type II/III 
Overall response 11/27 (41%) 4/19 (21%) 

Table 3. Characteristics of the patients 

AML ALL 
n IS 26 

Age 41 28 
(17-SS) (16-S9) 

FAB MI-M3/M4- S/7/3 12/14 
MS/MoM7/LI/L2 

WBC at diagnosis (XlO'/1) 26 30 
(1-lS7) (2-230) 

t(9,22) or t(4,11) 0/8 6/1S 
Diag-ABMT 4·3 S·2 

(months) (3-8) (3-10) 
ABMT-IL2 (months) 2·4 2.2 

(1.4-4) (1-3) 
Scheduled level ofIL2 

Level 12: 11 19 
16/20/24 2/1/1 2/1//4 

of patients with: 1) AL in CRl; 2) after CyTBI 
conditioning regimen for unpurged ABMT; 3) 
enrolled in various phase 1 and III trial of 
sequential IL2; 5) with a minimal follow up since 
AB MT of 12 months. 

Therapy before ABMT . consisted homoge
nously of a BFM like regimen (induction, con
solidation, interval therapy) for ALL patients 
and standard induction and consolidation with 
intermediate dose of ARAC (500 mg/rn' x 8 
doses) for AML patients. 

Roussel Uelaf rIL2 was administered after 
complete hematologic reconstitution. Treatment 
consisted in five cyeles beginning Dl, D15, D29, 
D43, D57. Cyele 1 consisted in five days therapy 
and the other four cyeles of 2 days of therapy. 
IL2 was given in continuous 24 ho urs infusion at 
doses ranging from 12, 16, 20 to 24 MIU/m' per 
day. 

Results. Figure 1 and 2 describe feasability of the 
scheduled treatment wich was slightly better for 
ALL (total dose 132 MUI/patient) than for AML 
(115 MIU/patient). However overall, the daily 
dose per patient was constantly inferior to low
est level of dose initially prescribed (10 
MIU/day/m' for ALL, 8.8 MIU/day/m' for AML). 

Toxicities leading to discontinuation of IL2 
have been described (on the totality of the popu-
1ation of the phase 1 trial) and occured in 6%, 
11%, 16% and 36% of the patients for the 12, 16, 
20,24 MIU dose level respectively [6]. 

Beside the constitutional syndrom and the 
hemodynamical toxicities, unusual neurotoxici
ty (seisure, coma, 12%) have been observed for 
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Fig.l. Patients starting a cyde (ratio). 0 LAM,. LAL 

Fig. 2. Dose of rIL2 infused to patients (average) 

the highest level of dose and for patients receiv
ing IL2 earlier than 2 months after TB!. 
Secondly, unusual rate of gram negative (9%) 
septicemia in non neutropenic patient have 
been observed. 

Immune activity had been sequentially stud
ied and showed rapid and sustained stimulation 
of NK and LAK activity with 3 and 2 fold 

increase of the K562 and Daudi cellline cytolysis 
respectively. 

Table 4 describes the early follow up of the 
patients and shows a higher relapse rate for ALL 
than for AML. With a median follow up of two 
years, probability for relapse and survival are 
27% and 87% for AML and 55% and 63% for 
ALL. 



Table 4. Outcome of ABMT patients after IL2 

AML ALL 
n 15 26 

Follow up (months) 22 29 
(13-54) (14-56) 

Relapse: n 7 14 
Time of relapse 4-0-13 4-4-4-4 

(months from ABMT) 5-15-27 66-88-9 
33 10-12-14-16 

Remission duration 
med/months 23120 20/14 

Alive: n 12 14 
Alive in CCR: n 8 12 
KM probability of 

relapse at 2 y 27% 52% 
KM probability 

of survival 8i?!o 63% 

Discussion 

Wehave presented here up dated data on 
activity of IL2 in acute leukemia conducted in 
France since 1990. 

The results of the phase II study in refractory 
or relapsed acute leukemia confirm that high 
dose rIL2: 

• is able to induce stimulation of lymphokine 
activated killer and natural killer cell activity, 

• is able to induce complete remission in AML 
(15%). Mechanism of response to IL2 is not elu
cidated and may involved, apart the immune 
activation, upregulation of cell surface adhe
sion molecule ICAM1 and LFA3 on leukemia 
cells and faciIitation of their dearance [7]. 

Since the first results [3, 4, 8], other observa-
tions of complete response in AML and 
myelodysplasia has been reported with low dose 
rIL2 [7-10]. On the other hand only minimal 
response has been observed in acute lymphoid 
leukemia despite increased immunological 
effectors. We also report a summary of feasabili
ty of rIL2 after ABMT. Immediate administra
tion after TBI conditioning regimen has been 
reported as toxic in a pediatric population [n] 
and current strategy lead to administer continu
ous infusion after full hematologic reconstitu
tion for a two to 3 months exposure [12,13]. 

We report that 10 to 12 MIU/m2/day is usually 
regularly tolerated for AML or ALL after ABMT 
in CR1 in sequential administration of 13 days 
over a two months period. This schedule pro
vide a high degree of LAK and NK activity. 

On a population of adult patients in CR1 with 
a median follow up of two years, probabiIities 
for relapse and survival are 27% and 8iYo for 
AML and 52 and 63% for ALL respectively. 

There results challenge with historical contral 
and do not show at the present time - at least 
for ALL patients - evidence of improvement. 
This observation is in agreement with the results 
of the phase II trial which show lower activity of 
IL2 in ALL than AML. 

A European randomized study in CR1 adult 
AL has been dosed in september 93 induding 
190 patients and results should be waited. 

In vivo IL2 administration is the first step of 
active immunotherapy in acute leukemia. Major 
non specific immune activation has been dearly 
obtained. Specific antiIeukemia activity should 
certainly be also the goal of future dinical 
research. 
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Abstract. The limitations encountered with the 
administration of high dose exogenous inter
leukin-2 (IL-2) have triggered the search for 
alternative immunotherapeutic approaches or 
delivery modalities. Studies carried out in exper
imental tumor models suggest that the tumor
genic potential can be reversed following 
transduction of different cytokine genes into the 
DNA of the neoplastic cells. Transfer of the IL-2 
gene has also been associated with the genera
tion of anti-tumor specificity and anti-tumor 
memory. These findings have led to the activa
tion of the first clinical vaccination protocols 
with human tumor cells engineered to release 
IL-2 in patients suffering from different tumors. 
Here, we shall report on the feasability of insert
ing the IL-2 gene into human acute leukemia 
cells and the possibility of using this approach 
for the management of patients with acute 
leukemia. 

Introduction 

Immunotherapy with exogenous interleukin-2 
(IL-2), with or without the concomittant admin
istration of ex-vivo generated lymphokine acti
vated killer (LAK) cells, has enabled objective 
clinical responses in a proportion of patients 
with renal cell carcinoma and metastatic 
melanoma which can be estimated in the range 
of approximately 5 to 20 % [1-3]. Although these 
figures are relatively low, it should be noted that 
these responses have been long-lived. 

Extensive pre-clinical studies, followed by the 
first clinical applications, have led to the belief 
that IL-2 based immunotherapy can be consid
ered as a therapeutic option also for the man
agement of a proportion of acute leukemia 
patients (for review see 4). This is based initially 
on experiments performed in vitro and in vivo 
in immunosuppressed nude mice [5-8], and, 
thereafter, on the first pilot studies carried out 
in acute leukemia patients [9-14]. These latter 
have allowed over the years to drawa number of 
conclusions. First, it has been shown that high 
doses of IL-2 can be administered to acute 
leukemia patients. In our experience, side effects 
have been acceptably managed using a continu
ous Lv. infusion and a daily dose-escalating pro
tocol. In general, the clinical responses have 
been scarce in patients with a large leukemic 
mass, while complete remissions have been doc
urnented in acute myeloid leukemias (AML) 
with a limited proportion of residual bone mar
row blasts. Wehave recently updated our results 
in 14 AML patients with less than 30 % residual 
bone marrow blasts and treated with high dose 
IL-2 [14]. Eight of the patients achieved a co m
plete remission (CR) with IL-2 alone and in 5 
this persists between 15 and 69 months later. In 
all 5 patients the IL-2-induced remission has 
been the longest in the natural history of the dis
ease. These encouraging results need now to 
obtain further confirrnation through random
ized studies in 1st or 2nd remission AML. In Haly 
we are currently conducting a multicenter study 
in AML patients in 2nd CR (remission induced 
with the same re-induction protocol) who are 
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randomized to receive or not two cycles of high 
dose IL-2 and, thereafter, a monthly "mainte
nance" protocol with lower doses of IL-2. 

Another obvious condition of potential 
immunotherapeutic intervention is in the set
ting of autologous bone marrow transplantation 
in the hope of boosting the immune system of 
the host to control or eradicate the disease at a 
time of minimal tumor burden. The results so 
far accumulated indicate that IL-2 may be 
administered to autograf ted patients of both 
adult and childhood age [15-19], though no 
clearcut evidence of a beneficial clinical 
response has so far been provided. There is still 
no uniform consensus on the optimal timing 
and doses ofIL-2 given post-transplantation. 

Both in solid tumors and in acute leukemia 
patients the administration of high doses of IL-2 
is coupled with notable phenotypic and func
tional changes within the immune system of the 
recipient [20-23]. The most relevant changes are 
the increased natural killer (NK) and LAK func
tions, as weIl as the generation of endogenous 
LAK effectors. Studies carried out in acute 
leukemia patients have shown that these 
changes occur also in bone marrow lymphocytes 
[23]. A cascade of different cytokines is also 
induced in vivo in the treated patients ([24], and 
own data). These include interferon (IFN)-y, 
tumor necrosis factor (TNF)-a, 11-3, IL-5, GM
CSF and are likely to playa primary role in so me 
of the side effects and clinico-hematological 
changes which occur in patients treated with IL-
2. Unfortunately, these immunological modifi
cations appear to take place in practically all 
leukemic patients treated with IL-2 and no cor
relation has so far been observed with the clini
cal response to IL-2 [23], although the degree of 
immune response appears greater in patients 
with more limited disease [14]. The functional 
changes that occur in autografted patients are 
more evident than in non-graf ted ones [17], 
demonstrating the presence in the former of an 
expanded NK and LAK cell compartment. 

Despite so me quite unequivocal objective and 
prolonged remissions in different tumors, a 
wider use of high dose IL-2 in the management 
of neoplastic patients has been hampered by at 
least three relevant considerations: 1) the more 
or less severe toxicity that affects all patients; 2) 
the heterogenous and so far unpredictable 
response to IL-2, and 3) the lacking demonstra
tion that the administration of exogenous IL-2 is 
capable of activating cytotoxic T-Iymphocytes 
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(CTL) directed specifically against the tumor of 
the treated patient. These considerations have 
prompted the search for possible alternative 
administration modalities, including the use of 
lower doses of IL-2 over a longer time period, 
the subcutaneous adminstration route and the 
combined utilization of IL-2 with cytotoxic 
drugs and other biologic response modifiers or 
with the hormone melatonin [25]. 

Over the last few years it has been shown that 
cytokine genes can be productively inserted into 
the DNA of animal and human tumor cells. This 
has opened innovative theoretical and practi 
cal prospects in the treatment of patients with 
cancer. 

Cytokine Gene Transfer into Tumor Cells 

It has been convincingly shown that the genes 
for practically all cytokines and growth factors 
can be successfully introduced into the genome 
of experimental tumor cells (for reviews see 
[26-28]). Through different mechanisms the 
release of the related protein leads in most cases 
to a reduced abrogated tumor growth capacity. 
In addition to exploring the modifications 
induced in the tumorgenic potential of the engi
neered cells. cytokine gene transfer technologies 
have introduced new ways of assessing the 
immunogenicity of the neoplastic cells. Indeed, 
particularly with the IL-2 gene two of the prima
ry goals of any immunotherapeutic protocol 
have been fulfilled, since in different experimen
tal models it could be shown that the constitu
tive release of low doses of IL-2 was combined 
with anti-tumor immunologic memory [29-31]. 

As a follow-up of the studies carried out in 
animal tumors, efforts have aimed at assessing 
whether human neoplastic cells could also be 
transduced with cytokine genes. The results so 
far obtained indicate that human tumor cell 
lines of various origin can be successfully engi
neered to release different cytokines (for review 
see [26]). In view of the results obtained in a 
proportion of cancer patients with the adminis
traton of exogenous IL-2, the majority of studies 
have aimed at investigating the IL-2 gene. It has, 
thus, been shown that following retroviral vec
tor mediated gene tranfer human melanoma 
and renal cell carcinoma cell lines may be 
induced to release variable amounts of IL-2 
[32-35]. When studied in nude mice, the IL-2 
gene transduced neoplastic cell lines no longer 



grew in vivo. Recent evidence suggests that in 
some human melanoma lines the IL-2 released 
by the engineered cells may induce, in co-cul
ture experminets with autologous lymphocytes, 
the generation of eTL directed specifically 
against the autologous tumor cells [36]. 

Based on the results obtained in experimental 
tumor models and, more recently, with human 
cancer cells it appears that at least two major 
limitations associated with the administration of 
high doses of exogenous IL-2, i.e. toxicity and 
generation of a specific anti-tumor response, 
may be potentially circumvented following 
transduction of the IL-2 gene into the neoplastic 
cells. Thus, vaccination protocols aimed at 
immunizing patients with different tumors, 
largely melanoma and renal cell carcinoma, with 
IL-2 gene transduced allogeneic cell lines have 
been designed and activated both in the US and 
in Europe. These are phase I pilot studies aimed 
at investigating the feasibility of such an 
approach. Immunological monitoring of the 
treated patients will also allow to verify whether 
through this therapeutic strategy a specific anti
tumor response can be generated. Should this be 
the case, cytokine gene therapy will gain further 
impetus and protocols aimed at treating neo
plastic patients with less advanced disease will 
be justified. 

IL-2 Gene Transfer of Human Acute 
Leukemia Cells 

The clinical results and limitations recorded 
with the exogenous administration ofhigh doses 
of IL-2 and the knowledge that the IL-2 gene can 
be inserted into DNA of different human tumor 
cell lines prompted our group to investigate 
whether the same gene tranfer approach could 
be extended to acute leukemia cells. The results 
so far observed [37] which are summarized in 
Table 1, indicate that using retroviral vectors the 
IL-2 gene can be successfully inserted into the 
DNA of acute leukemia cell lines. This holds 
true for lines ofboth myeloid and lymphoid ori
gin. Evidence of DNA integration of the IL-2 
gene is shown in Figure 1. 

Though the overall levels of IL-2 released by 
the leukemic celllines appear to be lower com
pared to those from celllines derived from solid 
tumor patients (Table 2), the engineered cells 
can be subcloned by limiting di!ution in order to 

Table 1. Results obtained foIlowing retroviral vector 
transfer of the IL-2 gene into human acute leukemia 
ceIls 

a) Acute leukemia ceIllines of both myeloid and lym
phoid origin may be transduced with the IL-2 gene 

b) This leads to the constitutive release of variable 
amounts ofIL-2 

c) The transduction of the IL-2 gene does not modify 
the phenotypic or proliferative properties of the 
engineered ceIls 

d) The tumorigenic potential of IL-2 gene transduced 
ceIls is reduced or abrogated 

Table 2. Levels of IL-2 released by human tumor ceIl 
lines transduced with the IL-2 gene 

CeIllines studied (No.) 

Melanoma (6) 
Renal ceIl carcinoma (7) 
Neuroblastoma (1) 
Lung adenocarcinoma (1) 
Acute leukemia (5) 

IL-2 released 
(U1106 ceIls/48h) 

1-139* 
4-72* 

220* 
200* 

1-20*° 

*Range of IL-2 secretion from the different lines 
°Subclones: 0.3-90 U of IL-2 

obtain clones which produce variable amounts 
of IL-2. Horizontal studies have shown that the 
transduced cells continue to release consistent 
amounts of IL-2 for at least four months. An 
important issue that needed to be verified was 
the possibility that the integration of the IL-2 
gene and subsequent protein release could mod
ify the properties of the parental cells. Extensive 
studies have shown that the phenotypic features 
of the transduced cens do not change; further
more, the alpha and beta chains of the IL-2 
receptor are not upmodulated, nor could 
changes in the mRNA expression of different 
cytokine and growth factor genes analysed by 
RT-PCR be documented. Finally, the prolifera
tive status of the parent and engineered cens 
remained unmodified. In order to establish 
whether the IL-2 producing leukemic cens 
changed their tumorgenic potential experiments 
were set in immunosuppressed nude mice, which 
represent the best model to study "in vivo" 
human acute leukemia cens. The results obtained 
demonstrate that while the parent leukemic cells 
induce the formation of a leukemic mass in nude 
mice, the IL-2 gene transduced clones show a 
reduced or abrogated tumorgenicity which par
allels the levels of IL-2 released by the leukemic 
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Fig.l. IL-2 gene expression in parental and transduced leukemic cell lines analyzed by RT-PCR. 
N 2 = control vector 

clones. Since the nude mice employed are defi
dent in T and NK cells histological sections were 
performed and it was shown than the IL-2 gene 
transduced tumor cells were capable of recruit
ing monocyte macrophages. 

Future Perspectives 

The preliminary results so far obtained in 
melanoma and renal cell carcinoma patients vac
cinated with allogeneie tumor cells transduced 
with the IL-2 gene indicate that this approach is 
feasible in terms of individual tolerability. 
Systemie side effects have not been observed and 
the only recorded changes have been local ery
thematous rashes. On clinical grounds some evi
dence of disease stabilization has been suggested. 
Phenotypie and functional studies of the 
immunologie compartment of the treated 
patients are being carried out in order to assess 
the effectiveness of the low quantities of IL-2 
released in vivo by the engineered tumor cells. 
While this new therapeutie approach can thus be 
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considered safe for the patients and easily car
ried out on an out-patient basis, in view of the 
clinical status of the patients so far enrolled, i.e. 
with advanced and resistant disease, it is less 
likely that significant clinieal and biologieal 
information will be obtained. Several data, in 
fact, indieate that should immunotherapy have a 
role in the management of patients with cancer 
this is likely to occur in the setting of limited or 
minimal disease. This has been convincingly 
shown on clinieal grounds in acute leukemia 
[11,14]. Furthermore, in vitro data indicate that 
the IL-2 stimulated cytotoxie compartment of the 
host directed against the autologous leukemic 
blasts is most often depressed in patients with 
advanced disease, while frequently restored in 
patients in remission of their disease [38]. 

Based on several considerations, acute 
leukemia patients, particularly of myeloid ori
gin, represent potentially ideal candidates of a 
vaccination scheme with IL-2 gene transduced 
tumor cells. These include the evidence that: 1) 
long-Iasting complete remissions have been 
obtained in AML with limited bone marrow 



disease with high dose exogenous IL-2; 2) IL-2 
may generate, in complete remission patients, 
LAK directed activity against autologous tumor 
cells; 3) the kinetics and overall prognosis of 
adult AML allow to consider the enrolment of 
patients in remission (this is less realistic for 
patients with solid tumors). The pre-clinical 
results so far obtained indicate that acute 
leukemia cell lines may be successfully trans
duced to release constitutively relatively low 
amounts of IL-2, which, in turn, are capable of 
hampering the tumorigenic potential of the 
leukemic blasts without changing the phenotypic 
and functional properties of the engineered cells. 
Experiments are currently underway to assess 
whether through this approach the generation of 
specific anti-Ieukemic CTL may be documented. 
Should this be the case, on the one hand the pos
sibility of designing pilot studies of cytokine 
gene therapy for the management of acute 
leukemia patients will gain further strength, and, 
on the other hand a technical tool aimed at a bet
ter definition of the immunogenicity of human 
leukemic cells may be made available. 
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Introduction 

The increasing use of allogeneic bone marrow 
transplantation has led to unequivocal evidence 
for the efficacy of immunotherapy in the treat
ment of acute leukemia. It is now known that 
syngeneic transplantation, T lymphocyte deple
tion and the absence of graft-versus-host disease 
all increase the risk of relapse following allo
geneic transplantation for the myeloid 
leukemias, both acute and chronic. Leukemia
specific immune responses appear to play a 
major role in the therapy of the myeloid leuke
mias. In re cent years attempts have been made 
to better characterize and effectively utilize 
these antileukemic immune responses. A benefi
cial effect is more likely to be seen when the 
tumor burden is low and such efforts have 
therefore concentrated on dinical states of min
imal residual disease. This review will discuss 
the role of the novel immunomodulator roquin
imex following autologous bone marrow trans
plantation for myeloid leukemias, and will focus 
on re cent experience and ongoing dinical trials 
in acute myelogenous leukemia and chronic 
myelogenous leukemia. 

Immunotherapyfor Myeloid Leukemias 

Historically, the concept of immunotherapy for 
myeloid leukemia had been investigated in sev
eral dinical trials [1-3], but critical evaluations 

could not establish a dear role for such therapy 
[4,5]. Nevertheless, bona fide anecdotal reports 
of spontaneous remission in AML continued to 
appear in the literature [6-9], all of these occur
ring in the setting of infection, consistent with 
the observation that antibody responses to 
pseudomonas may be correlated with improved 
probability of chemotherapy-induced complete 
remission [10]. 

With the advent of allogeneic bone marrow 
transplantation as curative therapy for AML, the 
role of immunotherapy in the myeloid 
leukemias became unequivocally established 
[11-19]. The data supporting the role of a graft
versus-leukemia [GVL] effect emanated from an 
increased rate of leukemia relapse following 
syngeneic transplants or after T cell depletion 
for allogeneic transplantation and the apparent
ly beneficial effect of graft-versus-host disease 
[GVHD] in maintaining a long-term disease
free survival. Other clinical data supporting a 
GVL effect have come from reports of patients 
with recurrent disease who enter remission after 
a flare-up of GVHD or after induction of GVHD 
with infusion of peripheral blood buffy co at 
cells, or following withdrawal of immune sup
pressive therapy [20-26]. Due to the dose asso
ciation of GVHD and GVL it was initially 
thought that any beneficial effect of GVL could 
only be demonstrated in the allogeneic bone 
marrow transplant setting. It was presumed that 
GVHD and GVL are mediated by the identical 
subset of cells. However, only about 20-30% of 
patients have a histocompatible sibling and, 
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although the use of matched unrelated donors is 
increasing [27-29], the toxieity associated with 
these procedures is often prohibitive. Attempts 
have therefore been made to identify the effector 
ceIl, or ceIls, associated with GVL and develop 
methods to induce their proliferation or reactiv
ity in circumstances devoid of classic GVHD 
such as autologous bone marrow transplanta
tion. The theoretical advantages are enormous 
in that the hitherto main cause of treatment fail
ure after autologous bone marrow transplanta
tion - high relapse rate - may be significantly 
lowered. AdditionaIly, the toxicity from autolo
gous transplantation, both morbidity and mor
tality, is far less than from any form of 
aIlogeneie bone marrow transplantation. 
Furthermore, this would considerably widen the 
availability of this form of therapy, as all 
patients can be their own donors and the upper 
age limit can often be extended to approximate
ly 65 years. 

Advances in the clinical use of immunothera
py have evolved around a clearer understanding 
of immunocompetent ceIls, and the various 
immunomodulatory substances coIlectively 
known as immunomodulating agents. The most 
important ceIls and agents involved in this co m
plex set of reactions and under active preclinieal 
and clinieal investigation are listed in Table 1. 

Immunocompetent Effector Cells 
Associated with Eradication of Minimal 
Residual Disease 

Natural killer (NK) and Iymphokine activated killer (LAK) 
cells. NK ceIls are known to have an inhibitory 
effect on normal hematopoiesis [30-31] as weIl 
as leukemie hematopoiesis l32] and established 
leukemia ceIllines [33]. The ability ofNK ceIls to 
lyse K562, a ceIlline derived from a patient with 
CML, suggests that enhancing NK ceIl number 
or activity might be clinicaIly useful. Both NK 

Table 1. The most important immunotherapeutic me
diators in the myeloid leukemias 

Immunocompetent cells Immunomodulating agents 

T-lymphocytes IL-2 
NK cells Roquinimex 
Macrophages Interferons 

Cyclosporine A 
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and LAK ceIls are capable of lysing allogeneie 
and autologous leukemia ceIls. FoIlowing aIlo
genie, and to a lesser extent, autologous bone 
marrow transplantation, there is a marked 
increase in the number of endogenously gener
ated activated NK ceIls [34-35]. These NK ceIls 
are often capable oflysing cryopreserved, recipi
ent CML ceIls in vitra as weIl as inhibiting 
leukemie progenitor colony growth without 
affecting colony-forming unit granulocyte
macrophage (CFU-GM) [36-37]. 

Data are available which suggest that the best 
prospect for enhancement of NK ceIl activity are 
in complete clinical remission or minimal resid
ual disease [38]. Furthermore, studies on NK ceIl 
function in patients with acute myelogenous 
leukemia (AML) after autologous bone marrow 
transplantation demonstrate an inverse rela
tionship between NK ceIl activity and the risk of 
leukemia relapse. Thus, low NK ceIl activity 
after autologous bone marrow transplantation is 
likely to prediet for a higher rate of relapse, and 
viee versa [39]. 

T Iymphocytes. It has been shown that antigenic 
tumors can be completely eradieated by the 
transfer of T ceIls specifically immune to the 
tumor-associated antigens [40-42]. The role of 
T lymphocytes and minimal residual disease in 
leukemias has now been established based on 
the previously cited data demonstrating that 
aIlogeneic transplantation with T lymphocyte 
depletion from the donor marrow leads to sig
nificantly decreased incidence and severity of 
GVHD as weIl as reduced GVL, leading to a 
higher leukemie relapse rate. The initial inter
pretation of these data were that T -lymphocytes, 
in some way, mediate both GVHD and GVL and 
the two are interdependent. However a large 
survey from the international bone marrow 
transplant registry (IBMTR) [43] reported that 
the relative risk for relapse for patients receiving 
T -lymphocyte-depleted marrow transplants was 
greater than that observed for patients undergo
ing syngeneic transplants and both were signifi
cantly greater than the risk of relapse in patients 
undergoing aIlogeneic transplantation without T 
ceIl depletion in whom GVHD did not develop. 
This suggests a T-Iymphocyte-mediated anti
leukemie effect that may be independent of 
GVHD or, at least, clinieaIly apparent GVHD 
[44]. It is highly likely that GVHD and GVL are 
not mediated by identieal ceIls, but rather over
lapping subsets of ceIls. Supporting these clini-



cal observations are experimental data showing 
antileukemic activity for both CD4 + and CD8 + 
ailoreactive cytotoxic lymphocytes [45-46), 
although the CD4 cytotoxic lymphocytes (CTL) 
appear to playa greater role than the CD8 CTL 
[47). Clinical data that may support the prefer
ential GVL effect of CD4 + ceils have been sug
gested from results of marrow purging with 
anti-CD8 monoclonal antibodies [48). In this 
report, although the residual CD4 T -cell were 
capable of causing GVHD, the incidence of 
GVHD was lower than expected with pharmaco
logic prophylaxis, and the relapse rate was much 
lower than expected. 

Macrophages. NK and LAK ceIls, macrophages can 
also be cytotoxic for tumor cells independent of 
the major histocompatibility complex (MHC). 
Published reports [49-51) describe the multiple 
potential effects of macrophages. They can be 
phagocytic, mediate antibody-dependent ceIlu
lar toxicity, or, like NK ceIls, macrophages may 
be preferentially cytotoxic for tumor ceils upon 
direct contact even in the absence of antibody. 
Numerous cytotoxic mediators have been impli
cated including cytolytic proteases, tumor 
necrosis-factor alpha (TNF-a) and related fac
tors, interferon alpha (IFN-a), interleukin-2 (IL-
2), reactive oxygen intermediates, arginase, 
thymidine and lysosomal enzymes [52). 

Roquinimex as an Immunomodulating 
Agent 

While several immunomodulating agents have 
been described, this report will focus on the pre
clinical data and clinical studies using roquin
imex. 

Predinical data with roqwntmex. Roquinimex 
(Linomide) is a quinoline derivative (Fig. 1) that 
is oraUy active. 

Fig. 1. The strueture of roquinimex 

This novel immunomodulator enhances T
ceil, NK cell and monocyte/macrophage activity 
[53-57). The broad immunomodulatory proper
ti es of roquinimex have been associated with 
therapeutic effects in both primary tumors and 
metastases as weil as parasitic and viral infec
tions in several rodent models [56,58-60). 

In a pilot study of patients with myeloid 
leukemia following autologous bone marrow 
transplantation, eleven patients were treated 
with roquinimex. The compound was adminis
tered intermittently, being given for three weeks 
then held for the other three weeks. In this way 
the patients acted as ilieir own controls enabling 
an accurate assessment of the activity of roquin
imex [61,62). Figures 2 and 3 show that the clas
sic NK immunophenotypes, CD16+ and 
CD56+/CD3-, were found to increase signifi
cantly during treatment cycles. 

These quantitative observations were accom
panied by functional studies which also indicat
ed enhanced cytotoxic activity of patient ceils 
against the NK-sensitive K562 ceilline (Fig. 4). 

Similar effects could be repeatedly observed 
with subsequent administrations of roquinimex 
(Fig. 5). 
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Fig.2. Absolute numbers (eellsIIlL) ofCD16+ NK-like 
eells in peripheral blood before, during and after 
roquinimex therapy. Pre-treatment values were ob
tained during the week preeeeding the start of roquin
imex therapy and on-treatment are from the week 
following the last dose in eaeh treatment eyele. Off
treatment values were obtained 2-3 weeks after eessa
tion of roquinimex. Reprodueed with permission [62J 



300 CD56 positive NK cells 

200 

::I -.. .. 
u p=0.0002 

100 

Pre On Off 

Fig.3. Absolute numbers (cells/JlL) of CDS6+ICD3 -
NK-like cells in peripheral blood before, during and 
after roquinimex therapy. Other details as in legend to 
Figure 2. Reproduced with permission [62] 
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Fig. 4. Changes' in the cytotoxic activity of patient 
cells during roquinimex therapy. Cytotoxic activity 
was measured in the standard chromium release assay 
against the NK-sensitive KS62 cell line. Reproduced 
with permission [62] 

Time (Weeks) 

Fig.5. Prospective monitoring of the percentage of CD16 + and CD56+ICD3- cells in peripheral blood in one 
patient. Treatment periods are indicated by shaded areas. Reproduced with permission [61] 
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The cyclic effect on the CD14 + monocytic 
ceils was also observed (data not shown). 

In these pilot studies, no harmful effects on 
engraftment were observed and the side effects 
in general were mild to moderate. These consist 
mainly of musculoskeletal aches, nausea, vomit
ing, edema, skin rash and diarrhea - aH of which 
were usuaHy easily managed with symptomatic 
treatment. 

In addition to the enhancement of NK ceH, T
ceil and monocytic activity, roquinimex also 
enhances the delayed hypersensitivity reaction, 
the ability of lymphocytes to respond to Band 
T-cell mitogens and has adjuvant effects on anti
body production (Table 2) [53-56]. 

Table 2. Immunological effects of roquinimex 

1. Increase of NK cell precursors. 
2. Augmentation ofNK cell activity. 
3. Increased delayed type hypersensitivity (DTH) reac-

tion. 
4. Increased proliferative response to T cell mitogens. 
5. Cyclosporine antagonism. 
6. Increased in vitro production of TNFa, IL-1 and 

IFNy. 
7. Increased IL-6 serum levels. 
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Fig. 6. Levels of lL-6 in peripheral blood before, dur
ing and after roquinimex therapy. Reproduced with 
permission [62] 

Furthermore, it has recently been reported 
that IL-6 levels are also increased in the serum 
during treatment with roquinimex (Fig. 6) [62]. 

The mechanism of action of roquinimex is 
not weH understood, and it is thought to repre
sent a cascade-like effect since several different 
steps in macrophage and lymphocyte function 
are stimulated by roquinimex [53,56,59,63]. 
Roquinimex is weil absorbed after oral adminis
tration with a plasma half-life in man of approx
imately 30-60 hours. The bioavailability of 
roquinimex after oral administration exceeds 
90%. These features make it very practical to 
administer and conduct clinical trials. 

The pharmacokinetics of roquinimex are not 
dose-dependent. In human phase I studies, NK 
ceil number and function increased at dose lev
els of 0.2 and 0.3 mg/kg. Administration ofhigh
er doses do not lead to further enhancement of 
NK number and activity. 

(Iinical Trials with Roquinimex 

Acute myelogenous leukemia. The availability of 
roquinimex to enhance immunocompetent cells 
such as T -ceil, NK cells and macrophages - cou
pled with its relatively low toxicity profile and 
ease of administration, has led to several weil 
designed major clinical trials evaluating the role 
of roquinimex and minimal residual disease 
[64]. In order to evaluate the activity ofroquin
imex in the treatment of minimal residual dis
ease in patients with AML, two major 
international prospective phase III placebo-con
trolled double-blind studies are now underway 
studying the activity of roquinimex when 
administered post autologous bone marrow 
transplantation for patients in first or subse
quent clinical remission. In a multi-center trial 
in the USA/Canada/Australia (Fig.7) roquin
imex is administered as so on as engraftment of 
100 neutrophils/IlL has occurred. 

The starting dose of roquinimex is 0.05 
mg/kg given orally twice a week and this is 
rapidly escalated, over two weeks, to 0.2 mg/kg 
which is the dose given for 12 months. An inter
national study in Europe is very similar in 
design with the exception that roquinimex 
administration is started on day 14 irrespective 
of the level of engraftment and this is continued 
for a two year period. The European study has 
now accrued over 250 patients and the USA/ 
Canada/ Australia study has accrued over 150 
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Fig.7. Design of a current multi-institutional phase III study using roquinimex post-ABMT for AML patients in 
complete remission. US-Canadian-Australian international study (T910L01) 

patients. Because both studies are blinded, no 
interim efficacy data are available on the relapse 
rate or the time to relapse. However, the overall 
hematopoietic recovery pattern is typical of that 
seen post-ABMT without roquinimex. Corre
lative immunological studies are being per
formed in these phase III double-blind clinical 
studies and the results of these studies are anx
iously awaited and should provide important 
information on the role of immunotherapy with 
roquinimex in acute myelogenous leukemia. 

Chronic myelogenous leukemia. The actlVlty of 
roquinimex in the myeloid leukemias may not 
be limited to AML. There is evidence that of all 
hematopoietic neoplasms, chronic myelogenous 
leukemia (CML) may be particularly susceptible 
to immune regulation [44]. The increased 
relapse rate post allogeneic transplantation in T
ceH depleted donor marrow is greatest in CML 
patients [43,65]. Additionally, as previously 
described, patients relapsing after allogeneic 
BMT for CML have recently been shown to 
respond to infusions of donor T-Iymphocytes 
with complete reversal of all cytogenetic abnor
malities [21,26]. In arecent summary of the pub
lished literature regarding the therapeutic use of 
buffy coat infusions for patients who relapse 
after allogeneic BMT [25], it was reported that in 
a total of 46 patients, the overall clinical 
response was 83% with a cytogenetic remission 
reported in 20 of 25 evaluable patients (80%). 
80% of patients were also reported to have suf
fered from grade 1-4 acute graft-versus-host dis
ease. These data suggest that CML may be a 

particular candidate for immunomodulation 
following autologous bone marrow transplanta
tion. A pilot study has been initiated in 1992 at 
the University of Rochester, Rochester, NY, 
USA, with a study design that was quite similar 
to the phase III study in AML (Fig.7). Open
label roquinimex was used and all patients were 
conditioned with busulfan 1 mg/kg po q6h for 
four days followed by cyclophosphamide 60 
mg/kg/day for two days. Unmanipulated bone 
marrow was used as the source of stern cells. 
Following engraftment (absolute neutrophil 
count > 100/f.1.L), patients are treated with 
roquinimex for two years. The pilot study is still 
at its infancy, but 12 patients have ente red this 
study and some significant clinical as well as 
cytogenetic responses have been observed [66]. 
These initial results are intriguing and further 
accrual and follow-up is needed before any 
definitive conclusions can be made. Whether or 
not a true graft-versus-Ieukemia effect can be 
induced in CML patients receiving roquinimex 
remains to be seen. 

Summary 

Rapid developments over the past decade in our 
understanding of the role of immunotherapy in 
the myeloid leukemias have led to novel 
approaches in strategies following chemothera
py and bone marrow transplantation. The lack 
of an immunotherapeutic effect has been con
sidered one of the main reasons for the high rate 
of leukemia relapse foHowing autologous bone 



marrow transplantation. This review summa
rizes the rationale for studying the use of 
immunotherapy following autologous bone 
marrow transplantation through efforts to stim
ulate the immune responses after identifying the 
most important immunocompetent cells and 
immunomodulating agents. This is a novel area 
that has generated much enthusiasm and it is 
likely that its use will be further enhanced fol
lowing the results of ongoing major clinical tri
als. Roquinimex appears to be one promising 
such agent because of its wide spectrum of 
immunomodulatory activity, low toxicity pro
file, and ease of administration. 
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Introduction 

The cytotoxic activity of peripheral mononu
eIear cells (PMNC) from patients with acute 
myelogenous leukemia (AML) is usually 
reduced at time of diagnosis [1, 2]. Production 
and release of immunosuppressive cytokines by 
leukemic blast cells might be a cause for 
impaired cytotoxic activity and immunosurveil
lance of leukemic cells. Indeed, soluble but yet 
undefined factors secreted by AML blasts have 
been described to be reponsible for inhibited 
cytotoxic activity in AML patients [3,4]. 
Transforming growth factor beta (TGF-ß) has 
been reported to be a strong inhibitor of cyto
toxic activity of lymphokine activated killer 
(LAK) cells [5-9]. In ovarian carcinoma, 
increased TGF-ß secretion was shown to sup
press various immune functions [10]. It may be 
suggested that TGF-ß may be an important fac
tor in AML, too, causing immunosuppression. 

Therefore, the present study was designed to 
examine the possible effects of AML culture 
supernatants on LAK cell activity and to investi
gate the expression of mRNA and release of 
TGF-ßl protein by leukemic blast cells. 

Material and Methods 

PCR. Total RNA was extracted from leukemic 
blast cells and reverse transcribed. The obtained 
cD NA was used for amplification with TGF-ßl 
spezific oligonueIeotides. The amplification was 
initiated at 94°C for 5 min. prior addition of 

polymerase, followed by 35 cyeIes of amplifica
tion. Each cyeIe was started by denaturating the 
DNA for 30 sec. at 94°C, followed by the anneal
ing reaction for 30 sec. at 62°C and an extending 
reaction for 30 sec. at 72°C. After the last cyeIe a 
final extension re action for 7 min. at 72°C was 
applied. The amplification products were sepa
rated by electrophoresis on an 1% agarose gel. 

Northern blot analysis. 10 mg sampies of total RNA 
were separated by electrophoresis and biotted 
on nylon membrane for hybridization. TGF-ß, 
spezific mRNA was detected using 32P labeled 
TGF-ß, cDNA. 

Culture supernatants. Leukemic blast cells were iso
lated from bone marrow or peripheral blood 
from patients with untreated AML using Ficoll 
separation. The cells were cultured in AlM -V 
Medium. After 24h of culture at 37°C and 5% 
CO, supernatants were harvested and frozen at 
- 20°C until further use. 

TGF-ß Bioassay. TGF-ß protein concentration was 
measured by growth inhibition of mink lung 
epithelial cells CCL 64. After trypsination, cells 
were cultured for 24 ho urs. Supernatants and 
TGF-ß, standards were cocultured for further 24 
hours. Subsequently 3H-thymidine was added, 
cultured for 8-16 hours and counted on a beta 
counter. 

Generation of LAK effector (el/s. After Ficoll separa
tion of peripheral blood from normal donors 
mononueIear cells were cocultured at a concen-
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tration of 2 x 106 ceIls/mL with 25U/mL recombi
nant interleukin 2 (rIL-2; EuroCetus, Frankfurt, 
FRG) and culture supernatants (5Vol%, lOVol% 
or 25Vol%) in RPMI 1640 medium containing 
10% FCS. AML culture supernatants were heated 
for 5 min. at 80°C to activate latent TGF-ß prior 
to addition to LAK cultures [11]. PMNCs were 
cultured for three days at 37°C in 5% C02. 

51Cr release assay. A 51Cr release assay was per
formed as described elsewhere [12]. NK resistant 
Daudi cells were used as targets. After radiola
beling with 100 mL sodium chromate (51Cr 100 
Ci/mL) per 2 x 106 cells at 37 oe. After 2h target 
ceIls were washed three times and resuspended 
in RPMI 1640 medium at a concentration of 
0.2 x 106 ceIls/mL. Effector ceIls from LAK cul
tures were added to target cells in effector to tar
get ratios of 20:1, 10:1, 5:1 and 1:1. The assays 
were performed in duplicates. After 3h incuba
tion at 37°C 100L aliquots of supernatants were 
harvested and counted on a gamma counter. 

Results 

Expression of TGF-ßl mRNA. Total RNA of leukemic 
blast cells of 13 patients with untreated AML was 
extracted and examined for TGF-ß, mRNA 
expression using RT -PCR and Northern blot
ting. All investigated cases of AML blasts 
expressed detectable levels of TGF-ß, mRNA. To 
ascertain that leukemic blasts are the source of 

TGF-ß, mRNA, FACS sorted blast cells (purity 
> 95%) were additionally analysed for TGF-ß, 
mRNA expression. The data confirmed those of 
unseparated blast cells. Additionally, four 
leukemic celllines (HL-60, K562, HEL92.1.7 and 
KGl) were analysed for TGF-ß, mRNA by RT
PCR. In all four cell lines TGF-ß, mRNA was 
demonstrable (Table 1). 

Release of TGF-ß protein. Leukemic blast cells from 
10 patients with untreated AML were cultured in 
serum free AIM-V Medium at a concentration of 
2 x 106 cells/mL. After 24 hours incubation at 
37°C supernatants were harvested and explored 
for TGF-ß protein and effects on LAK activity. 
The TGF-ß concentration of culture supernatants 
was measured by growth inhibition of mink lung 
epithelial cells CCL64. In all tested AML culture 
supernatants TGF-ß protein could be detected in 
concentrations from 0.6 to 6.8 nglml (Table 2). 

Table 1. Expression of TGF-ß, mRNA and release of 
TGF-ß protein by leukemic celliines 

Cellline TGF-ß, PCR 

K562 + 
HL-60 + 
KGI + 
HEL92.1.7 + 

n.d. = not done 

TGF-ß concentration 
(ng/ml) 

n.d. 
7·5 
5.6 

12.0 

Table 2. TGF-ß concentration of AML culture supernatants and their 
inhibitory effects on LAK activity 

Culture TGF-ß LAK activity after 
supernatants of concentration LAK activity addition of Anti-
AML patients (ng/mL) (20LUl1o') TGF-ß, 

Controls (mean) 307 n.d. 
AH 3·0 150' n.d. 
WK 0·9 100 n.d. 
ML 2.6 150 n.d. 
ES 3·3 170 n.d. 
AM 6.8 48 n.d. 
RE 1.8 70 n.d. 
RW 2.2 110 n.d. 
WS 5·2 115 n.d. 
HR n.d. 50 350 
HM 0.6 150 300 
CH 2·9 125 275 

'Culture supernatants were added to PMNCs in three different concen
trations (5 Vol%, 10 Vol% and 25 Vol%). Shown are only lytic units of 
the concentration in which inhibition occurred 
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Supernatants of three leukemic ceillines (HL-
60, KGI and HEL92.I.7) and FACS sorted blast 
ceils (purity> 9S%) from four patients were 
examined for TGF-ß protein, too, to confirm 
leukemic ceils as the source of TGF-ß. Culture 
supernatants from FACS sorted cells contain 
TGF-ß in concentrations between 1.3 to 6.0 
ng/mL and all three examined leukemic cell 
Hnes produced and secreted high levels of TGF
ß (s.6 to 12 ng/mL) (Table 1). 

Inhibition of LAK adivity by AML culture supernatants. To 
investigate the effects of AML culture super
natants on LAK activity, PMNCs from healthy 
donors were cocultured with different concen
trations of culture supernatants in the presence 
of 2sU/mL IL-2. After three days of incubation 
at 37°C the LAK activity of cultured cells were 
measured using an SICr release assay against 
Daudi targets. Culture supernatants of AML 
patients reduced LAK activity down to 37% 
(mean of 11 patients, range from 16% to SS%) of 
control (100%) (Table 2). PMNCs cocultured 
with 2sU/mi rIL-2 were used as controls. 

The concentration of TGF-ß in AML culture 
supernatants was measured by growth inhibi
tion of CCL 64 cells. LAK activity was deter
mined by SICr release assay against Daudi target 
cells. Effector cells were obtained from healthy 
donors PMNCs cocultured with AML culture 
supernatants and 2sU/mL IL-2 for 3 days. 
PMNCs cocultured with 2sU/mL rIL-2 were used 
as controls. In additional experiments TGF-ß, 
neutralizing antibodies were added. 

ReversibiJity of impaired LAK activity by addition of neutral
izing TGF-ß, antibodies. In additional experiments, 
PMNCs from healthy persons were cocultured 
with 2sU/mL rIL-2, AML culture supernatants 
with or without addition of neutralizing TGF-ß, 
antibodies. In this allogeneic system, the LAK 
activity could also be inhibited by AML culture 
supernatants in a dose dependent manner. If 
neutralizing antibodies to TGF-ß, were added, 
the impaired LAK cell activity could totally be 
restored indicating TGF-ß to be the most rele
vant inhibiting factor in AML culture super
natants. 

Discussion 

In acute leukemias unknown soluble factors 
have been described to reduce cytotoxic activity 

[3, 13, 14]· Since TGF-ß, is known to be a strong 
inhibitor of cytotoxic activity, this study was 
performed to investigate the expression and 
protein release of TGF-ß, by leukemic blast cells 
and to explore the effects of AML culture super
natants on generation of LAK cells [S, 6]. In aIl 
examined patients TGF-ß, mRNA was 
detectable. To exclude that TGF-ß, was pro
duced and secreted by other cells than leukemic 
blast cells, four leukemic cell lines and FACS 
sorted blast cells (purity> 9S%) from five 
patients were tested and in all of them TGF-ß, 
mRNA was demonstrable. Besides transcription 
of TGF-ß, mRNA, production and release of 
TGF-ß protein could be detected in all examined 
culture supernatants from AML patients, 
leukemic celllines and FACS sorted blast cells. 

PMNCs from healthy donors cocultured with 
AML culture supernatants in the presence of IL-
2 show strongly inhibition of LAK activity in 
comparison to control cultures incubated with 
IL-2 only. The inhibition of LAK activity by 
AML culture supernatants could be restored by 
addition of antibodies directed against TGF-ß,. 
These data taken together strongly suggest that 
TGF-ß, expressed and released by leukemic blast 
cells might be involved in the mechanism of 
immunosuppression observed in acute 
leukemias. Investigations of a possible regula
tion of TGF-ß release in AML blasts by 
cytokines as described for IL-2 and IFN-<x in 
LAK cells may be interesting especially in regard 
to immunotherapeutic approaches in AML [IS, 
16]. The data of our study may be a further step 
in the understanding of cytokine network 
involved in immunosuppression by acute 
myeloid leukemias. 
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of Activity Depends on the Individual Target-Effector Pair 
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Abstract: Natural killer (NK) ceIls appear to be 
involved in graft-versus-Ieukemia activity after 
allogeneic bone marrow transplantation. Since 
recent findings suggest that NK ceIls can exert 
specific activity against allogeneic leukocytes, we 
tested 10 subjects for differences in their NK and 
lymphokine-activated killer (LAK) ceIl activity 
against 4 allogeneic leukemia cell targets and the 
ceIlline K562. Our results support the hypothesis 
that NK cells can react against allogeneic 
leukemia cells specifically. Only three of the 
donors demonstrated either generally high or 
low NK ceIl activity and none of the leukemias 
turned out to be principally resistant or sensitive 
towards NK cell-mediated lysis. Thus, most of 
the variance must be explained by specific NK 
cell/target cell interactions resulting in a complex 
pattern of high or low NK cell-mediated cytotox
icity. There was no clear correlation between 
lytic activity against a certain leukemia target 
and lysis ofK562 or between lytic activity and the 
percentage of CDI6- or CD56-Positive cells. 
Future studies with larger data sampies might 
allow the definition of distinct groups according 
to the pattern of alloreactivity observed. Our 
findings are of relevance for the application of 
allogeneic NK cells in the context of ceIlular 
immunotherapy for hematological malignancies. 

Introduction 

Treatment of leukemia with allogeneic bone 
marrow transplantation (BMT) results in a sub
stantial proportion of long-term survivors [1]. 

Besides intensified chemoradiotherapy, a contri
bution to the reduced relapse risk after BMT 
may be made by the transfer and activation of 
antileukemic effector cells [2,3,4]. Particular 
interest has emerged on the role of cytokines 
and activated natural killer cells that do not 
induce graft-versus-host disease but might be 
relevant for the elimination of residualleukemic 
blasts after BMT [5,6]. 

Although it is known for many years that NK 
cells exhibit cytolytic activity against different 
types of autologous and aIlogeneic leukemia tar
gets, the precise mechanism of natural killing is 
still unclear [7,8,9]. In contrast to T cells, NK 
cells characteristically lyse aIlogeneic and autol
ogous target ceIls without prior sensitisation, 
without MHC-restriction and seemingly without 
a highly refined antigen recognition system. 
Recent findings, however, demonstrated that the 
ability of NK ceIls to lyse allogeneic leukocytes is 
intraindividually a clonaIly distributed function 
and that NK cell clones can be separated into 
different groups according to their capacity to 
lyse only certain allogeneic targets [10,11,12]. 
Interindividual differences in the susceptibility 
or resistance of leukemia cells to lysis by allo
geneic natural killer ceIls from different donors 
might also be expected. To test this hypothesis, 
we investigated the natural and lymphokine 
activated killer ceIl activity of 10 subjects against 
peripheral blasts of 4 patients with acute 
leukemias. 
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Methods 

Leukemia (eil targets. The human erythroleukemic 
ceIlline K562 was maintained in continuous cul
ture in RPMI 1640 supplemented with 10% fetal 
calf serum (FCS) and 2 mmolll L-glutamine. 
Leukocytes of 4 patients with newly diagnosed 
acute leukemia were isolated from heparinized 
venous blood by centrifugation on standard 
Ficoll gradients. Specific characteristics of the 
leukemias are shown in Table 1. Approximately 
85-95% of the cells from the gradient interphase 
were bl asts. The ceIls were washed and resus
pended in RPMI 1640 plus 10% FCS to a con
centration of 1 x 107 ceIls/mI. Using 10% 
dimethylsulfoxide (DMSO), aliquots of 2 x 107 

ceIls were stored in liquid nitrogen. Prior to 
their use in cytotoxicity assays, ceIls were 
thawed rapidly in a 37°C water bath and were 
cultured for 24 hrs. Viability, determined by try
pan blue dye exclusion, was at least 80%. 

Isolation of effector (ells. PBMC were isolated from 
blood donor buffycoats by centrifugation on 
FicoIl gradients. CeIls coIlected from the gradi
ent interphase were washed twice in RPMI 1640 
Medium and were frozen in 10% DMSO. They 
were stored up to 150 days in liquid nitrogen. 
Viability and functional effectiveness was not 
essentiaIly altered by the freezing procedure, 
since fresh and frozen effector cells of 3 individ
uals showed essentiaIly the same reactivity 
against K562 target ceIls. The immunophenotyp
ical characterisation of the effector ceIls is 
shown in Table 2. 

Chromium release assay. Target ceIl sensitivity to 
NK-mediated cytolysis was determined in a 
standard 4-hr 5'Cr release assay. After 1 day of 
culture in RPMI 1640 supplemented with 10% 
fetal calf serum, frozen human leukemia target 
ceIls were washed and labeled with 100-150 uCi 
of 5'Cr sodium chromate for 1-2 hrs at 37 oe. 

Table 1. Immunophenotype of the leukemia target cells 

Leukemia cells 

Antigen 11 (AML M2) L2 (AML MI) L3 (AML M2) L4 (ALL, Ph + ) 

CD2 0 1 2 8 
CD3 0 0 2 6 
CD 10 2 2 54 
CD11a 92 26 34 nd 
CD 13 72 80 68 60 
CD14 74 10 2 nd 
CD 18 94 24 36 nd 
CD 19 0 15 4 78 
CD 33 30 40 4 10 

CD 34 ° 63 3 22 
CD 54 35 69 25 nd 
HLA Kl.1 74 86 84 nd 
HLADR 9 6 8 5 

Table 2. Immunophenotype of the lymphocyte effector cell sampies 

% positive cells (for each subject investigated) 

Antigen SI S2 S3 S4 S5 S6 S7 S8 S9 SlO 

CD2 82 85 82 82 86 55 77 82 84 86 
CD3 71 72 70 73 81 79 76 77 71 70 
CD4 40 51 49 41 42 51 53 40 36 49 
CD8 33 38 24 46 42 37 19 33 27 36 
CD16 15 15 16 8 6 8 9 15 15 16 
CD56 22 24 30 23 11 22 18 23 22 17 
CD16156 11 6 12 5 6 9 11 4 10 
CD3156 6 4 1 4 4 6 3 2 
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Washed target cells (I x 104 cells/well) were 
added to wells ofU-bottomed 96-well plates and 
incubated with effector cells at effector: target 
(E:T) ratios ranging from 50:1 to 6:1. Maximal 
release and spontaneous release were deter
mined by incubating the cells with 5% Triton-X 
or medium alone, respectively. All determina
tions were made in quadruplicate. Radioactivity 
was determined in a gamma-counter and 
percentage of specific lysis according to the 
formula: %specific lysis = (experimental cpm -

K562 L01 L02 

~l ::1 ... 111. 6O 

501 40 
20j 

20 10 

° 0 

6°1 :1'" 6°1 502 40 

2~ • ~j 
8O, 40 , 

503 :~lll.. ;~1 
20 10j 

7 

o 0 • -
4O, 

504 3°1 
20 

1°1. oJ 
80, 4O, 
60j 30j 

505 ~~j , 2O, 
10j 

oJ oJ 

80j 401 
50 -...30 506 
40j 20j 20 10 • 
o 0 

8°1 4°1 
507 50 30 

40j Ir... 2°1 20 10 • o 0' 

508 :l~}~ 20 10 • 
o 0 

80, 40, 

509 
5°l 3°1 40 20 

2~ • 
10 
0----

80, 4O, 

60j 30j 
510 40 20 

20 j • 10j 
oJ oJ 

spontaneous cpm)/(maximum release cpm -
spontaneous cpm). Spontaneous release was 
usually in the range of 5 to 15%. Tests with a 
spontaneous release exceeding 20% were 
excluded from the analysis. To detect artefacts 
due to differences in effector cell viability, all 
tests were performed against noncultured 
human leukemia cells and Ks62 simultaneously. 
The standard deviation of activity against Ks62 
is depicted in Figure 1 and 2. In 24 effector/tar
get combinations tests with noncultured human 

L03 L04 .... II.-
• 

7 

n.d. 

• 

• 

• n.d . 

Fig.l. NK-cell-mediated lysis of the standard taget celliine K562 and four sampies of fresh acute leukemia blasts 
(L01-L04) by allogeneic, HLA different effector cells ($01-$10). These are results obtained with a standard 4 h Cr
release assay. Notice the different scales for the specific lysis of the experiments with the K562 celliine (0-80%) 
and the fresh leukemia blasts (0-40%). The four columns of each graph represent the specific lysis (%) obtained 
with an effector-target ratio of 100:1,50:1, 25:1 and 12:1, respectively 
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leukemia cens were performed twice. The retest 
reliability calculated from these data was 
r = 0.94 (+ /- 0.07). 

Generation ofLAK cells. Using 50 ml flasks (Greiner, 
Frickenhausen, Germany), 1 x 106 cens/ml were 
incubated as suspension cultures in RPMI 1640 
at 37°C in humidified atmosphere of 5% CO,. 
Purified human rIl- was added to a concentra
tion of 200 U/ml. After 3 days of culture, nonad
herent cens were decanted and centrifuged. 

Flow cytometry analysis. 10 cens were stained with 
the appropriate mAb fonowed by flouresceinat
ed goat-anti mouse Ig. Control aliquots were 

K562 

stained with the flourescent reagent alone. All 
sampies were then analyzed on a flow cytometer 
(FACS Scan, Beckton Dickinson). Gates were 
used to exclude nonviable cens. 

Results 

Phenotypic characterisation of leukemia blasts and effector 
cells and correlation with Iytic activity. Characteristics 
of the four leukemias are shown in Table 1, the 
phenotypic characterisation of the effector cens 
is shown in Table 2. 
The number of CD56+ cens in the effector pop
ulations varied between 11 and 30% (mean 21.2 

L01 L02 L03 
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Fig. 2. LAK-cell-mediated lysis of the standard taget cellline K562 and four sampies of fresh acute leukemia 
blasts (L01-L04) by allogeneic, HLA different effector cells (S01-SlO). The effector cells were incubated with 200 
lU/mi IL-2 for 3 days. Here, all scales for the specific lysis are identical and run from 0 to 80%. The four columns 
of each graph represent the specific lysis (%) obtained with an effector target ratio of 100:1, 50:1, 25:1 and 12:1, 
respectively 
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± 3.6%). No statisticaily significant correlation 
between the number of ceils positive for CD56, 
CDI6, CD8, or any other surface marker and 
level of lytic activity against one of the leukemia 
targets was observed, though the percentage of 
CDI6+ and CD56+ effector ceils showed a trend 
towards positive correlation with the lytic activi
ty against ail 3 acute myelogenous leukemias 
(Table 3). 

Susceptibility of K562 to lysis by al/ogeneic NK and LAK cel/s. 
Unmanipulated peripheral blood mononuclear 
ceils were isolated on Ficoil gradients from buffy 
coats of ten healthy donors. The ceils were used 
as effector ceils in a conventional 4 hr 5'Cr 
release assay against K562 target ceils. The 
interindividual variability in natural killing was 
remarkably high. Speeific lysis ranged between 
22 and 68% at an effector/target ceil ratio of 50:1 
(Figure 1, Row 1). After 3 days of effector ceil 
incubation with 200 U/ml of human rIL-2, the 
lytic activity against K562 was markedly 
enhanced (42.1 ± 9.5 % vs 69.7 ± 4.7 %, E:T ratio 
of 50:1, compare Figure 1 and 2). At an 
effector/target ceil ratio of 50:1 interindividual 
differences were less pronounced (Figure 2, Row 
1). When lower LAK ceil concentrations were 
used, however, marked interindividual differ
ences became apparent again. 

Susceptibility of leukemia blasts to lysis by al/ogeneic NK 
cells. In general, lysis of noncultured leukemia 
blasts (Figure 1, rows 2-5) was significantly 
lower compared to that of K562 (Figure 1, rows 
1). However, in a limited number of cases, rele
vant lysis of fresh leukemia blasts was observed. 
In six out of 38 combinations tested (16%) spe
eific lysis exceeded 20% at an effector/target ceil 
ratio of 50:1. In 16 effector/target combinations 
(42%) a speeific lysis of more than 10% was 
seen. Most interestingly, our data revealed dif-

Table 3. 

ferent patterns of NK ceil reactivity against dif
ferent ailogeneic leukemia blasts. Whereas two 
subjects (S09 and S1O) exerted virtuaily no NK 
ceil activity against the four targets tested, NK 
ceils of donors SOl and S02 were shown to be 
effective against ail targets. The other donors, 
however, demonstrated a complex pattern of 
reactivity. Subjects S03, S04, and SOS showed NK 
ceil activity against leukemia L04 and (to some 
degree) against leukemia LOI but were unable to 
lyse leukemia L02 and L03. Subjects S06, S07, 
S08 exerted NK ceil activity mainly against 
leukemia L02. Ail other targets were completely 
resistant, with the exception of leukemia L03 
where effector ceils of donor S07 showed so me 
cytotoxieity. 

Susceptibility of leukemia blasts to lysis by al/ogeneic LAK 
cel/s. The pattern of LAK activity against noncul
tured leukemia blasts was highly correlated to 
that of NK ceil-mediated activity (r = 0.81 to 
0.94, compare Figs. 1 and 2). In those 16 cases 
where untreated effector ceHs induced signifi
cant leukemia ceHlysis (10%, E:T ratio of 50:1), 
the effect was enhanced by IL-2 incubation (21.3 
± 7.2% VS 40.1 ± 10.1%). Of the 22 effector/target 
combinations in which NK ceH mediated lysis 
was absent, ten demonstrated slightly elevated 
lytic activity in the range of 10 to 20%. Only in 
two cases of primarily resistant combinations 
(donor S10/leukemia LOI and donar 
S05/leukemia LOl) the lytic activity was dramati
caHy enhanced by IL-2 treatment: the specific 
lysis increased from 6% to 42% and 7% to 56%, 
respectively. Interestingly, the effect of IL-2 
incubation was generaHy most pronounced with 
leukemia LOI as target. 

Correlation between susceptibility of K562 and noncultured 
leukemia blasts. We observed no correlation 
between NK ceH activity against the classical tar-

Correlation of NK activity of allogeneic lymophocyte sampies against leukemia blasts with: 

NK cell LAK activity percentage percentage percentage 
activity against ofCD16+ ofCD56+ ofCD8+ 

Target against K562 same target effector cells effector cells effector cells 

11 (AML) -0·57 0.81 0·33 0·35 0.12 
L2 (AML) -0.10 0·90 0·32 0·40 -0.21 
L3 (AML) -0.48 0.84 0·48 0·42 -0.21 
L4 (Ph+ALL) -0.22 0·94 -0.13 -0.02 0.23 
K562 0·55 -0·38 0.03 0.18 
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get KS62 and natural cytotoxicity against the 
four leukemias tested (Table 3). There were 
cases in which relatively high activity against 
KS62 was associated with low activity against 
noncultured targets (subject S06 and S08). On 
the other hand, low NK cell activity against KS62 
did not exclude high activity against noncul
tured blasts (subject S02). However, in three 
cases (subjects SOl, S09 and SlO) remarkably 
high or low activity levels against KS62 corre
sponded with the activity observed against aIlo
geneic leukemia blasts. 

Discussion 

Several studies have demonstrated marked dif
ferences in the lysis of human leukemia cells by 
allogeneic NK and LAK cells [13,14,IS,16,17]. This 
phenomenon is of particular interest in the con
text of allogeneic BMT, since resistance to nat
ural killing appears to be associated with an 
increased risk of leukemic relapse [IS]. 
Theoreticallly, differences in NK ceIl-mediated 
lysis of allogeneic leukemia cells can depend on 
three factors: (1) on the numeri.cal and function
al characteristics of the donor's NK cell pool, (2) 
on the susceptibility of leukemia cells towards 
natural killing and, (3) on the peculiar interac
tion between specific NK cell populations and a 
certain leukemia target. 

The present study was mainly designed to 
investigate the third aspect, i.e. the hypothesis 
that specific NK ceIl/target cell interactions are 
involved. Until recently it appeared that the 
antileukemic activity of NK ceIls is largely non
specific with the degree of cytolysis primarily 
reflecting the donor's "NK cell activity level" 
(usually defined by lysis of KS62) and the target 
cell susceptibility to NK-mediated lysis. There is 
now accumulating evidence, however, that NK 
cells express surface receptors for different 
specificities and are capable of specific cytolytic 
activity against foreign cells [10,11]. Using 
peripheral blood-derived CD3-CDI6+ NK cells 
that were stimulated in a mixed leukocyte cul
ture, Ciccione et al. [11] showed that the ability 
of NK cells to lyse allogeneic PHA-induced 
blasts is a clonally distributed function. Their 
data further suggest that NK cell clones can be 
seperated into different groups according to 
their ability to lyse only certain allogeneic tar
gets [12]. Moreover, the analysis of informative 
families indicated that the "sensitivity to lysis" 

of target cells maps to the MHC class I region 
[17]. It can be speculated that the ability of 
human CD3-CDS6+ NK ceIls to recognize 
alloantigens may represent the human counter
part of murine hybrid resistance [11], a phenom
enon that might be responsible for 
GvH-independent GvL-activity observed in 
murine systems [18]. 

The data presented he re support the hypoth
esis that NK cells can recognize allogeneic 
leukemia cells specificaIly. Using peripheral 
blood lymphocytes of 10 healthy individuals as 
effector cells and the peripheral blasts of 4 
patients with acute leukemias as targets, we 
observed a complex pattern of high and low NK 
ceIl-mediated cytotoxicity. Only three of the 
donors demonstrated either generally high 
(donor SOl) or generally low (donors S09 and 
SlO) NK cell activity and none of the leukemias 
turned out to be principally NK resistant or NK 
sensitive. Thus, most of the variance depend on 
specific NK ceIl/target cell interactions. It was 
behind the scope of the present study to catego
rize distinct patterns of reactivity definitively. 
Future studies with larger data sampies, howev
er, might allow the definition of diverse groups 
according to the pattern of alloreactivity 
observed. 

Although the present study is based on rela
tively few effector/target combinations, it clari
fies and confirms two important points that 
have been widely ignored in many investiga
tions. On the one hand, NK cell activity against 
one target (e.g. KS62) allows no conclusion 
regarding the level of NK activity against other 
targets. On the other hand, resistance towards 
NK ceIl-mediated lysis, determined with effector 
cells from one individuum, does not exclude 
high susceptibility to lysis by NK ceIls from 
another subject. These differences are less 
impressive for LAK cell mediated lysis as report
ed by others [16]. 

At least four principal questions arise from 
the data presented here. First, is the lysis of aIlo
geneic leukemia target cells related to the phe
nomen on of NK-mediated specific lysis of 
"normal" (PHA-stimulated) allogeneic leuko
cytes? Ciccione et al. [17] demonstrated that NK 
clones with no activity against PHA-stimulated 
lymphocytes effectively lysed ovarian carcinoma 
cells. Although their data thus suggest that NK 
ceIl-mediated recognition of normal allogeneic 
cells can be distinguished from lysis of allogene
ic tumor ceIls, it is not yet clear whether this 
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holds also true for neoplasms of the hematopoi
etic system. Second, is the relationship between 
donor and leukemia MHC-class I alloantigens of 
relevance, as suggested by recent findings? 
Unfortunately, we have yet only incomplete data 
on the HLA-pattern of the subjects and 
leukemias tested. Third, the role of sensitization 
remains to be defined. Whereas all results indi
cating specific recognition of alloantigens by NK 
celliines or clones were based on cells that had 
been previously sensitized, we tested allogeneic 
lymphocytes in a classical assay without prior 
sensitization. Thus, it is possible that two com
pletely distinct mechanisms are responsible for 
the phenomena described by Ciccione et al. and 
for our results, Le. MHC-restricted specific 
recognition of alloantigens after prior sensitiza
tion vs. MHC-unrestricted cytolytic activity 
directed against tumor targets. Fourth, specific 
recognition of alloantigens, as reported by 
Ciccione et al., referred to the clonal level. The 
individual reactivity pattern, however, repre
sents the sum of activity of all NK cell popula
tions reacting against the target cells. It is yet 
not clear to what extend the reported differences 
on the clonallevel correspond to overall NK cell 
activity against a certain target. 

Nevertheless, with regard to clinical BMT the 
present data implicate that if NK-reactivity of a 
marrow donor should be tested, leukemia or 
lymphoma cells of the patient should be used 
whenever possible. Predictive conclusions from 
the NK-activity against K562 appear to be of 
very limited value as demonstrated in arecent 
clinical trial [5). More importantly, the findings 
of Ciccione et al. [11) and our results suggest that 
the in vivo antileukemic activity of allogeneic 
effector cells might be enhanced by preferring 
donors with optimal NK-cell activity against the 
patients leukemia cells. Since there is usually no 
possibility to choose between different marrow 
donors, the finding of specific alloreactivity 
might be more relevant for the application of 
allogeneic NK or LAK cells in the context of cel
lular immunotherapy after chemotherapy for 
hematological malignancies. 
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Cellular Immunotherapy of Acute Leukemias After High Dose 
Chemotherapy with Cytarabin (ARA-C) and Cyclophosphamide (CV) 
in a Murine Model 

Lutz Uharek" Bertram Glass', Tobias Gaska', Matthias Zeis" Helmut Löffler', 
Wolfgang Müller-Ruchholtz', and Winfried Gassmann' 

Abstract. Allogeneic lymphocytes are able to 
eradicate resistant leukemia cells after bone 
marrow transplantation. We developed a 
murine model to investigate their effectiveness 
for the prevention of leukemia relapse after high 
dose chemotherapy. Method: 1 x 105 A20 
leukemia cells (H_2d, B cell neoplasm) were 
injected into Balb/c (H-2d) mice. Five days later, 
animals were treated with ARA-C (2 x 150 mg/kg 
Lp. daily; day 1-3) which provides high 
antileukemic activity against A20. To ensure 
sufficient immunosuppression, increasing doses 
of CY (60 to 125 mg/kg Lp.) were additionally 
given at day 4 + 5. At day 8 and 11, 2 x 107 either 
allogeneic MHC-mismatched (C57Bl/6, H_2b) or 
allogeneic, MHC-matched (DBA, H_2d) spleen 
cells were injected intravenously. Leukocyte 
counts were determined every three days. 
Leukemia relapse was defined as death with 
spleen weight > 0.15g and visible tumor nodules. 
Results: Without further therapy, relapse free 
survival was 0% with a median survival time 
(MST) of 21 days. Treatment with ARA-C and 
2 x 60, 2 X 100, or 2 x 125 mg/kg CY cured 29%, 
38% and 75% of the animals (MST = 45,56, >200 
days), respectively. After additional injection of 
MHC-mismatched allogeneic spleen cells, simi
lar leukemia free survival (LFS) rates were 
observed: 38%, 45%, and 86% (MST = 52, 47, 
>200 days). Analysis of leukocyte counts 
revealed that 2 x 125 mg/kg CY were necessary to 
induce severe lymphocytopenia « 500/nl) in 
the majority of animals. Thus, at least in the 
groups treated with lower doses of CY, our neg
ative findings could be explained by insufficient 

immunosuppression of the recipient (resulting 
in rapid rejection of allogeneic effector cdls). 
When cells with a lower immunogenetic barrier 
to the recipient were used (DBA) after immuno
suppression with 2 x 60 mg CY, a significant 
reduction of the relapse rate from 71% to 56% 
was observed. Conclusions: Our preclinical 
model allows the investigation of cellular 
immunotherapy after chemotherapy. Future 
studies will focus on the development of prepar
ative regimens with better immunosuppressive 
potential. The separation and stimulation of 
allogeneic NK cells with antileukemia activity 
will enable us to transfer large effector cell num
bers without GvHR. 

Introduction 

The antileukemic effect of allogeneic lympho
cytes in the context of bone marrow transplan
tation is a well known phenomenon (3). This 
graft-versus-Ieukemia effect has been attributed 
to the cytotoxic effects of T -lymphocytes or NK 
cells [4,7). Although the graft-versus-Ieukemia 
effect is often combined with graft-versus-host 
disease [14), there is evidence from clinical 
observations as well as from animal experiments 
that GVHR is no prerequisite for GVL activity 
[8,6]. Recently, an extension in the use of allo
geneic lymphocytes for immunotherapy of 
leukemias has been demonstrated by the use of 
donor buffy coat cells for relapsed leukemias 
after allogeneic BMT [11]. Here we describe an 
experimental model which allows the investiga-
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tion of a further extension of immunotherapy: 
The use of allogeneic lymphocytes after high 
dose chemotherapy but without transplantation 
of hematopoetic stern cells. 

Methods 

Animals: Balb/c (H-2d), DBA (H_2d) and C57Bl!6 
(H_2b) mice were bred and kept at the animal 
facilities of our institute. All animals were 
housed in conventional cages, seven to 10 ani
mals to a cage, and were given non-sterilized 
food and water ad libidum. 

Tumor cells: A20 is a B-cell lymphoma of Balb/c 
origin that occurred spontaneously in a 15 
month old mouse [10]. The cells were main
tained in culture in RPMI 1640 + 5% FCS at 37°C 
and 5% CO2 • We performed an in-vivo passage 
of these cells by i.v. injection into Balb/c ani
mals. After the mice had developed hepato
splenomegaly, they were killed in terminal stage 
of their disease and the spleens were removed. 
Spleen cell suspensions containing nearly 100% 
of this in-vivo passaged leukemia/lymphoma 
cells were stored in liquid nitrogen and used for 
further experiments. 

Tumor diagnostics: The animals were examined 
daily and necropsied after death. Death due to 
leukemic relapse was defined as death with 
macroscopic proof of tumor and liver weight 
more than 1.5 g and spleen weight more than 
0.15 g. Histologic examination of liver and 
spleen was performed for some animals in each 
group. Animals with hepatosplenomegaly were 
found to have infiltrations of leukemic cells in 
any case. Healthy mice of the same age were 
found to have a liver weight of 1.3 g ± 0,2 g and a 
spleen weight of 0.1 g ± 0.02 g. 

Chemotherapy: Cytarabin (Alexan, Fa. Mack) and 
Cyclophosphamide (Endoxan, Asta Medica) 
were purchased in convential aliquots for clini
cal use. Alexan was used undiluted and Endoxan 
was diluted in aqua dest. as recommended by 
the manufacturer. Before injection of the cyto
static agent, the body weight of the animals was 
determined and the dose adjusted. Both drugs 
were injected i.p. in general ether anesthesia. 

Allogeneic Iymphocytes: The donor mice for the 
allogeneic lymphocytes were C57BL/6 or DBA 

mice, respectively. The animals were killed 
under anesthesia and the spleens were removed 
under germ-free conditions. A single-cell sus
pension was prepared and the mononuclear 
cells were isolated by density gradient centrifu
gation. 

Blood cell counts: Peripheral blood was collected 
by puncture of the tail veins. The total white cell 
count was done in a Thoma chamber. 
Pappenheim stains of blood smears were per
formed and the percentage of lymphocytes and 
granulocytes was determined. 

Experimental system: Female Balb/c mice, 8-12 
weeks of age, were i.v. injected with 1 x loS cells 
of the B-lymphocytic leukemia A20 5 days prior 
to the start of the chemotherapy. The day when 
chemotherapy started was termed day o. 
Cytarabin was given i.p. in a fixed dose of 150 
mg/kg body weight twice daily on day 0-2. The 
animals received a total Cytarabin dose of 900 
mg/kg body weight. Cyclophosphamide was 
given i.p. on ce daily on day 4 and 5. The doses 
were 2 x 60 mg/kg, 2 x 100 mg/kg and 2 x 125 
mg/kg, respectively. At days 8 and 12, 2 X 107 

allogeneic mononuclear spleen cells were inject
ed i.v. in some groups. In the groups receiving 
2 x 60 mg/kg, 2 x 100 mg/kg and 2 x 125 mg/kg 
Cyclophosphamide, spleen cells from allogeneic, 
MHC-mismatched C57Bl!6 donors were used. 
One experimental group received allogeneic 
MHC-matched spleen cells from DBA donors 
after immunosuppression with Cytarabin and 
2 x 60 mg/kg cyclophosphamide. At days 0, 3, 7, 
10, and 13 leukocyte counts were performed. The 
animals were observed until day 200 post 
leukemia injection. 

Statistics: The survival data and the data for 
"freedom from leukemia" were calculated 
according to the method of Kaplan and Meier. 
The groups were compared using the Wilcoxon 
test. The calculations were done on a PC with 
the NCSS statistical software. 

Results 

Antileukemic effectiveness of high dose chemotherapy: 
After injection of 1 x loS A20 cells, all animals 
receiving no further treatment died after a 
median survival time of 26 days (Fig. 1). The 
application of 6 x 150 mg/kg cytarabin and 
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Fig. 1. Freedom from relapse after injec
tion of 1 x 105 A20 leukemia cells into 
Balb/c mice 5 days prior to beginning of 
the chemotherapy, The animals received a 
fixed dose of 6 x 150 mg/kg ARA-C and 
2 x 60 mg/kgCy (n = 12), 2 X 100 mglkg 
(n=16) or 2X125 mg/kg Cy (n=9), 
respectively 
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2 X 60 mglkg cyclophosphamide prolonged the 
median survival to 53 days and reduced the 
relapse rate to 71% (p < 0.01). Escalatating doses 
of cyclophosphamide in addition to the fixed 
dose of cytararabin further improved the sur
vival. A dose of 2 x 100 mg/kg cyclophospha
mide was followed by a relapse rate of 42% 
(p < 0.05). The highest dose of 6 x 150 mg/kg 
cytarabin plus 2 x 125 mglkg cyclophosphamide 
resulted in a relapse rate of 25%. 

Bone marrow depression: A dose response to 
cyclophosphamide on the leukocyte counts 
could be observed (Fig. 2). Mice receiving a dose 
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of 2 x 60 mg of cyclophosphamide showed only 
a slight and short-term depression of the leuko
cyte counts. The nadir was reached 7 days after 
the start of chemotherapy. The leukocyte count 
dropped from 8000/fll to 4200/fll in median. 
The dose of 2 x 125 mg cyclophosphamide 
resulted in a more pronounced decrease of the 
leukocyte count. The median leukocyte count 
was 800/f.Ll. Some animals could not be evaluat
ed since they were in a very bad condition at the 
time of the critical blood sampie and no material 
could be obtained. For that reason, the median 
of the leukocyte count probably underestimates 
the bone marrow depression of this group. 

13 

Fig. 2. Median leukocyte counts of 
Balb/c mice after administration of 
6 x 150 mglkg ARA-C and 2 x 60 
mglkg (n = 16) or 2 x 125 mglkg 
(n = 9) Cy, respectively 

"""'-control --- - 2 x 60 mg/kg Cy - • - 2 x 125 mg/kg Cy 
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Fig.3. Survival of Balb/c mice injected 
with A20 leukemia cells. One group 
received no treatment (n = 20), the sec
ond group received 6 x 150 mg/kg ARA-C 
and 2 x 60 mg cyclophosphamide and the 
third group received MHC-matched 
(n = 12) allogeneic spleen lymphocytes on 
day 8 and day 12 after start of the same 
chemotherapy 
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Antileukemic activity of alfogeneic, MHC-matched leuko
cytes: The addition of MHC-matched allogeneic 
spleen cells after a chemotherapy with ARA-C 
and 2 x 60 mg/kg reduced the relapse rate from 
71% to 42% compared to animals receiving 
chemotherapy only (p < 0.05). In these two 
groups, no lethai toxicity of the treatment proto
col was observed. Animals which received fully 
allogeneic MHC-mismatched spleen cells died 
after a median survival time of 54 days. This 
group did even worse than the group receiving 
chemotherapyalone (Fig. 3). In a control group, 
receiving chemotherapy and fully allogeneic 
spleen cells but no leukemia, some animals 
showed weight loss and died after 18-50 days 
(data not shown). 

MHC-mismatched spleen celfs did not exert antiJeukemic 
activity after chemotherapy: We treated animals with 
higher immunosuppressive doses of cyclophos
phamide (2 x 100 mg/kg and 2 x 125 mg/kg, 
respectively) in addition to ARA-C and injected 
allogeneic MHC-mismatched spleen cells of C57 
donors. There was no advantage for these ani
mals with respect to the relapse rate (Fig. 4). In 
both groups, we observed a major toxicity due 
to the application of the allogeneic spleen cells. 
Compared to animals receiving chemotherapy 
alone, the mortality increased from 8% to 42% 
for mice receiving 2 x 100 mg/kg and from 12% 
to 53% for animals receiving 2 x 125 mg cyclo
phosphamide. This effect was not observed for 
animals receiving the lowest dose of 2 x 60 mg 
cyclophosphamide (Fig. 5). 
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Fig. 4. Survival of Balb/c mice injected with A20 
leukemia cells. The animals received either 100 mglkg 
(a) or 150 mglkg (b) cyclophosphamid in addition to 
ARA-C starting 5 days post leukemia injection. Some 
mice were injected with allogeneic, MHC-mismatched 
spleen cells at day 8 and 12 after start of the 
chemotherapy 

Discussion 

The antileukemic effect of allogeneic bone mar
row cells after BMT is a well recognized phe
nomenon and intensive research is under way to 
define the effector ceH population [5,12], the 
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specificity of the effectors [1] and the relation
ship of this antileukemic effect to graft-versus
host disease [9]. By using donor buffy coat cells 
for the treatment of leukemic relapse after allo
geneic BMT, a first successful application of 
these immunological phenomenons has been 
made. 

We developed a murine model for the inves
tigation of cellular immunotherapy against 
leukemia targets in the context of high dose 
chemotherapy. Our attempt was made to exploit 
the cytotoxic potential of allogeneic lympho
cytes outside the bone marrow transplantation 
situation. By avoiding long-term chimerism, the 
use of fully allogeneic, MHC-mismatched lym
phocytes should be possible. Intermediate 
immunosuppression and depression of hemato
poiesis would aIlow allogeneic cells to exert their 
effects within a few hours or days. Thereafter 
autologous hematopoetic recovery will lead to 
rejection of aIlogeneic cells and will prevent 
GVHD. 

A model for testing this approach has to meet 
several requirements. First, a leukemia and 
chemotherapy model has to be developed that 
simulates relapse rates comparable to those 
after chemotherapy of human leukemias and 
lymphomas. In our model, the murine B-lym
phocytic leukemia A20 was used and dose 
dependent relapse rates of 70% to 30% were 
generated. 

Secondly, chemotherapy induced immuno
suppression and depression of the hematopoetic 
system should last at least for so me days and 
aIlow the aIlogeneic ceUs to do their work. In 
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Fig. 5. Mortality not related to 
leukemia in Balbl c mice after 
chemotherapy with ARA-C, 150 
mg/kg twice daily from day 1-3 and 
the indicated dose of cyclophos-
phamide on day 4-S. One group 
received chemotherapy only, the 
second group was injected on day 
- 5 with A20 leukemia cells and 
treated with chemotherapy and the 
third group received leukemia 
cells, chemotherapy and MHC
mismatched cells of CS7 origin 

our model, chemotherapy with ARA-C and 
cyc1ophosphamide induced adepression of the 
white ceU count below I/nI. A significant reduc
tion of the white cells lasted for 4-7 days and a 
dosage effect of the chemotherapy was seen. 

Thirdly, to determine the risk of GVHD 
makes it neccessary to have at least one allo
geneic model in which GVHD effects are observ
able. In our model, injection of allogeneic, 
MHC-mismatched C57 lymphocytes after 
chemotherapy resulted in higher mortality rates 
as chemotherapy only. This difference was more 
pronounced in the groups with the highest 
immunosuppression. The c1inical impressing of 
the animals (weight loss, hair loss) suggests 
GVHD as cause of death. GVHD occured in 
these animals very quickly after injection of the 
lymphocytes, resembling transfusion related 
GVHD in the human situation [13]. In future 
studies we will try to use lymphocyte subset 
depletion to reduce GVHD without impairment 
of the immuntherapeutic effect. 

A model for immunotherapy should be able 
to demonstrate an immuntherapeutic effect at 
least in one basic donor-recipient combination. 
In our model, injection of aIlogeneic, MHC
matched lymphocytes significantly reduced the 
relapse rate after chemotherapy with ARA-C 
and cyc1ophosphamide. This effect, causing a 
25% reduction of the relapse rate, is comparable 
to an enhancement of the cyclophosphamide 
dosage from 2 x 60 mg/kg to 2 X 100 mg/kg body 
weight. After injection of fully aIlogeneic, MHC
mismatched lymphocytes we were not able to 
detect such an antileukemic effect. This fact 



seems to be in contradiction to clinical results of 
allogeneic BMT with unrelated, MHC-matched 
or partially mismatched BM [2]. On the other 
hand, there is a stronger host-versus-graft reac
tion in the mismatched situation. Since in our 
model, the immunosuppression was lower than 
in the BMT situation MHC-mismatched cells 
might have been rejected after very short time. 

Further investigations will focus on more 
intense immunosupression to prevent rapid 
lymphocyte rejection. Furthermore T -ceH deple
tion of MHC-mismatched lymphocytes will be 
applied to avoid GVHD. We hope to create a 
preclinical model for immunotherapy of 
hematopoetic malignancies without the restric
tions in donor selection which have to be taken 
into account in bone marrow transplantation. 
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Introduction 

In acute myelocytic leukemia (AML) the disease
free survival (DFS) is still unsatisfactory despite 
some advantages by intensification of chemo
therapeutic strategies and/or bone marrow 
transplantation (BMT)[I]. Alternative immuno
therapeutic approaches have been supported by 
BMT data indicating a correlation between graft 
versus host (GvH) reaction and DFS [2, 3]. The 
GvH reaction is supposed to be associated with a 
graft versus leukemia (GVL) reaction, which may 
be responsible for the elimination of minimal 
residualleukemic blast populations by activation 
of cytotoxic cells and secretion of cyctokines as 
TNF-a and IFN-y [4-6]. 

Therefore, therapeutic approaches imaging a 
GvL-like reaction in AML patients to prolong 
DFS or even to eure the patients are desirable. In 
this regard interleukin-2 (IL-2) has been des
cribed to activate previously unrecognized pop
ulations of cytotoxic cells to trigger lytic activity 
against myelocytic blasts [7-9]. So far, eIinical 
trials with IL-2 have demonstrated that com
plete remissions (CR) can be achieved in 
patients with AML in partial remission (PR) 
with limited tumor burden « 20% blasts in 
BM) [10]. Various eIinical trials with IL-2 in 
AML with or without autologous BMT have 
been dealing with the feasibility of this approach 
[10-12]. However, a eIear benefit for DFS has not 
yet been confirmed. 

Here the results of a multicenter eIinical phase 
II trial for AML patients in 2nd remission with 
recombinant IL-2 (rIL-2) as consolidation thera
py with or without autologous BMT are reported. 

Patients and Methods 

Patients. All patients ineIuded into this study 
received an identical induction (2 cyeIes) and 
early consolidation (1 cyeIe) chemotherapy with 
intermediate high-dose cytosin-arabinoside 
(iHDAraC) and etoposide (VP-16). In detail, 
AraC was administered at a dosage of 2 x 600 
mg/rn' on day 1-4 as 2h infusion and VP-16 at a 
dosage of 100 mg/rn' on day 1-7 as Ih infusion. 
In all patients, who achieved 2nd CR, IL-2 con
solidation therapy was scheduled to be started 
within 4-6 weeks after peripheral reconstitution 
following the last chemotherapy cyeIe or 
autologous BMT (ABMT). rIL-2 (EuroCetus, 
Frankfurt, FRG) was administered in a dosage of 
9 MIU/m' as 1h bolus infusion on day 1-5, 8-12. 
This schedule was repeated every six weeks up 
to a maximum of four cyeIes. Complete remis
sion was defined according to the Eastern 
Cooperative Group criteria. To ascertain CR 
during consolidation therapy, complete blood 
counts were monitored weekly and bone 
marrow aspiration was repeated before rIl-2 
therapy, after 2 cyeIes and after 4 cyeIes of rIL-2 
and every 3 months in follow-up. 

'Medical Clinic III, J.W. Goethe University, Frankfurt, FRG 
'Div. ofHematology, UniversityHospital, Ulm, FRG 
3Div.ofHematol., J. Gutenberg University, Mainz, FRG 
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Totally, 36/59 (61%) patients with first relapse 
of de novo AML achieved CR by induction 
chemotherapy. The median age was 52 [23-68] 
years. Patients achieving 2nd remission were 
treated with rIL-2 late consolidation therapy. 
Meanwhile 20 patients including four patients, 
who received ABMT, entered late consolidation 
with rIL-2. Four patients are too early for evalu
ation, six patients relapsed before starting IL-2 
therapy, two received allogeneic BMT and four 
patients refused IL-2 treatment. 

Statistical analysis. Student's t test was used to cal
culate significant differences between lympho
cyte sub sets of various patient groups and 
Kaplan-Meier test for probability of survival. 

Results 

All patients entered into this study received 
a uniform induction therapy consisting of iHD 
AraC/YP-16 with or without following ABMT. 
Twenty patients with 2nd remission of de novo 

AML (including 4 autografted patients) received 
rIL-2 late consolidation therapy. Sixteen 
patients received three and more cycles rIL-2. 
Four patients received less than three cycles due 
to early relapses. In 15/69 (22%) cycles rIL-2, the 
planned dose had to be reduced due to subjec
tive or objective toxicities. 

The median duration ofDFS in the IL-2 treat
ed group was 11 (4-46+) months and the proba
bility for 12 and 24 months DFS was 52% and 
21%, respectively. Up to now 4120 (20%) 
patients, who received rIL-2 late consolidation 
therapy, the 2nd remission duration reached or 
exceeded that in 1st remission (Table 1). One 
patient with M4 AML is in ongoing 2nd CR for 
more than 46 months. 7 patients are in still 
ongoing 2nd remission (5+-46+). 

The side effects were moderate (Table 2). 
No grade IV toxicity was observed. In one 
patient recovering from autologous BMT, 
grade III desquarnative erythrodermia was 
noted, associated with a concomittant allergie 
reaction against cotrimoxazol. One autografted 
patient with granulocytes > 500/,.11 developed 

Table 1. 1st and 2nd remission duration (RD) of patients with r1L-2 late consolidation 
therapy in 2nd remission of AML 

age!sex IstRD 2ndRD present status! 
Patient FAß (years) (months) (months) survival (months) 

M4 58,m 17 46+ eR 48+ 
2* M5 33, f 33 35+ eR 36+ 
3 M4 66, f 16 18 dead in relapse 28 
4* M4 44,f 9 22 dead in relapse 29 
5* M4 28, f 39 20+ eR 22+ 
6 MI 58,f 18 16+ eR 18+ 
7 M4 67, f 13 10+ eR 12+ 
8 M2 56,f 16 11+ eR 14+ 
9 MI 54,[ 11 5+ eR 6+ 

10* M2 23, f 59 13 dead in relapse 20 
11 M5 55,[ 15 5 dead in relapse 10 
12 MI 57, f 17 9 dead in relapse 21 
13 MI 62, f 16 11 dead in relapse 17 
14 M4 37,m 15 12 dead in relapse 18 
15 M4 60,m 14 13 dead in relapse 20 
16 M2 45, m 12 5 dead in relapse 9 
17 M2 55, f 11 5 dead in relapse 9 
18 M2 53, f 11 4 dead in relapse 5 
19 M4 56,m 8 6 alive in relapse 8 
20 Mx 27, f 21 6 alive in relapse 16+ 

*patients with autologous ßMT in 2nd remission 
RD = remission duration 
eR = complete remission 
overall survival = survival from time of starting chemotherapy 
Patients 1-4 have a longer 2nd than 1st remission duration, patients 5-9 have astilI 
ongoing eR but have not yet reached 1st RD 
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Table 2. Side effects during 69 cycles bolus infusion 
IL-2 in AML patients 

Side effects (WHO %) 

0 II III IV 

fever 23 10 64 3 0 
chills 75 25 0 0 0 
nausea 54 16 13 1 0 
arthralgia 70 16 13 0 
skin 75 14 9 1 0 
hypotension 84 9 7 0 0 
diarrhoeas 84 12 4 0 0 
infection 90 1 8 0 
cardiotoxicity 83 17 0 0 0 
fluidretention 84 13 3 0 0 
neurotoxicity 97 3 0 0 0 
creatinine 91 9 0 0 0 
sGOT/sGPT 51 36 12 0 
AP 71 22 7 2 0 
thrombopenia 83 13 4 0 0 
granulocytopenia 94 3 3 0 0 
eosinophilia 86 10 3 0 

septicaemia (staphylococcus aureus) via central 
venous catheter during two cycles of IL-2 thera
py requiring cessation of rIL-2 infusion. 
Altogether it seemed that subjective and objec
tive side effects of IL-2 were much more pro
nounced in patients after autologous BMT than 
in patients without (data not shown). In the lat
ter group rIL-2 was partially administered in an 
outside patient setting. 

Discussion 

The rationale for therapeutic approaches with 
IL-2 in patients with AML is based on several 
experimental and clinical data demonstrating 
the susceptibility of leukemic blasts to lym
phokine-activated killer (LAK) cells and on the 
presence of cytotoxic precursor cells in bone 
marrow and peripheral blood of the patients [7, 
8, 13, 14]. In vivo, administration of IL-2 has 
been shown to be feasible in AML patients with 
or without ABMT using various schedules [11, 
12, 15]. Foa et al [10] demonstrated an anti
leukemic effect of IL-2 therapy by inducing CRs 
in AML patients with partial remission and less 
than 20% blasts in the BM but not in patients 
with higher tumor burden. The latter may find 
support by various observations describing an 
inhibitory effect of leukemic AML blast by solu
ble factors on immune reactions, resulting in 
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reduced cytokine synthesis of lymphocytes and 
impaired cytotoxic activityat acute phase of dis
ease leukemic blasts on cytotoxic cells [16-19]. 

In contrast to most other studies with IL-2 
maintenance therapy, the patients in this study 
received a uniform induction chemotherapy 
consisting of iHDAraC/VP-16. This chemothera
py alone is not assumed to prolong DFS, 
because even in studies using HDAraC the 
median survival does not exceed 6 to 7 months 
[20-22]. The optimal schedule of IL-2 adminis
tration still remains unsolved, but in most of the 
clinical trials intravenous IL-2 administration 
has been used. A prolongation of DFS by IL-2 
consolidation therapy, however, has not been 
confirmed yet. The results of this pilot phase 11 
study indicate that our approach of rIL-2 
administration is feasible in AML patients with 
second remission and suggest a possible benefit 
for prolongation of DFS. Indeed, in 4120 (20%) 
patients an inversion of remission duration 
could be achieved. However, since some of our 
patients relapsed before rIL-2 consolidation this 
may be the result of positive selection. 

The side effects during rIL-2 therapy were 
moderate and manageable with a predominance 
of flu-like symptoms, nausea and slight hypo
tension as reported in other studies [23]. These 
toxicities occurred within 2-4 hours after the 
end of IL-2 infusion and las ted for about 2-4 
hours as described for bolus infusion of r1L-2 
[24]. Other side effects as malaise, erythema and 
arthralgia lasted up to 2 weeks after the rlL-2 
course. Our impression is that rIL-2 following 
ABMT is associated with more severe side 
effects than in patients without ABMT. The 
occurrence of acute side effects seemed to be 
associated in time with the release of secondary 
cytokines as.TNF-u and 11-6, which are known 
to be reponsible for severe side effects as fever, 
hypotension and capillary leak syndrome [23, 
24]. In vitro, these secondarily induced cyto
kines have been reported to enhance activation 
of LAK cells and their possible antileukemic 
effect as well as affecting the expression of sur
face molecules responsible for cytotoxic cell tar
get interactions as MHC antigens and adhesion 
molecules. The role of these secondary cyto
kines for the antileukemic effect of IL-2 in vivo 
in respect to direct antileukemic effect or to 
activation of cytotoxic cells and upregulation of 
surface molecules as MHC-antigens and adhe
sion molecules still has to be defined. The 
administration of rIL2 was associated with an 



increase of circulating LAK ceils as described in 
other studies (data not shown) [231. The study 
confirms the feasibility of immunotherapy with 
rIL-2 in the management of AML patients in 2nd 
CR and suggests a benefit for DFS, but random
ized trials are required to ascertain its possible 
benefit. As a consequence from this experience 
we started a randomized trial with rIL-2 in 1st 
CR of advanced myelodysplastic syndrome and 
secondary AMLs [251. 
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Abstract. In vitro studies have demonstrated the 
anti-Ieukemic effeet of IL-2 stimulated eytotoxic 
lymphoeytes on allogeneic leukemie blasts 
prompting dinical trials with IL-2 in vivo. We 
initiated a phase 11 study with IL-2 in 6 patients 
with acute myeloid leukemia. The patients were 
in seeond or third remission after sueeessful 
salvage treatment for relapse. All patients had 
reeeived a standardized first line treatment 
aeeording to the protocol of the German AML 
eooperative group. Salvage treatment eonsisted 
of sequential high dosed eytosine-arabinoside 
and mitoxantrone (sRAM). the postremission 
IL-2 therapy eonsisted of eontinuous intra
venous infusion of IL-2 in a dosis of 3 x 106 

IU/m/day over 5 days, four weeks later the next 
eyde was given. Lymphoeyte subsets in the 
peripheral blood and their IL-2 reeeptor expres
sion of these patients were studied on day 0, 2 
and 5 of the IL-2 eyde using multiparameter 
tlow eytometry. 13 IL-2 cycles in 6 patients were 
analysed. 

For funetional studies (eolony assay) periph
eral blood lymphocytes (PBL) were isolated at 
day 0 of the IL-2 cyde and stimulated in vitro 
with 1000 lU/mI for 5 days. These activated eells 
were eompared with their in vivo stimulated 
counterparts which were isolated at day 5 of the 
IL-2 cyde. Autologous leukemie blasts isolated 
at first relapse served as target cell in the eolony 
assay (3 patients). If no autologous blasts were 
available or no growth of autologous blasts was 

observed the NK suseeptible cell line K562 was 
used as target. 

Immunophenotyping of PBL during IL-2 
cydes showed a reversible decrease in CD4/CD8 
ratios in 3 patients (day 0: mean 1.3 (0.3-2.4); 
day 2: me an 0.5 (0.2-0.8) and day 5: mean 1.6 
(0.4-2.3)), in 1 patient an increase during IL-2 
therapy was observed (day 0: 0.6, day 2: 0.9 and 
day 5: 0.3) and in 2 patients the data were not 
available. 

The most significant change in lymphocyte 
subsets under IL-2 therapy was the consistent 
increase of the pereentage of CD3+CD57+ cells 
on day 2 and areturn to pre-therapeutical val
ues at day 5 (day o:mean 37% (10-63), day 2: 
58% (31-79) and day 5: 39% (13-69). The relative 
number of cells expressing IL-2 receptors (P55) 
deereased at day 2 and inereased at day 5 again 
(day 0: mean 8(1-21), day 2:2 (0-6) and day p8 
(2-33). 

In clonogenic assays the growth of leukemic 
colonies was inhibited by in vivo and in vitro IL-
2 stimulated CD16 positive and gamma/delta T 
cell reeeptor expressing lymphoeytes in 4 out of 
6 patients. Consecutive treatment courses were 
monitored in two patients and showed a de
crease of cytotoxic aetivity against K562. 

We condude that IL-2 therapy in AML 
patients leads to eharacteristic changes in the 
peripheral blood. Antileukemic activity was 
exeerted in vivo and in vitro aetivated CDI6+ 
NK cells and gamma/delta T cells. 

'Dept. of Haematology/Oncology, University Hospital Münster, Münster, Germany 
'Dept. ofHaematology/Oncology, Georg August University, Göttingen, Germany 
3Dept. of Applied Physics, University ofTwente, Enschede, The Netherlands 



Introduction 

The prospects of AML patients after successful 
induction chemotherapy are still not satisfactory 
in terms of remission duration. 60-70% of all 
patients reach a complete remission, however 
only 15-40% are potentially cured. By using flow 
cytometry or detection of specific gene sequ
ences by polymerase chain reaction (PCR) 
several researchers have demonstrated a popu
lation of residual blasts in complete remission 
bone marrows after intensive chemotherapy 
[1,2]. Therefore a continuous search for 
improvement of postremission therapy in AML 
is needed. The successful therapeutical applica
tion of interleukin-2 (IL-2) therapy in animal 
models of solid tumors and human solid tumors 
[3-7] has initiated basic research in the leukemia 
area [8-13]. Lotzova et al. [11] reported a defec
tive NK cell functioning in active disease and 
they managed to restore the functional defect by 
in vitro IL-2 application. These in vitro studies 
have demonstrated an antileukemic effect of IL-2 
stimulated cytotoxic lymphocytes (CTL) on allo
geneic and autologous leukemic blasts prompt
ing dinical trials with IL-2 in vivo [14,15]. We 
have investigated the in vivo effects of a five-day 
IL-2 postremission therapy in a total of 13 treat
ment courses in 6 AML patients in second com
plete remission (CR). The influence of IL-2 on 
immunophenotype and anti-Ieukemic capacities 
of peripheral blood lymphocytes was compared. 

Patients, Material and Methods 

6 patients (4 male, 2 female, me an age 54 
years,range 37-66 years) were induded in this 
study. All patients were in second or third 
remission after successful salvage treatment for 
relapse. All had been treated according to the 
protocols ofthe German Multicenter AML Study 
[16], using TAD9 (Thioguanine, Cytosine
Arabinoside and Daunorubicin) as induction 
chemotherapy, TAD9 or high dose cytosine-ara
binoside and mitoxantrone (HAM) in the sec
ond part of the double induction protocol. 

After successful treatment of their respective 
relapse with sequential high dose Cytosine
Arabinoside and Mitoxantrone (sHAM) an IL-2 
postremission therapy was started. 

1L-2 Therapy protocol. Four weeks after reaching CR 
a second bone marrow aspirate was taken to 
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confirm continuous complete remission. The 
postremission therapy consisted of continuous 
intravenous infusion of IL-2 (Biotest Pharma, 
Dreieich, Germany) in a dose of 3 million lUlml 
day for 5 days. Four weeks later the next cyde of 
IL-2 therapy was applied. If side effects (grade 3 
or 4 WHO) occurred during IL-2 application the 
IL-2 dose was reduced by 50%. The application 
of IL-2 was stopped when the patient suffered 
relapse, side effects (grade 4 WHO) even after 
50% dose reduction, or an allogenic donor was 
identified for bone marrow transplantation. 

Material 

Isolation of the peripheral blood leukoeytes. Blood of the 
AML patients was obtained by venipuncture on 
day 0, 2 and 5 of the IL-2 consolidation therapy. 
Heparine was used as anti-coagulant (150 USP 
sodium Heparine/lOml). Human leukocyte 
preparations were obtained by adding 190 ml of 
lysing buffer (8,29 g/l NH4 Cl, 0,0037 Na2 EDTA, 
1,00 g/l KHC03 ) to 10 ml of whole blood and 
incubating for 20 minutes at 40 oe. The (ery
throcyte lysed) blood suspension was washed 
three times with phosphate buffe red saline 
(PBS). Cell suspensions were adjusted to a con
centration of 1 x 107 cells/ml in PBS containing 
0,005% sodium azide and 1% serum albumine. 

Immunofluorescence. 100 microliter of ceH suspen
sion was incubated with 20 microliter of pre
titered monodonal antibody for 30 minutes on 
ice. Subsequently cells were washed twice and 
resuspended in 1 ml standard buffer. Flow cyto
metric measurements (FACScan, BDIS, San Jose, 
CA, USA) were performed on the same day. 

Monoe/onal antibodies. The following monodonal 
antibodies were used in this study: anti-CD3 
(Leu4), anti-CD4 (Leu3), anti-CD8 (LeU2a), anti
CD16 (Leu11), anti-CD25, anti-CD57(Leu7). 

All monodonal antibodies were from BDIS 
(San Jose, CA, USA), and directly conjugated to 
either FlTC or PerCP. 

Colony Assays 

Target eel/s. Autologous leukemic blasts of 3 pati
ents in relapse obtained by Ficoll Hypaque den
sity gradient isolation. The cells were frozen 
with 40% FCS and 10% DMSO and thawed just 
prior to the experiments. 



A schematic representation is presented in 
Figure 1. 

Effector (el/s. For in vitro analysis effector cells 
were isolated from peripheral blood prior to the 
start ofthe IL-2 cyde (day 0). Cells were stimu
lated in vitro with 1000 IU IL-2/ml in RPMI 
medium (Gibco) for five days. In vivo effector 
cells were isolated on day 5 of the IL-2 cyde by 
Ficoll Hypaque density gradient isolation. 

Both in vitro and in vivo stimulated effector 
cells were separated with ahorne built cell sorter 
(department of Applied Physics, University of 
Twente, Enschede, The Netherlands) into T 
gamma/delta receptor expressing cell fraction, a 
CDI6+ NK cell fraction and a fraction contain
ing an cells. 

Purity of all fraction was high er than 95%, 
viability was over 90% checked by microscopic 
evaluation. All preparation were done under 
sterile conditions. 

Inhibition assay. Target and effector cells were 
incubated at a ratio effector to target ratio of 
1:5 (100.000:500.000 with autologous bl asts, 
10.000:50.000 with K562 cells) in methylcellu
lose 0,9%, Iscove's Modified Dulbecco's Medi
um (IMDM, Gibco), Fetal Calf Serum (FCS) 
30%, 1O-5M-Mercaptoethanol, 100U Granulocyte 
Macrophage-Colony Stimulating Factor (GM
CSF) and 100U Erythropoietin. The cells were 
incubated in Petri-dishes in 1 ml volume for 
10-14 days at 37 C and 5% CO [17-19). 

Freezing 
o'leulcemlc 

blaata 

After 10 to 14 days colonies were evaluated on 
the basis of their morphology and growth char
acteristics. A duster of cells was defined as a 
colony when it contained over 50 cells. 

Results 

Table 1 displays the CD4/CD8 ratio of the 
patients. 

In patient 1,5 and 6 a dear shift towards high
er relative percentage of CD8+ cells was obser
ved (day 0: mean 1.3 (0.3-2.4); day 2: mean 0.5 
(0.2-0.8) and day 5: mean 1.6 (0.4-2.3», in 
patient 2 an increase during IL-2 therapy was 

Table 1. CD4/CD8 ratio of peripheral blood lympho-
eytes before (day 0), during (day 2) and after (day 5) 
IL-2 treatment 

Patient # II-2 eyele dayo daY2 days 

2,4 0,6 2 
2 4,6 1 4,6 
3 3,1 1,2 4,2 
4 1,5 0,7 0,8 

2 0,5 0,6 1,2 
2 0,6 0,9 0,3 
3 0,4 0,6 0,5 
4 0,4 1 0,5 
5 0,3 0,6 0,7 

3 0,6 ND 3 
4 1,3 ND 
5 0,3 0,2 0,4 
6 1,2 0,8 2,3 

s.p..don CFU-L 
ofen. 

Fig. 1. Influenee of eytotoxie eells on CFU -L in a patient with AML relapse. Sehematic representation of the 
experimental design 
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observed (day 0: 0.6, day 2: 0.9 and day 5: 0.3). 
Patient 2 already had a high number of CD8+ 
eells eompared to CD4 + eells before start of 
therapy. In 6 out of eyeIes the indueed shift of 
CD4/CD8 ratio is eompletely restored at day 5 
of the IL-2 eyeIe. In 3 patients however (patient 2 
eyeIe 1 and 5, patient 3 eyeIe 1) ehanges in CD41 
CD8 ratio remain present direetly after IL-2 
therapy. 

Table 2 shows the results of ehanges in im
munophenotypie CD3+ CD57+ eells during IL-
2 treatment. 

Table 2. Immunophenotyping of peripheral blood 
lymphoeytes before (day 0), during (day 2) and after 
(day 5) IL-2 treatment (pereentages) using the MAß 
combination anti-CD3 and anti-CD57 

Patient 

2 

3 
4 
5 
6 

# II-2 eyele 

1 
2 
3 
4 
1 
2 
3 
4 
5 

dayo 

14 
14 
14 
10 
59 
56 
58 
63 
16 
56 
24 
57 
42 

daY2 daY5 

37 29 
42 19 
46 17 
39 27 
70 54 
83 42 
68 69 
79 64 
65 58 
ND 13 
31 ND 
73 50 
60 23 

Table 3. Expression of IL-2 (P-55) during IL-2 therapy 

Patient dayo daY2 days 

3,2 0,3 2,3 
2 1 0 25 
3 20,6 6,4 32,7 
4 6,8 0 10,4 

One ean observe a shift towards more CD3+ 
CD57+ eells in all six patients (day 0: mean 37% 
(10-63), day 2: 58 % (31-79) and day 5: 39 % 
(13-69). The shift is reversible as ean be seen at 
day 5 of the interleukin-2 eyeIe. In patients who 
reeeived more than one eyeIe of IL-2 the effeet 
was reproducible, even more distinet. 

Table 3 displays the pereentage of eells with 
express IL-2 reeeptors (CD25) during a therapy 
eyeIe of 4 patients. During therapy the number 
of eells positive for CD25 deeIines (day 0: me an 
8 (1-21), day 2:2 (0-6) and day 5=18 (2-33). 

Table 4 shows the results of the eolony assays 
performed in four patients. In 3 patients autolo
gous bl asts from relapse were eolleeted as autol
ogous target eells, however only in one ease 
(patient 3) autologous blasts displayed eIono
genie growth after freezing and thawing. In the 
other patients it was neeessary to use the NK
sensitive eell line for eIonogenie assays. We 
observed different patterns of antileukemie 
effeets. In some patients (patient 2) no inhibi
tory effeets were observed by eoineubating 
leukemie blasts with different IL-2 stimulated 
effeetor eell populations. In patient 1 only the 
in vitro stimulated CD16+ and g/d T effeetor 
fractions showed inhibitory effects. In patient 4 
only the in vivo stimulated CD16+ and g/d T 
effeetor fractions showed moderate inhibitory 
effeets. In one patient (patient 3) a strong 
inhibitory effeet of IL-2 stimulated eells in vitro 
and in vivo ean be seen (Target eells were autol
ogous bl asts ). 

Figure 2 displays the absolute numbers of 
colonies of patient 3. The inhibitory effeets of 
autologous T-gamma/delta and CD16 positive 
NK eells after in vivo and in vitro IL-2 stimula
tion are also shown. 

Table 4. Influenee of in vivo and in vitro IL-2 stimulated lymphocytes on elonogenie outgrowth of CFU-L 

Patient control %* 

100 
2 100 
3 100 
4 100 

*Control: without effector eells 
+Total: all effeetor eells 

total+ vitro 

93 
102 

6 
80 

Vitro = in vitro ineubated with IL-2 for 5 days 
Vivo = in vivo ineubated with IL-2 for 5 days 
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vivo 

89 
105 
22 
69 

CD16+vitro vivo g/d+vitro vivo 

37 103 21 103 
91 98 93 90 
0 17 0 0 

100 89 142 68 
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Fig.2. CFU-L. Absolute count ofleukemic colonies of patient 3 comparison of in vitro and in vivo simulation 

Discussion 

To elucidate the mechanisms which could help 
in an autologous antileukemic effect in AML 
patients by IL-2 we studied the immunopheno
typic changes during cydes of continuous IL-2 
infusions in patients after first relapse. It should 
be realized that this is a preliminary study with 
very limited number of patients. We found char
acteristic changes in lymphocyte distributions 
during IL-2 treatment. In 3 out of 4 evaluable 
patients there was a decrease in CD4/CD8 ratio. 
In patients who received multiple cydes of IL-2 
this decrease in CD4/CD8 ratio was repro
ducible. The shifts in CD4/CD8 ratios cannot be 
explained by the increase of CD3+CD8+CD-
57+ completely, there are also patients with an 
inversion of this ratio. 

The relative number of CD3+CD57+ lym
phocytes increased in the peripheral blood at 
day 2 of IL-2 therapy. Absolute numbers an 
decreased. IL-2 induces a lymphopenia, it is at 
this moment not known where peripherallym
phocytes are mobilised. 

Lotzova et al. (14) studied the cytotoxic pro
file and distribution of lymphocyte subsets of a 
similar group of patients and similar IL-2 thera
py (only 4 days continuous infusion of 1-1.25 
million Ulm2/day after IL-2 infusion). Pheno-

typic analysis demonstrated that CD3 - , CD56 + 
NK ceHs were significantly increased by in vivo 
IL-2 treatment 34 to 47-fold in absolute num
bers, while CD3 -, CD56+ T ceH subset 
remained low. However analyses were per
formed 5 days after IL-2 cyde.The reasons for 
the selective increase of CD3+CD57+ are not 
known. It could be an incompetence to respond 
to interleukin 2 by lack of receptors of this spe
eific sub set. At day 2 of the cyde there are very 
few cells expressing IL-2 receptors, but again 
this could also be caused by a speeific blockade 
of the receptors by the large amount of IL-2 for 
the anti-CD25 receptor antibody. Perhaps the 
increase of CD3+CD57+ cens must be interpret
ed as response to IL-2. In healthy individuals 
CD3+CD57+ are also CD8+, there are almost 
none CD4+ CD57+ cens. This CD3+CD8+ 
CD57+subset is interesting because it has been 
assoeiated with CMV infections (20) and are 
described as pre-cytotoxic T ceHs in long term 
bone-marrow transplanted patients (21). 

The functional testing by means of colony 
assays of in vitro and in vivo stimulated lym
phocytes shows divergent results. In some 
patients (e.g. patient 2) addition of IL-2 stimu
lated lymphocyte subset did not influence 
donogenic outgrowth of CFU-L. In others 
(e.g. patient 3) addition of specific lymphocyte 
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subsets had a strong inhibitory effect on clono
genie outgrowth of CFU-L. Patient 1 and 4 are 
examples of patients where either in vitro stimu
lated lymphocyte subset (patient 1) or the in 
vivo stimulated lymphocyte subset had an 
inhibitory effect on clonogenic outgrowth of 
CFU-L. In patient 3 there were autologous 
leukemic blasts available from his first relapse. 
The strong in vitro and in vivo inhibitory effects 
of his autologous IL-2 stimulated CD16 NK ceIls 
and gamma/delta T ceIls motivate us to continue 
the development of an adoptive immunotherapy 
in AML (Fig. 2). 
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Comparison of Immunological and Molecular Markers When Using 
Interleukin-2 (lL-2) Alone or in Combination with y-Interferon (lFN-y) 
in the Maintenance Therapy of Acute Myeloid Leukemia (AML) 

A. Neubauer" O. Knigge, R. Zimmermann, D. Krahl', C. A. Schmidt, J. Oertel, and D. Huhn 

Abstract. Since interleukin-2 (lL-2) has been 
shown to induce lysis of autologous AML blasts, 
maintenance therapy with IL-2 could be of value 
in AML. However, IL-2 normally is given at high 
doses, and side effects commonly occur. Low
dose regimens have been described [1]. 
Cytokines are capable of inducing other biologi
cal active media tors, and it is not known 
whether the in-vivo effects of low-dose IL-2 can 
be augmented by the addition of y-IFN. We 
studied the biological effects of low-dose IL-2 
alone or in combination with y-interferon in the 
maintenance phase. AML patients were first 
treated using idarubicin and ara-Co 27 patients 
(25 de nova, 2 relapses) were enroiled in this 
study. Median age was 53Y (range 21-81). 10/27 
patients were investigated using standard cyto
genetics, of which 6 were abnormal (4 of these 6 
revealed deI (5Q). '3 (48%) patients ente red CR. 
As maintenance treatment 4-week cyeies of 
either low-dose IL-2 alone or IL-2 in combina
tion with y-IFN were alternated. Patients were 
randomized to start with IL-2 cyeies, or with IL-
2 + y-IFN. After each cyeie, patients were 
crossed over to the other arm. By this method, 
23 immunological and 9 molecular markers of '3 
cyeies with IL-2 alone and of 14 cyeies of IL-2 + 
y-IFN could be compared. No side effects were 
observed. Immunological analysis using two
color flow cytometry showed activation of T
ceils in single patients. No difference between 
cyeies with IL-2 alone as compared to IL-2 plus 
IFN-y was observed with regard to activation of 

T -ceils. However, an increase of B-ceils was 
demonstrated when using the combination 
treatment compared to IL-2 alone. Polymerase 
chain reaction using primers specific for various 
human cytokines and the respective receptors 
(lL-2; IL-2 receptor; IL4; IL6; IFN-Y; GM-CSF) 
revealed no correlation with treatment. In con
eiusion, maintenance with low-dose IL-2 seems 
to be safe and is weil tolerated; the only differ
ence observed between the two cyeies was an 
increase of B-ceils in the cyeies with IL-2 plus 
IFN-yas compared to IL-2 alone. 

Introduction 

Acute myeloid leukemia is a eional proliferation 
of myeloid progenitor ceils leading to outgrowth 
of the malignant eione which results in the 
impairment of normal bone marrow function. 

In recent years, molecular biology has 
brought deep insights into the biology of this 
heterogenous disease: for instance, the translo
cation of the retinoic acid receptor alpha gene 
(RAR-alpha) into another gene termed PML 
results in a fusion gene PML-RAR-alpha. This 
molecular lesion is thought to cause AML FAB
M3. Other molecular aberrations frequently ob
served in AML ineiude translocations involving 
transcription factors AMLI-ET01 (t [8;21]; AML
M2) and transcription factor CBFß/PEBP2 (inv 
16q; AML-M4Eo) [7]. However, except for 
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AML-M3, this knowledge has not yet lead to spe
eific therapeutic strategies. 

AML is normally treated using a combination 
of different drugs in du ding cytosin-arabinoside 
(ara-C) and anthracydines such as daunoru
bicin. It has been shown that more aggressive 
strategies in the induction therapy leads to high
er complete remission (CR) rates, even in the 
elderly patients [5]. Furthermore, post-remis
sion therapy in all patients is necessary to avoid 
early relapses. ' 

Although re cent chemotherapeutic regimens 
have resulted in complete remission rates up to 
85% of AML in adults, most patients still die 
from a relapse of their disease. One strategy to 
prevent relapses is to administer maintenance 
therapy using combination chemotherapy [4]. 

Another option is the stimulation of immune 
competent cells in order to kill residualleukemic 
cells. A variety of immunotherapeutic strategies 
have been published, one of which being the 
administration of interleukin-2 (1L-2) in these 
patients. Normally, IL-2 is given at high doses of 
several million units intravenously. This often 
results in severe side effects. Other application 
regimens applicable on an outpatient basis have 
been published [1]. In order to augment the bio
logical effects of IL-2, other cytokines may be 
given without increasing toxicity. One candidate 
is interferon-y (1FN-y), which in-vitro has been 
shown to increase sensitivity to 1L-2 due to 
upregulation ofthe IL-2-receptor [6,12]. 

In the present study, 1L-2 and 1FN-y were 
given on a outpatient basis and ex-vivo parame
ters such as expression of cytokine genes and 
activation of lymphoeyte subsets were assessed. 
Treatment cydes consisted of either 1L-2 alone 
or 1FN-yfollowed by 1L-2. 

An alternative to chemotherapy in the main
tenance phase of treatment is immunotherapy, 
since AML-cells are subject to killing of immune 
competent cells. Different protocols use vaccina
tion of patients with either allogeneic or auto
logous AML-cells. Another option is the 
application ofbiological active cytokines such as 
interleukin-2 (1L-2). Since IL-2 has been shown 
to induce lysis of autologous AML blasts, main
tenance therapy with 1L-2 could be of value in 
AML. However, 1L-2 normally is given at high 
doses, and side effects commonly occur. Low
dose regimens have been described and applied 
in patients suffering from solid tumors [1]. 

Since cytokines are capable of inducing other 
biological active mediators, we sought to study 

the in-vivo effect of the combined treatment of 
two in-vitra synergizing cytokines, namely IL-2 
and y-interferon (1FN-y). We studied the biolog
ical effects of low-dose IL-2 alone or in combi
nation with 1FN -y in the maintenance phase. We 
chose a recently published induction regimen 
consisting of ara-C (200mg/m 2 x five days) and 
idarubicine, a novel and potent anthraeydine 
(12mg/m 2 x three days) [2]. 

Patients, Materials and Methods 

Patients: 27 patients suffering from de novo 
(N = 25) and first relapsed (N = 2) AML were 
treated using a combination chemotherapy con
sisting of idarubicin (IDA) and cytosin-arabi
noside (ara-C) as described [2]. The dinical data 
of the 27 patients are presented in Table 1. After 
obtaining complete remission, patients eligible 
for further treatment were randomized in two 
arms: 

arm I: treatment with cydes: A-B-A-B-A-B-A 
arm II: treatment with cydes: B-A-B-A-B-A-B. 

Cyde A consisted of: interleukin-2 (Pro
leukin, Eurocetus) monotherapy, 1 x 105 Cetus
Units/m2 , three times weekly for four weeks. 
Cyde B consisted of: IFN-y (Polyferon, 
Rentschler), 1,5 x 106 lE/m2 days 1 and 3, then 
start with 1L-2 as in eyde A. 

During the maintenance treatment, in-vitro 
studies were performed to study expression of 
different cytokines using reverse transcriptase 
polymerase chain reaction (RT-PCR). Further
more, multi-parameter fiow eytometry was used 

Table 1. Clinical data of the 27 patients before 
chemotherapy 

Age median (range) 
Sex (m/f) 
denovoAML 
relapsed AML 
Mo 
MI 
M2 
M3;M3v 
MSb 
M6 
Cytogenetics 

normal 
abnormal* 
not performed 

*1 X t[15;17]; 1 x t[9;11]; 4 x del5q 

53Y (21-81) 
18/9 
25 
2 

3 
6 

14 
2 

4 
6 

17 
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to determine the activation of immune compe
tent cells during and after the treatment. 

The study was approved by the ethical com
mittee ofthe Freie Universität Berlin. 

Multiparameter-flow eytometry: Flow cytometry was 
essentially performed as described using a 
FACScan flow cytometer (Becton Dickinson, 
Heide1berg) [U,14]. Dual color immunofloures
cence was assesed using different combinations 
of: CD4S (pan-Ieukocyte); CD14 (monocyte); 
CD19 (B-cells); CD3 (T-cells); CD4 (T-helper); 
CD8 (T -suppressor); as "activation" markers, 
HLA-DR and CD2S (lL-2 receptor O-chain) were 
used. In addition, the following antigens specific 
for natural killer cells were determined: CD16; 
CDS6; and CDS7. 

Reverse-transciptase polymerase ehain reaetion (RT-PCR): 
Extraction of RNA, and PCR were performed as 
described previously [9]. Primers specific for the 
following cytokines or receptors were used: 
interleukin-lß; IL-2; IL-2 receptor u. chain; inter
leukin-4; interleukin 6; interleukin 7; TNF-u.; 
GM-CSF; IFN-y. Primers were either purchased 
from Clontech (Palo Alto, CA) or synthesized by 
TIB Mol Biol (Berlin). PCR was optimized for 
each primer pair. The sequence of the primers, 
and the conditions for PCR are provided upon 
request. 

Statistical analysis: Data were stored in a database 
program on a personal computer. Statistics were 
performed using different tests and the CSS sta
tistical program (StatSoft, Tulsa, OK). 

Results 

Treatment outcome after idarubicin and ara-C: 
27 patients were prospectively treated in two 
institutions using idarubicin and ara-C in a con
ventional dosage as described [2]. Table 2 pre
sents the response criteria of all 27 patients. 

Table 2. Results of induction treatment by age 

age<60 age~60 total 

complete remission 9 4 13 
partial response 3 4 7 
no response 0 1 
eariy death 4 2 6 
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Maintenance treatment with low-dose IL-2 
and IFN-y. Seven patients were eligible for ran
domization in the two maintenance treatment 
arms, four of which received arm A, and three 
arm B. A total amount of 27 cyeIes was given to 
these seven patients (N = 13 cyeIe A; N = 14 cyeIe 
B). The treatment was tolerated without serious 
side effects. In two cases, mild inflammation at 
the side of injection after s.c. application of IL-2 
was observed. No systemic side effects such as 
fever, night sweats or weight gain or loss were 
observed in any patient. 

Five of seven patients relapsed during the 
maintenance therapy. One patient relapsed five 
months after the termination of maintenance 
therapy, whereas one patient is in continous 
complete remission six months after the end of 
maintenance therapy. Blast cells of one patient 
originally lacking CD2S were positive at the time 
of relapse for expression of CD2S. 

With regard to the in-vitro determined "acti
vation" parameters (coexpression of HLA-DR 
and CD2S), "activation" of T -cells could be 
observed in single patients. However, this phe
nomenon was not observed in every patient. 
When the expression-PCR data, and the evalua
tion of the multiparameter-flow cytometric data 
were analysed according to the two different 
treatment arms, no significant differences were 
observed with respect to most parameters. 
However, the absolute, and relative number of 
B-cells were significandy higher in the treatment 
arm utilizing IFN-y + IL-2 compared to the arm 
with lL-2 alone (p = 0.008; p = 0.013; Fig. 1). 

Discussion 

In this study, we sought to investigate in-vitro 
and in-vivo effects of either combined treatment 
with IL-2 and IFN-y or IL-2 alone in patients suf
fering from AML in their first or second remis
sion. The induction and consolidation consisted 
of ara-C in a conventional dosage and the new 
anthracyeIine idarubicin as published [2]. The 
data of induction and consolidation treatment 
were worse in this unselected group of AML
patients compared to other prospective studies 
[2,17,18]. This may be explained in part by the 
cytogenetic phenotype of the patients: of 
10 patients investigated cytogenetically, S patients 
harbored an abnormality of either chromosome 
Sq (N = 4) or t(9;u)(N = 1), aberrations known to 
be associated with a poor prognosis (Table 1; 13). 
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Fig.l. Box blots displaying the absolute (A) and rela
tive (B) number of B·cells of IL-2 given alone (Zeft) or 
in combination with IFN.y (right). Shown is the mini
mum and maximum, the 25-75% range, and the medi
an value. The absolute and relative number of B-cells 
was higher when the combined therapy was given 
(p = 0.008 and 0.013) 

Further, the median age in our study was higher 
compared to many other studies. 

27 cycles consisting ofIL-2 alone or in combi
nation with IFN-y- "priming" could be analysed. 
Our data show no augmentation of cellular acti
vation after the combined cytokine treatment as 
compared to IL-2 alone. In detail, there was no 
significant difference regarding the activation of 
all subsets of T -cells, namely expression of the 
alpha chain of the IL-2-receptor (CD2S), and 
coexpression of the DR-antigen on different 
subtypes of lymphocytes such as CD4- and 
CD8-positive T-cells. Thus, a "priming" effect of 

IFN-yon T-cells with respect to upregulation of 
the IL-2-receptor as described in-vitro [3,6,161 
could not be observed in our study. Several rea
sons could account for this phenomenon: first, 
the doses of the cytokines may be different from 
what has been described in the literature. It is 
unlikely that this is the case for the dose of IFN
y, which was in the range of 120 Ilg correspond
ing to about 3 x 106 units. However, when 
comparing our dose of IL-2 to the doses report
ed in the literature, it is evident that even after 
converting cetus-units to international units the 
dose given in this trial was lower than others 
have used. There are, however, some reports 
where similar doses of IL-2 were used [151. This 
trial used continous intravenous infusion over 
several weeks thus providing a permanent sup
ply of IL-2; in contrast, we used subcutaneous 
injections three times per week for four weeks. 
The cumulative dosis in our trial was thus lower 
than the one reported by others within 90 days 
(2.2 x 106 Units/m' vs. 18 x 106 Units/m'). 

The observed increase in the number of 
CDl9-positive B-Iymphocytes in the cycles con
taining IFN-yas compared to the cycles provid
ing IL-2 alone is interesting. IFN-y has different 
effects on B-cells: it inhibits the growth accesory 
effects of IL-4 on B-cells; in contrast, together 
with anti-Ig antibodies, IFN-y augments the pro
liferation of human, but not murine, B-cells. 
Since both the absolute, and relative number of 
B-cells increased during the cycles consisting of 
IFN-y and IL-2, it may be speculated that these 
two cytokines augment the number of B-cells in 
humans. 

In conclusion, the addition of IFN-y to low
dose IL-2 in the maintenance treatment of AML 
does not augment the number of activated T
cells or NK-cells, but seems to increase the num
ber of B-cells. 
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Immunological Response to IL-2 and a-IFN-Treatment After Autologous 
BMT in Patients with BCR-ABL-positive ALL 

Hans Martin, Lothar Bergmann, Jochen Bruecher, Susanne Christ, Bernd Schneider, Barbara Wassmann, 
and Dieter Hoelzer 

Introduction 

Patients with Phl+/BCR-ABL+ALL have an 
extremely poor prognosis after treatment with 
conventional chemotherapy [19,31]. Bone mar
row transplantation, however, offers a chance of 
eure for a proportion of these patients [1,25]. 
Evidence from preclinical [9] and clinical 
studies at various institutions including our own 
[3, 4] suggests that maintenance immunothera
py with IL-2 may exert an additional "GvL"-like 
antileukemic effect after chemotherapy or autol
ogous BMT in patients with AML [5, 6, 11, 15, 24, 
28]. Less data are published on posttransplant 
therapy with IL-2 in patients with high risk ALL 
[5,10,24,30]. Alternatively, some patients with 
PhI-POS ALL were reported to receive mainte
nance therapy with a-IFN [14,16,26,27]. We 
combined these approaches and initiated a pilot 
phase II study for patients with BCR-ABL-posi
tive ALL to receive sequential cycles of rIL-2 and 
a-rIFN after autologous BMT as part of an 
ongoing ABMT-program [23]. 

Patients and Methods 

Patients. Patients with Phl+/BCR-ABL+ ALL 
without histocompatible allogeneic bone mar
row donor in complete remission were eligible 
for this study. Here we present data on 4 
patients (median age 47,5 years) who were auto
grafted in CR 1 (n = 3) or in CR 2 (n = 1). The 3 
CRl-patients were referred to our center for 
AB MT after they received consolidation chemo-

therapy according to the high risk stratum of the 
German Multicenter ALL (04/89) trial at several 
participating hospitals (HD-AraC 1 g/m2 x 8 
doses and mitoxantrone 10 mg/m2 x 4 doses) 
[18,20]. The fourth patient was referred for 
ABMT in second CR [12]. All patients gave writ
ten informed consent. 

Autologous BMT. Autologous bone marrow was 
harvested within 2-4 weeks after completion of 
hematopoietic recovery following consolidation 
chemotherapy. The marrow was ficolled using 
a Cobe 2991 blood cell separator, followed by 
in vitro purging with a cocktail of mouse IgM 
antihuman B-lineage MoAbs directly coupled to 
immunomagnetic beads. The incubation was 30 
min at 4 °C at a ratio beads : target B-cells of 40:1 
(Dynabeads™ M450 CDlO, CD19 and AB-4 = 

anti HLA-DR [21]). Subsequently the beads were 
separated using a Baxter MaxSepTM device, fol
lowed by a second round of immunomagnetic 
beads incubation and MaxSepTM separation. The 
patients proceeded to conditioning with hyper
fractionated TB! 14,4 Gy + CY 200 mg/m2 and 
ABMT within 2 weeks [23]. 

Maintenance immunotherapy with rIL-2/a -IFN. The 
patients were scheduled to receive sequential 
cycles of rIL-21a-rIFN after ABMT. The initial 
intention was to start rIL-2/a-rIFN after engraft
ment and independance of platelet transfusions. 
However, posttransplant hematopoietic recon
stitution was delayed in all three CRl-patients, 
probably due to the intensity of chemotherapy 
prior to bone marrow harvest [22]. Eventually it 

Dept. ofHematology, Johann-Wolfgang-Goethe-University Hospital, D-60590 FrankfurtlMain, Germany 



was decided to start rIL-21a-rIFN, while 
hematopoietic reeonstitution was still in co m
plete (see Table 1). The treatment per eyeIe was 
a-rIFN 3 x 106 IU s.e. 3 x per week for 2 weeks, 
and rIL-2 (ProleukinR) at initially 9 x 106 IU/m' 
as I-h-infusion on day I-S and 8-12. Due to 
major side effeets in the first two patients, the 
dose of rIL-2 was redueed to 6 x 106 lU/rn' in all 
further eyeIes. 

Evaluation of Iymphocyte subsets and NK-cell activity. 
Peripheral blood eells were analyzed during and 
after rIL-21a-rIFN therapy on days 0, 8, IS, 22 
and 28 of eaeh treatment eyeIe. The following 
parameters were evaluated: absolute lymphoeyte 
eount/J.lI, T -eell subsets (CD3 CD4, CD8), IL-2-
reeeptor alpha (TAC = CD2S) and beta ehain
(TU27) pos. eeIls, CDs6+ NK eeIls, and in vitro 
cytotoxicity against Daudi- and Ks62-eells using 
51Cr-release. Cell phenotyping by flow eytomet
rie analysis and 51Cr-release eytotoxicity assays 
were deseribed in detail elsewhere [2]. 

Results 

Adherence to the treatment schedule. The posttrans
plant treatment with rIL-21a-IFN was offered to 

Table 1. Begin of rIL-2/a-IFN cydes (days after 
ABMT) 

Age/sex/ 
Pat status Cydel Cyde 2 Cyde 3 Cyde 4 

#1. 50/F CRI d+165 -
# 2. 45/M CRI d+109 d+144 d+284 
#3· 45/F CRI d+155 d+208 d+272 d+321 
#4. 56/M CR2 d+ 95 

4 patients and all of them completed at least 1 
eyeIe. However, patient #1 objeeted to proeeed 
due to the side effeets experieneed during the 
first eyeIe and the longlasting previous hospitali
sation [22]. Patient #4 postponed eyeIe 2 for 
similar reasons and eventually relapsed on 
d+160. Patients #2 eompleted three and patient 
#3 all four eyeIes (Table 1). A total of nine eyeIes 
were administered. Due to persisting low 
platelet counts it was not feasible to give eontin
uous treatment with a-rIFN 3 x 106 IU s.e. 3 x 
weekly for 1 year as initially seheduled. 

Side effects. Side effeets were skin rush, fluid 
retention, fever as deseribed in previous studies, 
and pleuritis (n = 1) and streptoeoeeal sep
tieemia (n = 1). Patient #3 had early posttrans
plant irreversible renal failure requiring ehronic 
hemodialysis [29] and first objeeted but later 
agreed to start rIL-21a-IFN. She tolerated this 
treatment reasonably weIl and eompleted all 4 
seheduled eyeIes. 

Response of Iymphocyte subsets to rlL-2/a -IFN. The 
posttransplant counts for leukoeytes, totallym
phoeytes and subsets were subnormal in all 
patients prior to rIL-21a-IFN treatment. The 
three patients autograf ted in CRI represent a 
homogenous group in respeet of pretreatment 
and delayed posttransplant hematopoietic en
graftment. Their mean response to rIL-21a-IFN 
during the first eyeIe is shown in Table 2 and 
Figure 1. The numbers of lymphoeytes, CD3 +, 
CD4+, and CD8+ eells inereased 2 to 3-fold on 
either day 8 or day IS. The peak response of 
CD2S+, TU27+ and CDs6+ (NK-eells) on day 8 
or day IS was 5 tO-7-fold eompared to pretreat
ment values. 

Table 2. Immunologieal response during the first eyde ofrIL-2/a-IFN BCR-ABL+ ALL 
patients autograf ted in CR 1 (mean ± SEM, n = 3) 

dayo day8 daY15 daY22 

Leukoeytes 2033 ±291 2350 ± 250 3500±600 2650 ± 1050 
Lymphocytes 835 ± 153 1731±349 18:12 ± 335 1521 ±433 
CD3+ 676±186 722±44 1063± 662 1135 ±525 
CD3+DR 362±78 626±23 741±304 557±89 
DR+ 73±26 693±265 438 ± 242 147±49 
CD4+ 145 ± 23 239±74 343±72 276 ± 135 
CD8+ 557± 125 llU±9 988 ± 189 1095 ± 214 
CD25+ 54±30 139±69 164±38 35±20 
TU27+ 106 ± 21 821 ± 282 446±156 279±14 
CD56+ 104±20 n.d. 558 ±211 242±22 

n.d. = not done 
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Fig. I. Peak response during the first eyde of rIL-21a-IFN. Ratio of peak values compared to pretreatment values 
(mean ± SEM, n = 3) 

NK-cell function before and after rIL-2/a -IFN. The 
response ofNK-eell funetion ofthe CRl-patients 
during the first treatment eyele as assessed by in 
vitro eytotoxicity ehromium release assay at var
ious effeetor:target eell ratios is shown in Figure 
2 (Daudi) and Figure 3 (KS62). 
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Discussion 

PhI +/BCR-ABL+ ALL is virtually ineurable by 
conventional ehemotherapy. A few reports on 
allografts in patients with Phl+/BCR-ABL+ 
ALL leukemia suggest that alloBMT may results 

Ort 28 

Fig.2. Mean % lysis. DAUDI. In vitro eytotoxieity during rIL-21a-IFN treatment in eRI patients (n = 3) 
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Fig.3. Mean % lysis: KS62. In vitro cytotoxicicty during rIL-21a-IFN treatment in eRl patients (n = 3) 

in about 30-35 percent long-term disease free 
survival [1,7,13,25]. Less results are published 
on autologous BMT [8,13,25]. We studied a 
combination of ABMT with posttransplant 
maintenance therapy with rIL-2/a-IFN in these 
patients. The rationale to use rIL-2 is based on 
the accumulating experience with IL-2 treat
ment in AML patients [3,5,15] and ALL-patients 
after ABMT [5,10,24,30]. The rationale to use 
a-IFN is based on its effect to increase the 
expression of surface MHC-dass I antigens and 
the synergism with IL-2 mediated LAK activity. 
In addition, there are some reports on mainte
nance therapy with a-IFN alone in patients with 
Ph+ ALL [14,16,26,27]. Three of the four 
patients were autograf ted in CR1 immediately 
subsequent to consolidation chemotherapy with 
high dose AraC/mitoxantrone [17] and showed a 
remarkable delay in postransplant hematopoiet
ic recovery [22]. Lymphocyte counts and subsets 
induding NK-cells were also found to remain 
subnormal for a many months. Due to the pro
longed cytopenia, the treatment with rIL-2/a
IFN was started about 3-4 months 
posttransplant, later than initially scheduled. 
This timing is possibly not optimal, since 
immunotherapy might be more effective early 
posttransplant when the possible burden of 
residualleukemic cells might be minimal. 
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The posttransplant therapy with rIL-2/a-IFN 
was feasible in these patients, but in our experi
ence less well tolerated than in non-transplanted 
AML-patients b]. Two of the 4 patients stopped 
the treatment after the first cyde. They might 
have been convinced to continue if the side 
effects were balanced by a proven clinical bene
fit and not only by a hypothetical benefit as in 
the setting of this study. 

The therapy with rIL-2 and a-IFN stimulated 
the subnormal counts of immunocompetent 
cells. Lymphocytes and T -cell subsets were 
increased by a factor of 2-3, and NK-cells and 
NK-cell activity by a factor of 5-7, respectively. 
Two of three patients autograf ted in first CR and 
receiving posttransplant rIL-2/a-IFN remain in 
first CR on d+482 and d+51O. However, at pre
sent it is not possible to assess the impact of rIL-
2/a-IFN on the dinical outcome of these 
patients. Further studies are needed to evaluate 
an posttransplant antileukemic effect of rIL-2 
and a-IFN in high risk ALL patients 
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Conditioning Regirnens tor Bone Marrow and Peripheral Blood Stern Cell 
Transplantation 

Angelo M. Carella 

Introduction 

Patients with acute leukemias or CML still have 
a poor prognosis when treated with standard 
dose chemotherapy alone. In view of this situa
tion, myeloablative chemotherapy with bone 
marrow transplantation (BMT) or, more recent
ly, autologous peripheral blood stern ceH trans
plantation (ASCT), has become more and more 
an established methodology in the treatment of 
hematological neoplasias as weH as some solid 
tumor types [Sheridan 1992, Brugger 1993). 

The preparatory chemotherapeutic regimen 
administered prior to marrow or stern ceH trans
plantation is of crucial importance with regard 
to treatment outcome. It is intended to effective
Iy eradicate the malignant ceH clones and, espe
ciaHy in aHogeneic BMT, to immunosuppress 
the host to allow for rapid engraftment. 

Over the past decade, a variety of pretrans
plant myeloablative and immunosuppressive 
regimens have been developed, each associated 
with a different spectrum of side effects and 
remission rates. 

In a "Meet the Professor" session at the inter
national symposium "Acute Leukemias V", 
Angelo M. CareHa summarized the Genoa expe
rience on conditioning regimens for bone 
marrow and peripheral blood stern ceH trans
plantation. 

Pretransplant Regimens in Acute 
Leukemias with TBI 

Early conditioning regimens before bone mar
row transplantation usuaHy involved a combi
nation of cyclophosphamide and total body 
irradiation. However, these protocols failed to 
be effective in eliminating aHleukemic cells and 
resulted in considerable risk for graft failure in 
aHogeneic BMT. Furthermore, a high incidence 
of side effects, e.g., pulmonary toxicity and 
infectious complications, was observed resulting 
in a 5-10% therapy-related mortality. The devel
opment of secondary cancer years after eure 
was significantly higher after treatment with 
TBI than after non-TBI-based regimens 
[Witherspoon 1989). A reduction in irradiation
associated toxicity was achieved by lung shield
ing as weH as by introduction of fractionated 
and hyperfractionated TB!. 

Attempts to increase the irradiation dose 
intensity resulted in a decreased relapse in ci
dence. 

In AML in first complete remission, patients 
given cyclophosphamide and 15.75 Gy of frac
tionated total body irradiation showed a redu
ced relapse rate compared to those receiving 
cyclophosphamide and 12 Gy TB!. However, due 
to a corresponding increase in toxicity and 
transplant-related mortality no real improve
ment in leukemia-free survival was obtained 
[Clift 1991). Advantages with regard to treatment 
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outcome were achieved with novel protocols. 
Combinations of high-dose etoposide and frac
tionated TBI [Blume 19871 or high-dose cytosine 
arabinoside and TBI [Coccia 19881led to reports 
of prolonged event-free survival. 

Most recent data [Aversa 19931 revealed that 
the addition of Thiotepa to hyperfractionated 
TBI and Cyclophosphamide improves results for 
T -CeU depleted BMT in patients with advanced 
Leukemia. 

Pretransplant Regimens withoutTBI: 
Busulfan + Cyclophosphamide 

Santos et al. introduced the first pretransplant 
regimen without TBI, which included busulfan 
and cyclophosphamide. For AML, the combina
tion ofbusulfan 4 mglkg/d oraUy for 4 days and 
cyclophosphamide 50 mg/kg/d intravenously for 
four days was reported to result in long-term 
event-free survival similar to that observed with 
TBI-based regimens [Santos 1989, Geller 19891. 
Similar efficacy but significantly lower toxicity 
was observed after application of busulfan as 
given above and cyclophosphamide for two days 
only [Tutschka 19891. These data led to compar
ison of TBI-based regimens versus busulfan and 
cyclophosphamide in several prospective ran
domized studies. Blaise et al. reported on treat
ment of 101 patients with AML in first remission 
with either busulfan and cyclophosphamide 
(BU-CY) or cyclophosphamide and TBI (CY
TBI). Two-year disease-free survival was signifi
cantly better in patients receiving TBI versus 
those given busulfan (p < 0.01) [Blaise 19921. On 
the other hand, Sayer et al. observed equivalent 
overall survival, disease-free survival, pul
monary complications and transplant-related 
mortality in 77 patients with AML in first remis
sion treated with either BU -CY or CY -TBI [Sayer 
19941. The same results were obtained by Biggs 
et al. in 115 patients with CML in chronic phase 
[Biggs 1992]. 

In Seattle, a total of 142 patients with hemato
logical neoplasias were prospectively random
ized to receive either cyclophosphamide and 
TBI or busulfan and cyclophosphamide 
[Buckner, 1994]. Patient characteristics and tox
icity are given in Table 1. 

69 patients received CY -TBI, 73 patients were 
treated with BU-CY. Patient groups were com
parable with regard to age, gender and pretreat
ment leukocyte count. The rate of acute graft 
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Table 1. Comparison of cyclophosphamide and total 
body irradiation (CY-TBI) versus busulfan and 
cyclophosphamide (BU-CY) in patients with hemato
logical malignancies 

Parameter CY-TBI BU-CY 

Patient Characteristics 

No. of patients 69 73 
Sex (m:f) 43:26 46:27 
Age (years) 
mean 37·1 38.6 
range 6-54 7-55 
standard deviation 10·3 10·3 

pretherapeutic WBC ( x 109/1) 

mean 168.4 148.8 
range 10-570 4-582 
standard deviation 140.6 131.6 

Acute GVHD grades 2-4 

daY20 31% 17% 
daY50 48% 34% 
Mortality 
total no. of deaths 14 15 

Causes of death 

chronic GVHD 
interstitial pneumonia 7 2 
bacterial infection 0 1 
fungal infection 2 6 
liver failure 2 0 
bronchiolitis obliterans 0 
respiratory failure/ ARDS 1 
pulmonary fibrosis 0 
leukemia 0 3 

WBC white blood cell count 
GVHD graft-versus-host disease 
ARDS acute respiratory distress syndrome 

versus host disease (grades 2-4) was slightly 
higher in the CY-TBI group, however, the mor
tality rate in both treatment arms was identical. 
Veno-occlusive disease was not observed, which 
may be due to prophylactic application of anti
coagulants. Overall survival, relapse rate and 
event-free survival were identical in both 
groups. 

In conclusion, the chemotherapeutic condi
tioning regimen without total body irradiation 
yielded results similar to the TBI-based protocol 
[Buckner,19941. 

Considerations in CML and High-Risk ALL 

In chronic myelogenous leukemia and high-risk 
acute lymphoblastic leukemia, conventional 
chemotherapy remains unsatisfactory with 



regard to relapse rate and long-term survival. 
Allogeneic bone marrow transplantation with
out T -ceIl depletion is the only therapeutic strat
egy with a curative intent in both dis orders. 
However, in the majority of cases, an HLA com
patible donor cannot be identified. 

The leukemic don es in CML and high-risk 
ALL are characterized by specific chromosomal 
aberrations suitable for cytogenetic or PCR 
analysis as given in Table 2. 

However, normal stem ceIls also persist in the 
bone marrow in any stage of the disease, as 
demonstrated both by in vitro and in vivo stud
ies [Singerl9801. 

In CML, Philadelphia chromosome negative 
(Ph -) progenitor cells survived better than 
Philadelphia chromosome positive (Ph +) ceIls, 
when marrow from patients was established in 
long-term cultures [Coulombel19831. In purified 
populations from CML patients, Ph - cells can 
be dearly identified [Goldman 19901. In theory, 
"normal" pluripotent hematopoietic stem ceIls 
are metabolically and mitoticaIly more quies
cent and less sensitive to chemotherapy than 
mature progenitor cells. Acute depopulation by 
chemotherapy generates messengers which 
stimulate the stem cells to repopulate the com
mitted and maturing compartments [Juttner 
19851. Recent data have demonstrated, that 
intensive chemotherapy and subsequent appli
cation of hematopoietic growth factors allows 
for a proliferative advantage of residual normal 
progenitor cells and an overshoot in peripheral 
blood [Carella 1991, Sessarego 1992, Carella 1992, 
1993,19941· 

Regarding these considerations, collection of 
normal pluripotent stem cells by leukapheresis 
from peripheral blood seems feasible in the 

early marrow reconstitution phase after intensive 
chemotherapy, even in hematologic neoplasias 
with bone marrow involvement. Subsequent 
myeloablative high-dose chemotherapy with 
peripheral blood stem cell support could allow 
an increase in dose intensity and drug efficacy. 

Autologous Peripheral Blood Stem Cell 
Transplantation 

Peripheral blood stem cell transplantation 
(ASCT) is a viable alternative to autologous 
BMT and offers various advantages induding 
more rapid hematological recovery after high
dose chemotherapy [Sheridan 1992, Brugger 
19931, autograft coIlection by leucapheresis with 
avoidance of general anesthesia and the chance 
of performing high-dose chemotherapy in 
patients with residual marrow disease, myelo
fibrosis or pelvic irradiation [Kessinger 1991, 
Carella 1991, Brugger 19941. 

Since the first dinical application in 1986 
[Körbling 19861, the technical principles ofhigh
dose chemotherapy with autologous stem cell 
support have largely been standardized. In gen
eral, intensive standard chemotherapy with sub
sequent application of hematopoietic growth 
factors and leucapheresis of peripheral progeni
tor cells is given. In a second step, myeloablative 
chemotherapy with stem cell retransfusion is 
possible. 

If this procedure is to be applied for CML and 
high-risk ALL, the chemotherapy protocols used 
for stem cell mobilization and high-dose thera
py have to be adapted for treatment of both dis
orders. 

Table 2. Chromosomal markers in adult CML and ALL suitable for PCS analysis 

chromosomal molecular DNAor Frequency 
type ofleukemia translocation target RNA 

CML 
Ph-positive t(9;22) (q34;ql1) ber-abl RNA 95% 
ALL 
precursor B-ALL t(9;22)( q34;ql1) ber-abl RNA 30-40% 

(80-85%) t(I;19)( q23;P13) E2A-PBX1 RNA 5-8% 
B-ALL (1-3%) t(8;14)( q24;q32) c-myc-S~ DNA 1% 
T-ALL (15-20%) tal deletion tal DNA 10-30% 

t(1;14)(P34;ql1) tal-TCRo DNA 1-3% 
t(1O;14)( q24;ql1) TCL3-TCRo DNA 1-3% 
t(11;14)(PI3;ql1) bcr-TCRo DNA 5-10% 
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Mobilizing Chemotherapy with Idarubicin, 
Cytarabine and Etoposide (lCE) 

Initial chemotherapy in CML and high-risk ALL 
should cover several aspects, Le., effective treat
ment of the underlying disease, induction of 
bone marrow hypoplasia and mobilization of 
sufficient numbers of peripheral blood progeni
tor cells for bone marrow reconstitution after 
subsequent high dose chemotherapy. 

Carella and colleagues have chosen a regimen 
combining the novel anthracycline idarubicin 
with etoposide and intermediate dose cytara
bine (lCE protocol, Table 3). 

It allows for mobilization of stern cells by 
chemotherapy with three effective, non-cross
resistant cytotoxic agents demonstrating antitu
mor activity in CML and ALL. 

Inclusion of the novel anthracycline idaru
bicin is based on a variety of preclinical and 
clinical advantages of this compound as com
pared to daunorubicin or doxorubicin: highly 
lipophilic behavior, oral bioavailability and pen
etration of the CNS. Due to its high lipophilicity, 
idarubicin and its active metabolite, idarubici
nol, show strong DNA-binding and intranuclear 
concentration [Plumbridge 1978, Capranico 
1987]. As compared to all other anthracyclines, 

idarubicin is less susceptible to P-glycoprotein
mediated drug transport (multidrug resistance) 
due to reduced cytoplasmic concentration of the 
compound [Berman 1992, Müller 1992, Gieseler 
1994]. In randomized comparative trials, idaru
bicin showed a higher rate of complete remis
sions than daunorubicin, with more patients 
achieving CR after a single course of treatment 
[Berman 1991, Wiernik 1991]. 

Overall, 93 patients with hematologic neo
plasias were treated with the ICE protocol for 
stern ceH mobilisation in Genoa, the disease 
entities included chronic myelogenous leukemia 
(n = 69, blastic phase: 35 patients, accelerated 
phase: 14 patients, chronic phase: 20 patients), 
acute lymphoblastic leukemia (n = 16), acute 
myelogenous leukemia (n = 4), Hodgkin's dis
ease (n = 2) and Non-Hodgkin's lymphoma 
(n = 2, t(14;18), BCL2-positive). Leucapheresis 
procedures were initiated at white blood ceH 
counts of 0.5 to 0.8 x 109/1 and were completed 
successfully in all cases. Nucleated cells coHect
ed varied between 1.1 and 7.6 x 108/kg body 
weight [CareHa 1992, 1993]. 

In CML, besides sufficiently allowing leuca
pheresis of peripheral blood progenitor cells, 
ICE chemotherapy effectively induced cytoge
netic remissions (Table 4). 

Ta~le 3. leE protocol as mobilizing chemotherapy followed by collection of 
penpheral blood progenitor cells 

ldarubicin 
Cytarabine 
Etoposide, VP16 

8 mg/m'/dx 5 
800 mg/m'/d x 5 
150 mg/m'/d x 3 

iv, bolus 
iv, 2h-infusion 
iv,2h-infusion 

days 1-5 
days 1-5 
daysl-3 

Ta~le 4. Therapy of CML with ICE intensive chemotherapy followed by collection of 
penpheral blood hematopoietic progenitor cells 

Patients 

Response Total Accelerated 
category Phase 

Complete cytogenetic remission, CCyR 16 41% 4 
Major cytogenetic remission, MCyR 7 18% 
Minor cytogenetic remission, mCyR 3 8% 3 
No cytogenetic remission, NCyR 13 33% 10 

total 39 18 
Previous IFNa treatment 34 18 

CCyR = disappearance of all Ph + metaphases 
MCyR = ;, 50% reduction in the proportion of Ph + metaphases 
mCyR = < 50% reduction in the proportion of Ph + metaphases 
NCyR = 100% Ph + metastases 
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22% 
6% 

17% 
55% 

Chronic 
Phase 

12 57% 
4 19% 
2 10% 
3 14% 

21 
17 



Thirty-nine patients were cytogenetically 
analysed for persistance of Ph + metaphases. 
Complete cytogenetic remission was achieved in 
16 patients (41%), major cytogenetic remission 
in 7 patients (18%). Patients in chronic phase 
demonstrated significantly higher remission 
rates than patients in accelerated phase. 
Leucapheresis was performed up to ten times in 
each patient (median 3 times). The majority of 
initialleucapheresis specimens were cytogeneti
cally Ph -, later specimens were increasingly 
positive for the Philadelphia chromosome. sev
eral patients showed Ph + specimens after an 
interval of 6 to 12 months only. 

Autologous Stern Cell Transplantation 
inCML 

Leucapheresis specimens collected after ICE 
mobilizing chemotherapy were used for periph
eral blood progenitor cell support after mye
loablative high-dose chemotherapy, if stern cell 
preparations were cytogenetically determined to 
be Philadelphia chromosome negative. 

As conditioning regimen before stern cell 
transplantation (SCT), patients with CML recei
ved either a combination of etoposide (VPI6), 
cyclophosphamideand total body irradiation, 
or, more recently, idarubicin, etoposide (VPI6) 
and TBI (IVT protocol, Table 5). 

Due to its steep dose-response curve and 
reduced cardiotoxicity, idarubicin appears to be 
the anthracycline of choice for high-dose chemo
therapyapproaches [Casazza 1979, Carella 1990]. 

In a pilot study, 14 patients with chronic 
myelogenous leukemia were treated with mye
loablative therapy and autologous Philadelphia 
chromosome negative blood progenitor cell 
transplantation. Ten patients were in chronic 
and 4 in accelerated phase, respectively. All 
patients showed Ph + marrow as determined by 
cytogenetical methods. Nine patients received 
etoposide, cyclophosphamide and TBI as condi
tioning regimen, 5 patients were treated accord
ing to the IVT protocol. The median interval 
between therapy and neutrophil recovery to 
more than 1 x 109/1 was 18 days (range 12-69 
days), the median time to platelet recovery to 
more than 25 x 109/l was 54 days (range 10-240 
days). Nine patients are alive and weIl, five 
patients are Philadelphia chromosome negative 
(at 4, 12, 16, 17 and 28 months after transplanta
tion). 5 patients died, two had been transplanted 

in chronic phase, three in accelerated phase. 
Causes of death were graft failure (3 cases) and 
blast crisis (2 cases). 

In view of these data, two prospectively ran
domized study at diagnosis or in early phase of 
CML were started in Genoa in collaboration with 
many worldwide teams, in order to evaluate the 
efficacy, toxicity and long-term outcome of 
autologous SCT in CML patients. The study flow 
chart is given in Figure 1 and 2, for high dose 
chemotherapy the IVT regimen will be used. 

Autologous Stern (eil Transplantation 
in High-Risk ALL 

In high risk ALL with defined chromosomal 
translocations or abnormalities, a similar ap
proach with mobilizing and myeloablative 
chemotherapy courses was chosen in Genoa. 

I Earfy chronic phase CML I 
~ ~ 

Young patients: Older patients 
< 40 yrs: related allogeneic BMT 

< 20 yrs: related or unrelated 
allogeneic BMT 

~ 
if not available 

~ 
Hydroxyurea 

White blood cell count" 20 x 10'n 

Mobilizing chemotherapy: 
ICE protocol + G-CSF 

j 

Peripheral blood progenitor cell collection by leucapheresis 

~ 
evaluation of cytogenetic response on 

progenitor cell preparations 

Interferon a, 5 MIU/m2/d, 8 months I 

~ ~ 
complete or major 

cytogenetic remission, 
Ph-cells " 50 % 

~ 

Continous Interferon a 

minor cr no 
cytogenetic remission, 

Ph-cells :> 50 % 

~ 
High-dose therapy and SCT 

with Ph-stem cells 

Fig. 1. Prospectively randomized study of autologous 
stern cell transplantation in chronic phase CML. ICE 
therapy for stern cell mobilisation, IVT chemotherapy 
as conditioning myeloablative regimen 

341 



Philadelphia chromosome positive 
untreated adult ALL 

Mobilizing chemoiherapy 
ICE protocol + G-CSF 

Peripheral blood progenitor oell collection by leucapheresis 

~ 
evaluation of cytogenetic response 

on progenitor cell preparations: Philadelphia chromosome 

negative 

~ 
positive 

~ 
determination of off study 

- mononuclear oell count< 108/kg 
- CFU-GM y 10"/kg 
- CD34+/Dr-<:ells x 10"/kg 
- PCR 

~ 
bone marrow back-up 

~ 
high-dose iherapy and infusion of 
Ph-neg peripheraJ blood progenitor 
cells (only of CFU-GM > 1 x 10"/kg) 

~ 
Randomization for maintenanoe therapy 

~ ~ 
Interferon <l3 MIUlm2 daily 

+ 
IL-2 1 MIU/m2 daily for 
5 days 10 be repeated 

7 weeks later 

no further treatment 

Fig. 2. Prospectively randomized study of autologous 
stern cell transplantation in untreated Philadelphia 
chromosome positive ALL. ICE therapy for stern cell 
mobilisation, IVT chemotherapy as conditioning mye
loablative regimen 

In a pilot study, 20 patients with acute lym
phoblastic leukemias were treated with idaru
bicin, cytarabine and etoposide (ICE protocol) 
for stern ceil mobilization. 

The median age of patients was 35 years 
(range 17-50 years), 13 were males and five 
females. Cytogenetic analysis revealed t(9;22) 
translocation in 10 cases, t(4;11) in 4 patients and 
t(8;14) as weH as t(4;8) in two patients each. 
IgH + gene re arrangements were seen in 2 
patients. Mobilization chemotherapy was per
formed in first and se co nd relapse in 9 and 6 
patients, respectively, the median duration of 
first complete remission was 8 months. One 
patient had been refractory to first line 
chemotherapy, two patients presented with 
newly diagnosed ALL. Peripheral blood progeni
tor ceH coHection was possible in all patients 
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Table 5. IVT protocol as myeloablative conditioning 
regimen for autologous stern cell transplantation in 
CML and high-risk ALL 

day treatment dose 

-11 Idarubicin 30 mg/m'/d, iv, 
3h-infusion 

7 VP16 800 mg/m'/d, iv 
6 VP16 800 mg/m'/d, iv 

- 2 TBI (single dose) 8.5 Gy 
(16-18 cGy/min) 

0 retransfusion Philadelphia chromosome 
negative peripheral 
blood progenitor cells 

+8 G-CSF 5 )lglkgld, until marrow 
reconstitution 

Table 6. Cytogenetic remission rates after high-dose 
chemotherapy and ASCT in patients with aeute lym
phoblastic leukemia 

Cytogenetic remissions 
Patients Cytogenetics 
n at relapse blood bone marrow 

10 t(9;22) 5/10 1/10 
4 t(4;11) 3/4 1/4 
2 t(8;14) 2/2 1/2 
2 t(4;8) 2/2 2/2 
2 19H+ 2/2 1/2 

studied. High-dose chemotherapy was per
formed subsequently. 

As in CML, the conditioning regimens for 
stern ceH transplantation (SCT) consisted of a 
combination of etoposide (VP16), cyclophos
phamide and total body irradiation, or, more 
recently, idarubicin, etoposide (VP16) and TBI 
(IVT protocol, Table 5). Feasibility and tolerabil
ity of this form of treatment were clearly 
demonstrated. 

Results with regard to cytogenetic remission 
rates in peripheral blood and bone marrow are 
given in Table 6. 

Conclusions 

Leukemic relapse and development of drug 
resistance remain significant factors limiting 
long-term survival in patients with CML and 
high-risk ALL. Increased dose intensity in mye
loablative chemotherapy with marrow reconsti
tution by means of peripheral blood progenitors 



or bone marrow cells might result in improved 
treatment efficacy. Against this background, the 
choice of induction therapy and high-dose 
chemotherapy protocols is of major importance. 

In Genoa, Carella and colleagues decided to 
treat patients with CML and high risk ALL with 
an anthracycline in combination with cytarabine 
and etoposide (lCE protocol). Idarubicin is a 
new anthracycline analogue that has shown less 
cardiotoxicity, advantageous pharmakokinetic 
properties and superior antileukemic effect as 
compared to other anthracyclines [Berman 1991, 
Wiernik 1991, Carella 1990]. 

Application of ICE chemotherapy allowed for 
sufficient collection of peripheral blood progeni
tor cells as well as high antineoplastic efficacy 
with tolerable, reversible side effects. For mye
loablative conditioning treatment, a combina
tion of idarubicin, etoposide and total body 
irradiation (lVT protocol) was applied. 
Excellent remission rates were achieved with 
good extrahematologic tolerance. Peripheral 
blood progenitor cell support led to rapid 
engraftment and reconstitution of bone marrow 
compartments. In conclusion, although the 
numbers of patients treated are small, the pre
liminary results of the Genoa pilot studies on 
combination chemotherapy protocols for CML 
and high-risk ALL are encouraging. As the data 
given above seem to indicate high effectiveness 
of early high-dose therapy and autologous stern 
cell transplantation in CML and high-risk AML, 
prospectively randomised studies on these treat
ment strategies have been designed and are cur
rently open for patient recruitment. 
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Influence of Different Conditioning Regimens on Stroma Precursors 

K. Momotjuk, L. Gerasimova, V. Savchenko, S. Kulikov, L. Mendeleeva, and L. Lubimova 

Introduction 

Bone marrow transplantation (BMT) has be
co me a widely acceptable treatment of various 
hematologic diseases, mostly leukemias. It is a 
well known fact that chemoradiotherapy applied 
before BMT sufficiently influence on hemato
poietic microenvironment that plays a decisive 
role in hemopoiesis in vivo. The outgrowth of 
hematopoietic precursors is supported by direct 
cellular contact between stromal (endotelial 
cells, reticular/fibroblasts, monocyte/macro
phages) and hematopoietic cells, and also by 
soluble factors, especially, GM-CSF, G-CSF, M
CSF, IL-3, IL-4 [1]. It may be questioned whether 
a relationship can be found between the in vitro 
outgrowth of hematopoietic precursor cells and 
different types of stromal cells. We estimated 
the influence of pre-BMT conditioning regimens 
on the growth characteristics of reticular 
cells/fibroblasts, assessed in as short-term bone 
marrow cultures, and of hematopoietic precur
sor cells, prior and after BMT . 

Patients and Methods 

20 patients transplanted for haemotological 
malignancies were studied from 1991 to 1993. 15 
received allografts, 2 syngeneic grafts and 3 
autografts. 15 patients were treated with 
Busulfan (BU) 4 mg/kg, days -7 to day - 4, and 
Cyclophosphamide (CPH) 60 mg/kg, days -3 
and - 2 (all cases CML, ALL and 5 AML) and 5 
with CPH 60 mg/kg, days - 7 and - 6 and frac-

tionated total body irradiation (FTBI) 2' x 2 Gy, 
days - 4 to - 2 (5 AML patients). All patients 
survived early post-BMT period, 5 have relapsed 
within 4 month after transplantation. 5 patients 
with AML and 1 with CML had graft-versus-host 
disease (GVHD) Methotrexate and Cyclosporin 
A were given as prophylaxis of acute GVHD to 
all patients with allogeneic BMT. All AML 
patients were treated with Daunorubicin and 
ARA-C during 10 months before BMT, ALL 
patients with Daunorubicin, Oncovin, Pred
nisone, ARA-C, Asparaginase, CPH, 6-mercap
top urine, Methotrexate during 20 months 
before BMT. Patients with CML were treated 
with BU during 15 months. 

CFU-F and CFU-GM from bone marrow were 
assayed before conditioning, on week 3, 4, 
month 3, 6, 9. CFU-GM were assayed by the 
method reported by Pice and Robinson[4]. For 
CFU -F assay bone marrow aspirates were layered 
over Ficol-Hypaque gradient and after following 
centrifugation mononuclear cells were cultured 
in triplicate in 35mm plastic petri dishes at con
centrations of 10' cells of medium, consisting of 
Alpha MEM supplemented with 5% fetal calf 
serum, 5% inactivated human serum AB (IV), 1% 
L-glutamine. Number of CFU-F and CFU-GM 
has been assessed in 10/5 myelocaryocytes. 

Results 

We did not divide patients according to the type 
of BMT. The dividement of the patients was per
formed according to the conditioning regimen 
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and type of leukemia. We used the bone marrow 
from 20 healthy donors for our assay in order to 
investigate the normal level of CFU-F. It was 
21,3 + /- 3,5. 

The dynamics of CFU-F number in AML 
patients, treated with CHP and BU is shown in 
Fig. 1. There were no significant differences in 
initial level of CFU-F in this group 
(16,8+/- 2,8). The number of CFU-F decreased 
up to the 3rd week after BMT and did not rise 
during the whole time of observation (up to 6 
month). In the group of AML patients treated 

30,00 

20,00 

CFU-F 

10,00 

with CHP and FTBI (Fig. 2) initial level of CFU-F 
was 6,7+/-4,7. The level of CFU-F decreased 
criticaHy at the 3rd week after BMT and state 
constantly during 3 months. In 2 cases (patient 1 
and 2) CFU-F number increased at 6th month 
and contained 4-fold ceH number compared to 
the initial level. 

The group of ALL patients (Fig. 3), treated 
with CPH and BU (initial level 5,1 +/- 2,7) was 
the most heterogenous as regards early response 
to conditioning regimen. But there was a com
mon trend of the CFU-F number reduction and 

9 
after BMT moath moatb month 

Fig.l. Dynamics of CFU-F number in AML patients treated with CHP and BU 

CFU-F 

after BMT .... Fig.2. Dynamics of CFU-F number in AML 
patients treated with CPH and TBI 



their level was critically decreased to the 6th 
month after BMT. The initial level of CFU-F in 
CML patients (Fig.4) was 4,9+1-2,7. CFU-F 
number ranged from 44% to 150% of initial level 
up to the 4th week after BMT. Alterations 
became maximum (CFU-F level 0, 0,9) at the 3rd 
month. The level increased up to 26% and 58% 
of initial one at the 6th month. At the end of the 
first year after BMT the level of fibroblast pre
cursors was identical to the initial in 3 cases. 
There was no significant correlation between the 
number of CFU-F and CFU-GM in sampies 
taken at the 3rd and the 4th month after trans
plantation (Fig. 5A,B). 

Fig.3. Dynamics of CFU-F numbers in 
ALL patients treated with CHP and BU 

Fig.4. Dynamics of CFU-F numbers in 
CML patients treated with CHP and BU 

CFU-F 

Discussion 

The bone marrow is composed of two types of 
cells, that is, the hematopoietic and the stromal 
cells [1]. In case of leukemia the proliferation 
and differentiation of myeloid precursors and 
their interactions with stromal cells are signifi
cantly disturbed [6]. AML is characterised by 
nearly normal level of fibroblastic precursors at 
the moment of initial diagnostics and in remis
sion, but not early after the cytostatic treatment, 
when their numher is significantly decreased [5]. 

In our study the initial level of CFU-F in 2 
groups of AML patients was different and was 

6 
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Fig.5. Diagram showing the CFU-F outgrowth versus CFU-GV at different time after BMT CA - 3 months, B - 6 
months) 

not taken into account during the choice of 
BMT conditioning regimen. According to our 
data both conditioning regimens altered the 
fibroblastic precursors. The time of fibroblasts 
recovery after CPH + FTBI regimen correlated 
with that after the irradiation only [3]. The alter
ing effect of Bu was more prolonged and the 
time of our observation (6 months) does not 
allow us to make any conclusions about the time 
of recovery. 

In ALL patients the reduced fibroblastic 
colony formation was shown [5]. One case ofthe 
high level of CFU-F observed in this study can 
be explained by more cellularity ofbone marrow 
sampies obtained during harvesting. This group 
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is the most heterogeneous in reaction to 
Busulfan containing regimen. But in all cases the 
reduction of CFU-F level was registered up to 9 
month after BMT that may be due to the post
poned influence of Bu. 

The patients with AL, treated with autograft
ing were also included in our study because the 
stromal compartment of hematopoiesis is not 
transplantable in humans and the host origin of 
the bone marrow fibroblasts is proved in all 
cases of allografts [10]. 

In the cases of untreated CML, the number of 
fibroblastic precursors was increased. All inves
tigated patients recieved Busulfan before BMT, 
and showed the decreased level of CFU-F [7, 8]. 



The reduced CFU-F level up to the 6th month 
after BMT might be due to the conditioning reg
imen, which included BU. The recovery of the 
CFU-F number to initial level at the 1st year. 
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Introduction 

Second complete remISSIon (eR) can be 
achieved in more than 50% of relapsing patients 
with acute myelogenous (AML) and lym
phoblastic leukemia (ALL); however, in spite of 
this relatively favourable eR rate, only a scant 
proportion of these patients experience long
term disease-free survival [1,2]. Various strate
gies have been designed in order to improve the 
above figure. Allogeneic (BMT) and autologous 
bone marrow transplantation (ABMT) appear to 
be therapeutic choices which could offer a sig
nificant advantage in terms of event free sur
vival (EFS) [3,4]. 

Information concerning BMT and ABMT in 
relapsing acute leukemias are mainly derived 
from observational studies, but comparisons 
with historical control groups are less difficult 
than in first eR series. This is because relapsing 
patients make up a rather homogeneous group 
characterized by an almost invariably negative 
outcome, which makes it unlikely that neglected 
prognostic factors may playa confounding role 
[1,5,6]. 

So me authors argue that relapsing disease is 
the most appropriate condition for BMT since 
its ability to prolong EFS after first eR is not 
such as to offer an advantage clearly outweigh
ing the risk of transplant-related mortality [7]. 
On the other hand, the question should be 
raised as to whether the policy of performing 
BMT in this more advanced disease phase might 
not lead to a further increase in toxicity and a 
consequent reduction in the number of eligible 

patients [8]. For patients relapsing after BMT 
performed in first eR, a second myeloablative 
treatment followed by BMT has been investigat
ed with encouraging results [9]. 

The results of most investigators show that 
AB MT can allow a substantial proportion of 
relapsing acute leukemia patients to achieve 
long-term EFS and, in this setting, ABMT com
pares favourably with BMT [10]. According to 
the majority of studies, the best figures can be 
achieved in AML rather than in ALL (although 
many series collect cases of both diseases) and, 
generally, no differences in outcome according 
to the site of relapse have been reported [11,12]. 
Most of the series are small, as weil as being het
erogeneous by diagnosis (either AML or ALL), 
disease phase (either first relapse or second 
remission) and previous treatment. However, 
since the expected long-term EFS after conven
tional chemotherapy is very low, the improved 
outcome of patients receiving ABMT can be par
tially attributed to ABMT itself. 

There is still considerable debate about the 
best way of performing ABMT. No conclusive 
evidence has yet been found regarding the most 
effective conditioning regimen [3,4,7,13,14]. The 
timing of bone marrow (BM) harvesting is 
another matter of controversy, since some 
authors favour the collection of BM in all 
patients achieving first eR [15] but, in other tri
als, second eR BM has been harvested [3,4]: in 
the former case the matter is made more 
intriguing by the question as to which is of the 
best phase of the chemotherapy regimen for BM 
collection. In the latter case, the possibility of 
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achieving good quality second CR is uncertain, 
particularly in ALL where a substantial aliquot 
of residualleukemie ceils can be documented in 
the majority of cases [2,16]. "Ex vivo" bone mar
row purging can overcome this problem, but 
only at the expense of an increased risk of graft 
failure [17,18]. A further matter of disagreement 
concerns the best disease phase for submitting 
relapsing patients to ABMT. Although the 
reported results are generally rather scant, they 
seem to be better for patients in second CR than 
for those in early relapse; however, adopting the 
former poliey leads to the exclusion of a sub
stantial proportion of patients failing to achieve 
second CR, some of whom may have been cured 
by early AB MT [15]. Therefore, any comparisons 
between these two groups of patients should be 
made very cautiously, since the better results 
obtained in second CR patients is counterbal
anced by the higher number of enrollments if 
ABMT is performed so on after relapse. On the 
other hand, the latter choice obviously requires 
BM pre-harvesting in all patients after the 
achievement of first CR. 

The present study refers to a single
Institution series of acute leukemia patients 
(both AML and ALL), who underwent autolo
gous BMT with unpurged bone marrow harvest
ed during second or subsequent CR. 

Materials and Methods 

Over the last ten years, 25 patients with AML [8] 
and ALL [17] in second [19] or subsequent CR 
[6], have undergone ABMT in our Institution. 
Their essential characteristies are summarized 
in Tables 1, 2. 

All of the AML patients were in second CR 
after hematologieal [7] or meningeal [1] relapse. 
The median interval between the last CR and 
AB MT was 6 months (range 1-21). The ALL 
patients were in second [11] or third CR [6], 
after hematologieal [9], hematologieal and CNS 
[1], and isolated CNS relapse [7]. The median 

Table 1. Characteristics of 25 AL patients receiving 
ABMT 

Sex (M/F) 17/8 

Median age 
Adults 
Children 

20 years 
16 

9 

(range 10-53) 
(5 AML, 11 ALL) 
(3 AML, 6 ALL) 

Table 2. Disease status at ABMT 

2ndCR 3rdCR 

Disease-phase 19 6 
(AML/ALL) (8/11) (0/6) 

CNS Bonemarrow 

Site of previous 
relapse 8 17 

(AML/ALL) (1/7) (7110 ) 

AML ALL 

Interval between 6 months 3 months 
last CR and ABMT (range 1-21 (range 1-6 

months) months) 

interval between the last CR and ABMT was 3 
months (range 1-6). 

The patients had been referred to our Center 
by a number of different hematological Divi
sions in whieh they had been treated by various 
second line regimens. 

In all but one patient, autologous BM had 
been harvested during the same disease-phase 
as that in whieh the autografting was performed. 
CR and relapse were defined according to con
ventional criteria, and the persistence of CR was 
assessed by means of BM aspiration and biopsy 
before both BM harvesting and ABMT. 

The BM was collected, processed and cryo
preserved according to routine techniques; with 
the only exception of one AML M3 female pat
ient, whose second CR bone marrow was purged 
with maphosphamide, no "ex vivo" purging 
procedure was performed . 

The conditioning regimen included Ara-C 
3g1m2112 h on Days - 9 and - 8; CTX 60 
mg/kg/day on Days - 6 and - 5; and TBI at a 
total dosage of 10 Gy, fractionated in 3 equal 
doses over Days - 3, - 2 and -1 (dose rate, 5 
cGy/min). 

The patients were treated in a laminar air 
flow room; antimierobial prophylaxis and thera
py, parenteral nutrition and transfusional sup
port with irradiated blood products were given 
according to conventional criteria. Peripheral 
neutrophil and platelet levels of respectively 
> 500/mm3 and > 50000/mm3 on two consecu
tive days without transfusions were selected as 
markers of successful engraftment. Toxicity was 
graded according to the WHO scoring system. 

Survival was calculated from the day on which 
the ABMT was performed, and relapses and 
toxic deaths were selected as events. DFS and 
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event-free survival (EFS) curves were calculated 
according to the life-table method and compared 
by means of the Lee-Desu logrank test. 

Results 

The median number of infused nucleated cells 
and CFU-GM were respectively 2.35 x 108/kg 
(0.75-9.4) and 10.8 x 104/kg (0.9-55.2). 

Almost all of the patients experienced grade 2 
or more nausea, vomiting and oropharyngeal 
mucositis; the frequency of diarrhea was the 
same, but was generally milder. No other signifi
cant forms of extra-hematologic toxicity were 
recorded; there was no case of hepatic venooc
clusive disease. Persisting fever exceeding 38°, 
and requiring empirical antibiotic therapy 
occurred in 24 patients. 

One AML patient died of lung hemorrhage 
before engraftment in the absence of any 
leukemic signs. One AML patient achieved 
peripheral neutrophil recovery but still needed 
periodic platelet transfusions six months after 
ABMT. Successful engraftment was demonstr
able in the other 23 patients, median times to 
neutrophil and platelet recovery being respec
tively 22 (13-55) and 45 days (22- > 180). Clinical 
observation was interrupted on 31/12/1993, when 
the median follow-up for censored patients was 
44 months in AML (range 6-122) and 61 months 
in ALL (range 18-90). Two AML patients had 
relapsed 3 and 26 months after ABMT; eleven 
ALL patients had relapsed a median of 6 months 
after ABMT (range 3-48). Seven of these ALL 
patients had received ABMT in second, and 4 in 
third CR; 3 after isolated CNS relapse (2 hemato
logical relapses 6 and 48 months after ABMT, 
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and 1 meningeal relapse 15 months after ABMT), 
1 after combined bone marrow and CNS relapse, 
and 7 after hematological relapse. None of the 
relapsing patients achieved a further remission. 
Five AML patients (including the one with pre
vious CNS relapse) and 6 ALL patients (4 with 
previous CNS relapse) were still alive and leu
kemia-free. Clinical outcome is summarized in 
Table 3. 

The median EFS for ALL patients was 11 

months, while it had not been reached for the 
AML patients; the corresponding 5-year EFS 
chances were 32.9% and 60% respectively 
(Fig. 1, 2). 

The median EFS of 10 ALL patients undergo
ing autografting after hematological relapse was 
7 months, with a 5-year EFS chance of 20% 
(Fig. 3). If the 8 patients (7 ALL and 1 AML) who 
received ABMT after isolated CNS relapse are 
considered separately, median EFS had not been 
reached, and the 5-year EFS chance was 56.25% 
(Fig.4). 

Table 3. Present disease status 

AML Median 44 mo. (range 6-122) 
ALL Median 61 mo. (range 18-90) 

Follow-up CCR Relapse Early death 

AML 5 2 1 
ALL (all) 6 11 0 
ALL/BM 

relapse 2 8 0 
CNS relapse 3 0 
(1AML, 

7 ALL) 
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Discussion 

The present study concerns a small but not neg
ligeable single-Institution series. The patients 
were homogeneous in many respects, including 
age (mostly adult), disease phase (all were in 
eR) and conditioning regimen; furthermore, 
they had received unpurged BM harvested in 
second or subsequent eR. On the other hand, 
they were heterogeneous and unselected in 

\ 
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Months 

terms of diagnosis, previous chemotherapy 
(both induction and reinduction) and the time 
interval between the last eR and ABMT. 

At first glance, the long-term EFS in AML is 
very encouraging, since it compares favourably 
with the best se ries ofboth AB MT and BMT per
formed in second eR [11,19]. There is no ques
tion that the present figure is superior to those 
reported in patients undergoing autograf
ting in early relapse [3>4,15]; nevertheless any 
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comparison is made difficult by the obvious 
selection bias of our series, which only repre
sents a sampie of AML patients achieving sec
ond CR in the referral centers, who account for 
an undetermined proportion of all relapsing 
patients. The present study can therefore pro
vide no conclusive evidence concerning this spe
cific issue. 

On the other hand, long-term EFS in relaps
ing AML is a rather anecdotal event after con
ventional chemotherapy [1,6]. In spite of a high 
CR rate and a favourable median EFS, we were 
unable to find any long-term EFS ca se in a pre
vious experience collecting relapsing AML 
patients who underwent an aggressive chemo
therapeutic protocol including intensive post
CR therapy [20]. In terms of survival after 
ABMT, the observed advantage can be attrib
uted to ABMT itself, although to an undeter
mined extent. The present study cannot help to 
solve the question about the real effectiveness of 
"ex vivo" purging. 

Consequently, only qualitative conclusions 
can be drawn from the above results: good qual
ity second CR can be achieved in AML after sec
ond line chemotherapy and "ex vivo" purging is 
not necessarily required. Furthermore, an agg
ressive conditioning regimen proved to be active 
in succesfully managing residual disease. 

Quite different considerations come from an 
analysis of the data relating to ALL patients. The 
overall result cannot be regarded as satisfactory 
but, at the same time, it is no worse than that 
generally reported in the literature [21,22]. 
However, after a longer follow-up, we can con
firm the results of a previous report suggesting a 
distinction between patients undergoing auto
grafting after isolated meningeal relapse and the 
others [23]. 

Since the former group achieved a high rate 
of EFS, it can be speculated that an aggressive 
conditioning regimen including HD-Ara-C and 
TBI may play an ideal role in the management of 
residual extramedullary (primarily CNS) dis
ease, which is characterized by its unfavourable 
location rather than by a huge mass [24]. The 
significance of the results is considerably 
increased when comparison is made with the 
very poor life expectancy of such ALL patients 
after conventional chemotherapy [25,26]. 
Isolated CNS relapse can therefore be proposed 
as a clearcut indication for autologous BMT 
provided that the "in vivo" purging effect of pre
vious chemotherapy was successful in restrict-
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ing failure to the CNS. The low rate of further 
CNS relapses in these patients provides addi
tional evidence for the satisfactory activity of 
autologous BMT in this disease phase. 

Although the comparison is made more diffi
cult by the lack of distinction between the sites 
of relapse in many reports [16,21,22], our dis
couraging results in terms of EFS after hemato
logical relapse are no worse than those reported 
in the literature, although the comparison is 
made more difficult by the lack of distinction 
between the sites of relapse in many reports 
[16,21,22]. The persistence of a high degree of 
residual disease in many ALL patients after the 
achievement of CR has been clearly demonstrat
ed, and this is even more true after second or 
subsequent CR [16]. It can be speculated that 
this may simply rellect the greater availability of 
tests to identify residual disease in ALL in com
parison with AML [2,10]. On the other hand, 
since the relationship between the amount of 
residual disease and the outcome of autologous 
BMT has been suggested [16], the limited effec
tiveness of conditioning regimens in managing 
poor quality CR can be indicated as the more 
obvious explanation for most of these failures. 
The possibility of inducing leukemic relapse 
through the infusion of pre-harvested bone 
marrow should not be overlooked. However, 
against this possibility, there is the limited effec
tiveness of "ex vivo" purging in reducing the 
relapse rate in ALL [n,27-29] and, furthemore, 
"ex vivo" purging in such an advanced disease 
phase can be expected to lead to the delayed 
engraftment of autologous bone marrow [18]. In 
conclusion, relapsing ALL cannot be indicated 
as a clearcut indication for ABMT. 
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Autologous VS. Unrelated Donor Bone Marrow Transplantation 
tor Acute Lymphoblastic Leukemia: Considerations and Logistics 

Daniel Weisdorf 

Introduction 

Acute lymphoblastie leukemia frequently res
ponds to conventional remission induction and 
maintenance therapy and leads to extended 
leukemia-free survival for the majority of chil
dren and a fraction of adults. However, high risk 
groups (e.g., those with extreme leukocytosis, 
PhI positive, mature B-ceIl, older age) and those 
following a first relapse will surely develop 
recurrent leukemia and resultant shortened sur
vival. Though matched sibling allogeneie bone 
marrow transplantation (BMT) can lead to 
extended disease control and prolonged survival 
for 30-50% of patients [1-5), those lacking a his
tocompatible related donor must seek other 
options. 

Autologous BMT offers the advantage of 
rapid applieability for those in remission and 
relatively low transplant-associated morbidity. 
Unfortunately, it is often followed by leukemia 
relapse and only 20-40% of patients have been 
reported to enjoy extended leukemia-free sur
vival after autotransplantation [7-15). 

As another alternative, closely matched unre
lated donor marrow transplantation has also 
been tested [16). Unrelated donor (URD) BMT 
involves electronic searching of one of several 
international databases of volunteer donors, 
subsequent retrieval of blood sampIes from 
those donors for further histocompatibility test
ing and, finaIly, medical evaluation of the 
donor's fitness and willingness to donate mar
row. This evaluation process can be time-con
suming, costly and identifies a donor for only 

30-50% of patients requmng transplantation. 
Additionally, URD BMT can be clinieally compli
cated by increased risks of graft failure, graft-ver
sus-host disease and secondary infection [16-17). 
Conversely, the greater histoincompatibility 
between donor and recipient may enhance graft
versus-leukemia activity and thereby lower the 
risks of post-transplant relapse. The exaggerated 
morbidity and mortality accompanying URD 
transplantation may thus be counterbalanced by 
better protection against recurrent leukemia. 

Timing ofTransplantation 

Autologous transplantation involves the aspira
tion and harvesting of sufficient numbers of 
benign hematopoietie progenitor and stern ceIls, 
possible ex vivo purging to deplete residual 
leukemia cells and then cryopreservation. After 
pretransplant anti-leukemia conditioning the 
cryopreserved marrow is reinfused. The clinieal 
prerequisites for autologous marrow harvesting 
include a sufficiently cellular bone marrow in 
morphologie complete remission at a time when 
the patient's general physical condition is satis
factory to allow the anesthesia and harvest 
before initiation of the transplant course. How
ever, recurrent acute lymphoblastie leukemia, 
especially if the relapse occurred following an 
intensive multi-drug consolidation and mainte
nance regimen is often multiply drug-resistant 
and durable complete remission may be hard to 
achieve. Such transient remissions or those 
accompanied by a hypocellular marrow can 
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delay or prevent the successful completion of a 
marrow harvest. Often, in an attempt to allow 
marrow cellularity to increase and thus facilitate 
the harvest, anti-leukemie treatment is suspend
ed. This strategy may leave patients at greater 
risk for early relapse before harvest and auto
transplantation can be effected. 

Unrelated donor marrow transplantation also 
presents logistieal obstacles to the transplant, 
but most involve the identification of a suitable 
allogeneie donor. Even with the available multi
national volunteer donor registries whieh 
include well over one million potential donors 
and with instantaneous electronic communiea
tion, the co ordination of donor tissue type 
searching, donor contact and recall for addition
al histocompatibility testing can generate sub
stantial delays. 

Recognizing the high risks of leukemia 
relapse after autotransplantation and the delays 
inherent in searching for and identifying an 
unrelated donor, at the University of Minnesota 
Bone Marrow Transplantation Program we have 
established a dual option search strategy for 
BMT candidates with ALL. We allow only four 
months from the timeof referral for identifica
tion of an unrelated donor. After four months, if 
no URD donor is identified, then patients in 
remission proceed promptIy to autologous 
transplantation. 

Exercising this policy, we evaluated 75 con
secutive referrals of potential BMT candidates 
with ALL. Of these, 32 had related donors, thus 
had no search initiated. Eventually 10 proceeded 
to related sibling donor BMT. Forty-three others 
had no related donor and for 37 an unrelated 
donor search was initiated. The search was dis
continued early for 20 of these patients because 
of persisting relapse or patient death, alternative 
therapy arranged at another institution or lack 
of third-party coverage for the costs of the URD 
search. For the others, the search process identi
fied an unrelated donor for 17 patients after a 
median of 14 weeks (range 10-30 weeks) follow
ing initial referral. An additional 11 weeks medi
an (range 6-16 weeks) were required from the 
time the donor was identified until transplant 
totaling 26 weeks median (range 17-42 weeks) 
between initial referral and eventual URD mar
row transplantation. Six patients for whom an 
unrelated donor was identified did not proceed 
to transplantation because of either patient 
relapse or death while the search process was 
underway. 

Within this time interval, of the 33 patients 
who had no search or had no URD identified, 13 
received autotransplantation at the University of 
Minnesota. However, because of both the time 
required to achieve complete remission and to 
perform the (eventually unsuccessful) unrelated 
donor search, these 13 autotransplants took 
place at a median of 25 weeks following initial 
referral (range 6-42 weeks). 

Therefore, these three transplant options 
(autologous, allogeneie related or unrelated 
donor) were effected at different times. For this 
group of 75 referred patients, 34 received a 
transplant. Ten underwent allogeneie related 
donor BMT at a median of 9 weeks following 
referral (range 4-28 weeks) while 11 URD trans
plants took place at a median of 26 weeks fol
lowing referral and 13 autotransplants after a 
median of 25 weeks. While this search poliey 
allows for consideration of both unrelated allo
geneic and autologous transplantation, several 
criteria must be met for it to be of practieal 
value for patients with ALL. 1) The unrelated 
donor search should be initiated while the 
patient is receiving remission induction therapy. 
2) Third party payer approval of coverage for 
search and transplant costs need be prompt. 3) 
A suitable and consenting unrelated donor must 
be identified for a substantial number of the 
patients searched. Acceleration of the search 
process will certainly be required before greater 
numbers of patients with ALL can be treated 
with URD allogeneie transplantation. 

Comparison of Unrelated Donor Versus 
Autologous Transplantation 

Because of these time delays in donor searching 
and the availability of donors for only a fraction 
of patients, the comparison of clinieal outcomes 
following unrelated donor vs. autologous trans
plantation is neither simple nor straightforward. 
Comparative clinieal analysis must involve 
assessment of patient demographies (age, gen
der and gender match with the donor, histocom
patibility with the donor and CMV serostatus). 
Additionally, critical leukemia characteristies 
include complete remission number, immu
nophenotype, karyotype, diagnostie leukocyte 
count, duration of first complete remission, 
extramedullary leukemia involvement and time 
from remission to transplant. Importantly, loss 
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of potential BMT candidates because of persist
ing relapse (unresponsive leukemia) or compli
cations of remission induction may differ in the 
brief interval before autotransplantation versus 
the longer interval required to find an unrelated 
donor. Appropriate comparison must consider 
this time bias and the differentialloss of patients 
while plans for autotransplantation or unrelated 
donor searching are underway. Conventional 
statistical comparison of survival time, event
free survival and time to leukemia relapse after 
either autologous or unrelated donor transplan
tation may seriously under-estimate the pre
transplant selection bias inherent in any 
comparative series of these two transplant tech
niques. 

Analytical Considerations 

While reported experience with unrelated donor 
marrow transplantation for ALL is still limited, 
the above problems ought to be addressed in 
future reports. Matched case control analyses 
may allow valid comparisons, perhaps using 
data from large multi-center registries to add
ress the problems cited above. Additionally, sci
entific reports should cite the number of 
patients referred for possible transplantation 
because the selection bias may be unequal with 
different forms of transplantation. One tech
nique to aid standardization of data presenta
tion could include reporting the duration of 
initial complete remission (for those transplant
ed in second complete remission) but, in addi
tion reporting the time from remission until 
transplantation - the period in which differen
tial relapse and removal from either transplant 
cohort may skew the composition of each group. 

Summary 

While the above considerations emphasize the 
difficulties in comparative analysis of unrelated 
donor vs. autologous marrow transplantation 
for patients with ALL, they also highlight issues 
which can allow interpretive commentary on the 
results of any given transplant series. The litera
ture of marrow transplantation has most often 
assumed that the patients' risk period begins at 
day zero, the day of transplantation. For assess
ment of these alternative transplant techniques 
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with their inherent delays and complexities pre
ceding transplantation, it must be acknowledged 
that the patients' period of risk begins weH 
before transplantation. Careful interpretation of 
post-transplant results should recognize these 
pretransplant hazards accordingly. 
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Introduction 

As a result of steady improvements in chemo
therapy over the past 20 years, more than 70% 
of children with acute lymphoblastic leukemia 
(ALL) are cured with intensive induction regi
mens followed by maintenance therapy [1]. 
However, there is still a 30% therapeutic failure 
rate manifesting as disease recurrence, generally 
bone marrow relapses, early in the treatment 
period. In this context, several centers have 
reported the safety and efficacy of allogeneic or 
autologous bone marrow transplantation (BMT) 
or chemotherapy alone. The better results have 
been reported in patients who had BMT from a 
matched sibling donor as compared to those 
who did not have a matched sibling donor and 
received chemotherapy alone [2, 3, 4]. There 
have been few controlled studies comparing 
results of autologous and allogeneic BMT in 
similar patients by using the same preparative 
regimen [5,6,7,8]. 

We now report data from a French prospec
tive controlled survey comparing the results of 
autologous (ABMT) and allogeneic BMT (allo
BMT) in similar patients with ALL in second 
complete remission (CR2) after marrow relapse. 

Methods and Patients 

The study began in January 1990 and continued 
through October 1993. 134 children entered on 
RALL-90 protocol were reinduced with 4 or 5 

courses of Vincristine, increasing doses of 
Methotrexate and L-Asparaginase Erwinia 
(Capizzi protocol). Bone marrow aspiration was 
performed on days 15 and 29 to determine 
remission status. Patients failing reinduction 
were offered different rescue chemotherapies. 
Children in remission were given an intensive 
consolidation (Table 1). Children who under
went AB MT were treated with 2 or 3 courses of 
continuation therapy, bone marrow being har
vested after the 2nd course. Allo-BMT was 
scheduled after the intensification phase for an 
children who had either an HLA-compatible sib
ling, a matched unrelated donor (MUD) or a 
mismatched family donor. 

This study was designed to compare the rela
tive value of ABMT and aIlo-BMT with HLA
identical sibling donors and not to compare 
those groups of patients with transplantation 
from MUD or from mismatched family donors. 
Therefore, for children with marrow relapse 
before 18 months of first complete remission 
(CR1) the choice between an ABMT and trans
plantations using other than genotypically HLA
identical sibling was made by the individual 
participating institutions. 134 children (86 males 
and 39 females) between 9 months and 20 years 
of age (median: 7.8 years) entered the RALL-90 
protocol. The majority had received primary 
therapy according to the current front-line 
FRALLE protocols (FRALLE 83-87-89) which 
included multiagent chemotherapy and CNS 
prophylaxis with high-dose Methotrexate, 
intrathecal medications and sometimes cranial 
irradiation in addition. Initial marrow relapse 
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Table 1. Treatment pro gram (RALL-90) 

REINDUCTION THERAPY 

dl-8-IS-22 
(29) 

VlncristJne : 1.5 mg/m2 I. V. - Weekly x 4-5 (maximum dose: 2.0 mg) 
L-Asparaginase (ErwinJa) : 40 000 U/m2 I. V. or I.M. (maximum dose: 40 000 U) 
Methotrexate: I. V. - weekly x 4-5 
d2: 80 mg/m2 d16: 160 mg/m2 

d9: 120 mg/ml d23 (d30): 200 mg/m2 

INTENSIFlCATION 

dlt 4 utoPOSide : 100 mg/rif /d x 8 1 o Daunorubiclne: 10 mg/m 2Jd x 8 ContinuollS I. V. 
and 2 

dU to 14 Cytarabine: 100 mg/m /d x 8 
Dexamethasone: 20 mg/m2/dI.V. 

CONTINUATION THERAPY 

ditoS ... 
ditoS ... 

d I and 8 ----
dl .... 
dl 

Dexamethasone : 20 mg/rrl-/d 
6-Thloguanine: 100 mg/m2/d p.o. 
Vindesine : 3 mg/m 2 LV. 
Cyclophosphamide: 0.6 g/m 2 LV. 
Methotrexate: 1 g/m 2 ContinlJolIS I. V. 36 h 

IT CHEMOPROPHYLAXIS 

Given on days land 15 (induction), 
days 1 and 8 (intensification) and 
during each course of continuation therapy 

1}ethotrexate 
Hydrocortisone 
Cytarabine 

(isolated: 96 ; combined: 38 {testieular or CNS}) 
occured either while receiving chemotherapy 
(before 24 months : 76 ; after 24 months : 36) or 
after chemotherapy had been discontinued (22 
patients). 

Sustained complete remission was achieved 
in 98 out of 128 evaluable (76.5%) patients. Early 
toxic deaths occured in 3 (2.3%) patients. 27 
patients (21%) failing induction were then 
offered rescue reinduction and 22 achieved CR2. 
Six patients were taken off the study due to an 
unacceptable toxicity. The second remission 
rate after one or two reinduction protocol(s) 
was 89.5% (120/128). Among those 120 patients, 
50 were given an ABMT, 36 an allo-BMT. More
over, 34 patients were not eligible for BMT for 
different reasons: relapses occuring after initial 
chemotherapy was stopped [n], very early 2nd 
relapse [14], others [4]. 5 children are waiting for 
a transplantation. 

The characteristies of transplanted patients 
are summarized on Table 2. 

Only 7 out of 50 children with AB MT had 
marrow treated in vitro and 27 were given 
recombinant interleukin 2 (IL2) after transplan
tation [9]. The median interval between AB MT 
and IL2 was 60 days (33-98). A continuous infu
sion of 12 millions U/m'/day of IL2 (Roussel
U elaf) was administered over a first cyele of 5 
days and then for 4 cyeles of 2 days given every 2 
weeks. No toxie death was recorded and a11 toxi
cities reversed on stopping IL2 infusion. 16 out 
of 27 patients (60%) received 100% of the 
planned dose. 

35 patients in the allo-BMT group were given 
marrow either from HLA-genoidentical siblings 
(21 patients - 1 twin) (allo-id-BMT) of from 
MUD (9 patients) or from family mismatched 
donors (6 ps). One infant received hemopoietic 
stern cell transplant using HLA-matched sibling 
umbilieal cord blood cells. 

Graft-versus-host disease (GVHD) prophy
laxis for allo-id BMT consisted of Cyelosporine 
(CyA) and Methotrexate (MTX) (16 patients) or 



Table 2. Characteristics of the patients 

TRANSPLANT GROUP P 
VALUE CHARACTERlsncs 

ALLOGENEIC 1 AUTOLOGOUS 
(N = 21) (N = 50) 

Male 14 33 
SEXE 0.9 

Female 7 17 

:s; 10 yrs 16 «) 

AGE 0.90 
> 10 yrs 5 10 

LENGHT 2 
:s;18 8 12 

OFCRl >18 10 29 0.48 
(montha) 

Off therapy 3 3 9 

WBCAT <50 14 «) 

DIAGNOSIS 0.18 

(x 10 9J1) öt50 7 8 

IMMUNE Teell 3 6 
PHENOTYPE 1 
(%) Pre Beeil 17 34 

EXTRA- No 14 32 
MEOULLARY 0.83 
OISEASE Yes 7 18 

MARROW :s; 40 % (blast cells) 11 33 
STATUS AT d15 0.53 
(InductIon) >40% 4 6 

CR24 POST Yes 16 40 
1.t INOUCTION 
(%) No 5 10 

0,9 

13 
0.63 

CYTARABINE 24 
OOSAGE5 --------------------------------

28 

(phn2) <24 6 17 

1 : HLA geno-Idenllcal BMT 4 : CR2 : 2nd complele remission 
2: CR1 : 1st complele remission 5: In condilloning reglmen 
3 : Off Iherapy relapses: > 6 monlhs aller cessatlon of Iherapy 

CyA(4 patients). It included CyA + MTX (6 pati
ents), CyA + ATG (1 patient), CyA (1 patient) and 
in vitro T-cell depletion (anti CD7 plus anti CD2 
monoclonal antibodies plus complement) (7 
patients) for other children. 

To prevent graft-failure, these latter received 
in addition, two monoclonal antibodies specific 
for the CD11a and CD2 infused from daY-1 to 
+11 post BMT [10]. 

All patients received the same preparative 
regimen (T AM) as follows: fractionated TB! 
(200 cGy twice a day for 6 doses: 1 200 cGy) (48 

out of 50 ABMT and 30 out of 36 allo-BMT) or 
single dose of TB! (1 000 cGy) (ABMT: 2; allo
BMT: 2) followed by cytarabine at a dose of 
3gm/m' twice daily for 6 or 8 doses (18 to 24 
gm/rn') for children less than 12 years old and 
for 4 doses (12 gm/rn') for children more than 12 
years old. Preparation for patients less than 4 
years old consisted of: AMBT (2 patients): 
Busulfan (Bu) 20 mg/kg, Etoposide 40 mg/kg, 
Cyclophosphamide (CPM) 120 mg/kg or Bu 16 
mg/kg, Cytarabine 12 g/m" Melphalan 140 
mg/rn' (BAM); allo-id-BMT (6 patients): Bu 16 



mg/kg, CPM 200 mg/kg (3 patients); BAM (2 

patients) or Bu 16 mg/kg, Etoposide 720 mg/rn', 
CPM 120 mg/kg (I patient). 

Statistical methods. Statistical evaluation of out
come after BMT was performed by actuariallife
table analysis according to the Kaplan-Meier 
method. Log-rank tests were used for compari-

100 ....-

75 

I 

son of subgroups. The Cox regression model 
was used for risk factor multivariate analysis. 

Results 

Disease free survival and relapses. All patients engraft -
ed as shown by increasing peripheral cell counts. 
Table 3 summarized the results according to the 

MT Relapse auto-B 

I , EFS ~ allo-BMT geno-i d : 21 pts 

p, = 0.04 p- 0.04 

I EFS auto-BMT : 50 pt 

50 

s 

25 
I no-id Relapse allo-ge 

o 
o 6 12 18 24 30 36 42 48 

monlhs after BMT 

Fig.l. Kaplan-Meier estimation of EFS and relapse after autologous and allogeneic BMT for childhood ALL in 
CR2RALL90 

Table 3. Transplant results 

ID..AMM 

N° OF PATIENTS 6 

Ac:ote2: 11 3 
GVHD 

ChronI< 2 

RELAPSE RATE 3/6 
(% ",SE) Med: 4 mo (2 - 27) 

ALLOGENEIC 
AUTOLOGOUS 

MUD ID..AId 

9 21 so 

6 60% NA 

2/4 2S% NA 

2/9 
4-16mo 

Med: 7.Smo(2- 17) Med: Smo(3· 12) 

Marrow 3 

27.S",II.S ~61.3±7.7 
------------------I_~ ~ p=O.04 -

4 24 

M+CNS 

M + Lympb nodn 

M + modIaslinum 

TRANSPLANT 
RELATED DEATHS 

DFS (% ± SE) (3 yn) 

Median (ruge) 
(montho) 

o 

o 

o 

1/6 
CGVHD 

2/6 

22 
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type of transplantation. Among the patients who 
received an AB MT the estimated chance 
(mean ± SE) of surviving without disease for 3 
years was: 36.5 ± 7.3% (median: 26 months 
(7-50)). Among patients who received allo-id
BMT the chance was 63.9 ± 1l.8% (median: 27 
months (2-48))(P = 0.04). The estimated 
chances of relapse at 3 years were 61.3 ± 7.?'Yo 
(median: 7.8 months (2-17)) in patients with 
AB MT and 27.8 ± 11.8% (median: 8 months 
(3-12)) in those with allo-id-BMT (p = 0.04). 

The most common site of relapse was bone 
marrow alone: 24, or combined with the CNS: 1, 
or mediastinum: 1, or lymph node: 1 for ABMT 
group. For allo-id-BMT group, relapses were 
only in marrow. No CNS relapse occured in 
patients who had CNS disease before BMT. 

Among the 9 patients who received a trans
plantation from a matched-unrelated donor, 2 
relapsed 4 and 16 months after BMT, 5 died of 
non-Ieukemic causes (acute GVHD: 3, infection: 
1 and BLPD: 1) and 2 are in sustained CR2 8 and 
10 months post BMT. Among the 6 ps who 
received a transplantation from a mismatched 
family donor, 3 relapsed 2, 9 and 27 months post 
BMT, 1 died from transplant related toxicity 
(chronic GVHD) and 2 are in CR2 22 months 
after BMT. 

Transplantation related mortality and morbidity. The 
overall incidence of acute GVHD was 7S% 
(grade ~ 11: 60%). Chronic GVHD occured in 
25% of evaluable patients (aIlo-id-BMT). 2 out of 
21 (acute GVHD: 1; veno-occlusive disease: 1) 
patients with allo-id-BMT (9.5%) and 3 out of 50 
with AB MT (6%) died from transplant-related 
toxicity (leucoencephalopathy: 1; infection: 1 and 
cardiac failure: 1). 

Inf!uence of prognostic factors on DFS and relapse rate. 
Table 4 shows the pre and post BMT factors 
examined for their infiuence on remission dura
tion and leukemic mortality. 

None of potential prognostic factors was 
found to be significant by Cox regression analy
sis whatever the type of transplant. It has to be 
mentioned that in the ABMT group neither the 
duration of CR1 nor the white blood cell count 
(WBC) at diagnosis had any significance. 
However, there is a trend towards a shorter 
relapse-free survival for patients with T 
immunephenotype or who failed to attain CR2 
with the first reinduction chemotherapy. 

Table 4. Factors tested in multivariant analysis 

• White blood cell count at diagnosis 
« 50000 vs )0 50000) 

• Cytogenetic analysis at diagnosis (structural 
abnormalities vs normal) 

• Immunophenotype at diagnosis 
(T lineage vs pre B) 

• Patientage 
• Patient sex 
• Mediastinum (yes vs no) 
• Marrow aspirate at dIS (reinduction) ( < 40% blast 

cells vs )0 40%) 
• Length of CRI ( < 18 months vs > 18 months) 
• Extramedullary disease pretransplant 
• Achieved CR2 after one vs two courses 
• Cytarabine dosage in preparative regimen 

(24 g/m' vs < 24 g/m') 
• AcuteGVHD 
• Chronic GVHD 
• Post ABMT Interleukin 2 (yes vs no) 

Discussion 

Although it has been possible to achieve a sec
ond complete remission in 80-90% of patients 
who relapse in marrow while receiving chemo
therapy [11, 12, 13, 14], most studies have report
ed that the majority of children eventually 
succumbed to the leukemia. If more intensive 
front-line therapies combined with CNS radia
tion therapy [11] could increase the survival rate 
remains to be determined. The most significant 
negative prognostic factors of outcome being 
length of CR1 less than 18 months, T-ALL and 
high white-cell count at diagnosis. A more 
favorable prognosis seems evident in children 
who develop a marrow relapse more than 6 
months after cessation of therapy. However, in a 
recent POG study, the 4-year DFS was no more 
than 37% [15] without a stable plateau in the 
curves of DFS [11]. Currently, BMT from 
matched sibling donors is the best way to eradi
cate residualleukemic ceIls and is the treatment 
of choice for children with ALL in CR2 particu
larly for those who relapse in the marrow earlier 
than 6 months after discontinuation of therapy, 
or have T -cell disease, or very early 
( < 18 months) isolated extramedullary failures 
(Table 5) [16, 17, 18, 19, 20, 21]. Overall, the DFS 
rate for children transplanted in CR2 ranges 
from 52 to 64% with a relapse rate of 13 to 26% 
and a non-Ieukemic death rate of 16 to 23%. 
However, 75 to 85% of patients do not have an 
HLA-matched sibling. Attemps to expand the 



Table 5. Allogeneic bone marrow transplantation in childhood ALL - Literature review 

Center 
No Status BMT "LA DFS(%) Relapse %BMT 

Negative 
Autbor prognastie 
Ref 

Palients atBMT regimen Status (S yrs) rate(%) mortality 
raetors 

SFGM i CR2 25.9±5.8 
2 61.8 CR3 (DFS + RR) 

Bordigoni P 106 CR3 TAM Geno-id 
±5 

Med: 12 mo 16 00 CGVHD (RR) 
[19-20) Relapse (3 - 32) 

Bordigoni P 
CR2 51.2 ±7.9 CRl duratioD (DFS) « 18 mol 

58 CR3 CPM+TBI Geno-id 28.2 
Med: 9mo 17.2 

WBC> 50 ()()(}'mm (RR) 
[19-20] ±8.1 AGVHD .. 2 (DFS) 

Relapse (4 - 18) DO CGVHD (RR) 

SEATTLE 
Sanders JE [17] 57 CR2 CPM+TBI Geno-id 40 42 28 Any 

MSKCC 
31 CR2 Geno-id 64 13 

Brochstein JA 
12 CR3 FfBI +CPM Geno-id 42 25 22 CR3-4 

[16] 
16 CR4 + relapse Geno-id 23 64 

BFM CPM+TBI 
Dopfer R [18) 51 CR2 

TBI + VP16 
Geno-id 52 NA NA Any 

OMAYA FfBI 52 
Gordon BG [19) 30 CR2-3 

+ Ara-C 
Geno-id 

Med: 99 mo 18 36 NA 

WISCONSIN Ara-C+CPM 
CRI (10) 

+FfBl 44±7 
Casper J [23) 54 CR2 (19) 

±Bu 
MUD Med: 16mo NA 35 >CR2 

>CR2 (25) 
T Cell Depletion (CR2: 58) 

1: Sociele Fra~aise de greffe de moelle 1: TAM =TBI + Ara-C(l2-24 glm~ + Melphalan (140 mg/m~ 

applicability of allogeneic BMT, including the 
use of matched unrelated or family mismatched 
donors have met with mixed results [22,23]. The 
use of AB MT allows the application of therapy 
of comparable intensity to a larger number of 
patients (Table 6) [24,25,26,27,28] . The rate of 
DFS clustered between 12 to 25% for children 
undergoing BMT in second or subsequent 
remissions. The most common cause of failure 
was relapse which occured in 60 to 80% of 
patients. The non-Ieukemic death rate ranged 
from 10 to 18% of patients. The most significant 
predictors of relapse were: duration of CRI [24], 
white blood cell count at diagnosis [26], pre
transplantation burden of leukemic progenitor 
cells [27] and expression of CD3 surface antigen 
[26]. One re cent report [24] (Table 6) showed 
very good results of AB MT for children in CR2 
but after a 1st remission of at least 24 months. 

In our study, 75% of children could be admit
ted to the BMT pro gram. They were given the 
same reinduction chemotherapy and the same 
preparative regimen (TAM). No major differ
ences in patients characteristics between the two 
groups were seen (Table 2). Early BMT related 
mortality was the same (ABMT: 6%; allo-id-

BMT: 9.5%) and was remarkably low for such a 
high-risk group of patients. The probability of 
relapse for patients receiving AB MT was signifi
cantly higher than in the group that underwent 
allo-id-BMT. As a result, DFS at 3 years after 
BMT was significantly better for these latter. As 
reported by Billett et al [24], none of 11 patients 
who achieved remission-inversion after ABMT 
has had a sub se quent relapse. Our results com
pare favorably with other reports of ABMT for 
childhood ALL after relapse, particularly for 
patients with CRI lasting less than 18 months. 
We considered two possible features of our 
cytoreductive regimen to be of potential impor
tance. The first is the additional chemotherapy 
given to maintain pre-BMT remission, which 
may produce a more complete eradication of 
residual leukemic progenitor cells. The second 
feature is the kind of preparative regimen, as 
demonstrated in a similar group of children 
receiving allo-BMT after either TAM regimen or 
the more conventional CPM and TBI regimen. 
Statistical analysis revealed that the former 
yielded better results in regard to DFS and 
relapse rate, particularly in patients whose CRI 
lasted less than 18 months [20, 21]. Indeed, the 



Table 6. Autologous bone marrow transplantation in childhood ALL - Literature review 

Center 
Status 

teiiiül Marrow BMT Relapse %BMT 
NepiIY. 

Aulhor No olCRt DFS (%) Pl'OllIOItlc 
Re( Pallenu atBMT (JMd) p1IJlIInI ......... n rate (%) mortaBty r .. lon 

SFGM CRllength 
BamchelA. 64.8 

41 CRl 26 mo V .. TAM 23.3 01 5.5 yrs med:8mo 12.1 (± 18mo) 
[28) DFS= 

DFCl 
>24mo VM26 + CPM S3±1 39 Celldose 

BilleuAL SI CRl-3 38 mo V .. + Ara-C (18 r/m1) Med: 39 Med:8mo 9.8 ~ 108 

[24) (24- 84) + ITBI (14 Gy) (9- 124) (2 - 29) CR1 duralion < 48 mo 

MlNNESOTA (adults + chlldren) 
16±8 74 

UckunFM 19 CRI (5) NA V ... 
CPMorAra-C al 2.5 yrs Med:72d 15.7 CD3 expression 

(26) T-ALL CR2-3 (14) +TBI Med : 0.8 ± 0.3 yrs (31- 1284) 

CRI duration < 18 mo 

ISmo 
Ara-C+ sTBI 12 83 al2 yrs WBC> SO OOOlmm3 

UckunFM CRI (11) V .. VPl6 + CPM + .tBI med:40mo Med: l06d 18 Leukemic 
[21) 83 CR2-3 (72) (1- 61) CPM+ hITBI (11 - 54) (21d-2Smo) progenilors cello hefore purge 

Table 7. Comparison of autologous and allogeneic bone marrow transplantation for childhood ALL 

Center 
No Status BMT Relapse 

Negative 
Autbor DFS(%) %BMT Follow-up 

prognostic 
Patients atBMT reglmen rate(%) mortality median 

Rer raetors 

AIEOP 
Uderzo C [5] 

autoBMf 35 
CRI (12) 

49.9 47 8-4 
CR2-3 Purge 

VCR+ITBI 24 mo NA 

AlloBMf 30 
CRI (4) +CPM 

56.5 30 17 
CR2-3-Rel 

BARCELONA 
Ortega JJ [6J 

auloBMf 32 CR2 Purge 28 69 5 22 mo NA 
fTBI + CPM 

AlloBMf 19 CR2 ±Ara-C 44 40 18 30 mo 

MINNESOT A (adults + cblldren) 
Kersey J [7] 79 

45 
CRI (3) 

20 med:3mo 4 autoBMf CR2-3-4 Purge ----E3-8- 48 mo 
CPM+ITBI NoGVHD(RR) 

CRI (9) 
AlloBMf 46 

CR2-3-4 
27 

JENA 
Zintl F(8) 

autoBMf 15 
CRI (6) CPM+TBI 43 
CR2-3 Purge (2.5 yrs) 

AlloBMf 15 
CRI (2) 

CPM+TBI 
58 

CR2 (5 yrs) 

primary reason for the recurrence of leukemia 
seems to be inefficient pretransplant radio
chemotherapy rather than inefficient purging of 
autografts (26). 

Our results are somewhat different from 
those recently (Table 7) reported in four con-

366 

56 WBC> 50000 26 
med: 9mo Extramedullary disease 

54 66 NA NA 

28 13 NA CRI <24mo 

trolled studies [5,6,7,8). Indeed, in the study of 
the University of Minnesota (7), overall survival 
did not differ between the 2 groups, but the 
causes of failure are different. In the ABMT 
group, 79% of patients relapsed, in the allo-BMT 
group 56% relapsed and 26% died of transplant-



related toxicity. In the Italian study, the results 
of allo-BMT are slightly but not signifieantly 
better than those of ABMT, the higher relapse 
rate observed in the latter group being compen
sated by the lower fatal toxicity. In the Spanish 
study, the disease free survival rates are similar 
but there was a signifieant differenee in the 
relapse rate (46% vs 70% in allo-BMT vs 
ABMT). Direet eomparisons between these stud
ies and ours are diffieult beeause the initial and 
reinduetion ehemotherapy programs are not 
known but probably different, moreover 
patients in CRI are not included in our study. In 
total, we suppose our different results are essen
tially due to the lower relapse rate and to the 
deerease in ineidenee of deaths from toxicity in 
our allogeneie transplantation group. The lower 
relapse rate after BMT during the more reeent 
years may be attributed to improvements of 
reinduetion ehemotherapy and better preven
tion of relapses after introduetion of the T AM 
regimen, the inereased experienee with this 
treatment modality leading to a decrease of the 
transplantation-related toxicity. 

We eonclude that for this group of patients 
the results of ABMT are signifieantly worse than 
those of allo-id-BMT. Nevertheless, AB MT is a 
good alternative either to eontinuation ehemo
therapy or to allo-BMT using other sourees of 
marrow, including partially HLA-matehed fami
ly members or matehed unrelated donors, for 
patients with pre-B ALL who relapse more than 
12 months after front-line treatment, or who 
enter CR2 after the first reinduetion ehemother
apy. In this good-risk group, long-Iasting CR2 
and may be eure of the disease, ean be aehieved 
in about 40-45% of patients. 
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Introduction 

The goal of treatment of acute myeloblastic 
leukemia (AML) in children is cure. Treatment 
results in AML have considerably improved 
during the last decade [5]. Remission induction 
therapy has become increasingly successful, and 
approximately 70 to 80% of children achieved 
complete remission (CR). However, despite con
solidation, intensification and maintenance the
rapy, relapses have become, at least for a certain 
group of children, the limiting factor in the 
efforts to increase the event -free-survival rate. 

Bone marrow transplantation from HLA 
identical sibling donors is a therapeutic option 
with promising results [2,3]. Allogeneic BMT is 
associated with a substantial treatment-related 
toxicity and only approximately 30% of all 
patients have a fully matched donor. Autologous 
BMT offers a way for a myeloablative therapy 
without the complications of allografting. 

We report the results of a single institution 
study in which we compare allogeneic and 
autologous BMT in children with AML in first 
remission. 

Patients and Methods 

From November 1982 to February 1994 thirty
five out of 43 children with acute myeloblastic 
leukemia were transplanted in first remission. 
The diagnosis of the de novo AML was based on 
criteria of the French-American-British (FAB) 
co operation group [4]. All patients given a diag
nosis of AML received induction, consolidation 

and maintenance therapy according to the 
AML-l [81] or AML-2 [87] protocol [5]. Fourteen 
children who had HLA-identical and MLC-nega
tive sibling donors received allogeneic marrow 
transplants, twenty-one without a matched sib
ling donor received autologous unpurged mar
row. Among the children who underwent 
transplantation during first remission, the medi
an time from diagnosis to transplantation was 8 
months (range, 3 to 14 months), for the allogene
ic group, and 9 months (range, 5-18 months) for 
the autologous group. Marrow harvesting was 
performed just before transplantation. 

Cytoreduction for BMT was similar for 
patients transplanted allogeneic or autologous 
(Table 1). 

Bone marrow harvesting and processing were 
described elsewhere [6]. All patients were 
nursed in laminar air flow rooms and received 
total decontamination. Trimethoprim sulfa
methoxazole therapy to prevent Pneumocystis 
carinii pneumonitis was given from day - 14 to 
day +180. Prophylaxis for graft-versus-host dis
ease (GVHD) consisted of MTX and pred
nisolone, since 1989 of cyclosporine A, MTX and 
prednisolone. As an equivalent for a missing 
GVLD the autografted children received post
transplant thioguanine and MTX for one year. 

Indications for BMT in first remission were 
initial white blood cells above 20000/J..lI, FAB 
subtype M 4 to M 7, time to remission longer 
than 70 days, and AML as a second malignancy. 
Only one patient did not meet this require
ments. 

Disease free survival was calcutated by the 
Kaplan-Meier plots [7]. 
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Table 1. Conditioning regimens 

Allogeneic BMT 
No. of patients 

Autologous BMT 
No. of patients 

Total body irradiation (1 x 10 Gy) 
and cyclophosphamide (2 x 60 mg/kg) 6 

Fractionated total body irradiation (6 x 2 Gy) 
and cyclophosphamide (2 x 60 mg/kg) 4 

Busulfan (4 x 4 mglkg and cyclophosphamide 
(4 x 50 mg/kg) 4 

Table 2. Results of BMT 

Allogeneic BMT Autologous BMT 

No. of patients 14 21 
Relapses 

afterBMT 2(14%) 5 (24%) 
CRafter BMT 5-11 months 2-15 months 
(median) (8 months) (7 months) 
BMT related 

deaths 3 (21 %) 
Survival 

afterBMT 1-6 months 
(median) (2 months) 
InCR 

afterBMT 9(64%) 16 (76 %) 
11-137 months 12-70 months 

(median) (65 months) (34 months) 
pCCRrate 0.64 (SD = 0.13) 0.75 (SD = 0.10) 

- ALLOGENEICBMT ·-AUTOLOGOUSBMT 

2 

19 

Results 

Allogeneic BMT 

Event free survival (EFS). Table 2 summarizes the 
results of transplantation according to the type 
ofBMT. 

Nine of 14 children remained alive at a medi
an follow-up for the surviving patients of 65 
months (range, 11 to 137 months). The estimated 
chance of surviving without disease for 10 years 
was 64 ± 13 % (Fig. 1). 

Engraftment. Leukocyte engraftment with an 
absolute leukocyte count ~ 1000//.11 occurred at 
a median of 18 days (range, 8 to 25 days). The 
last substitution of platelets was on day 31 
(range, 21 to 64 days). 

Fig. 1. Event free survival and incidence of relapse after allogeneic and autologous BMT of AML in 1st remission; 
allogeneic BMT: n = 14, 9 in CCR, 2 relapses; autologous BMT: n = 21, 16 in CCR, 5 relapses 
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BMT related mortality. Three patients died of trans
plantation-related complications including 
leukoencephalopathy [1], CMV-pneumonitis [1] 
and acute GVHD grade IV [1]. The median time 
to death was 2 months (range, 1 to 6 months) 
(Table 2). 

Relapses. Two children relapsed (bone marrow) 5 
and 11 months after allogeneie BMT (median 8 
months) (Table 2). The estimate of the chances 
of relapse in 10 years after transplantation was 
17 ± 11% (Fig. 1). 

Graft-versus-host-disease (GVHD). The overall inci
dence of acute GVHD (grade III or IV) was 14% 
(2/14 children). Chronie GVHD occurred in 6 
children (43%). In this small group no relapse 
could be observed. Two of 6 children without 
chronie GVHD had bone marrow relapses. 

Autologous BMT 

Event free survival. The overall survival rate for 21 
children after autologous transplantation was 
75 ± 10%. (16 of 21 patients. The median follow
up of the 16 children surviving in continuous 
complete remission was 34 months (range, 12 to 
70 months). 

Engraftment. An engraftment of leukocytes with a 
count;;, 1000/I1L occurred at a median of 16 days 
(range, 11 to 63 days). Platelets were substituted 
up to a median time of 41 days (range, 21 to 139 
days). 

BMT related mortality. None of 21 children died of 
transplantation-related complications. 

Relapses. Five of 21 children relapsed. The only 
site of relapse was bone marrow. The median 
time to relapse was 7 months (range, 2 to 15 
months) (Table 2). The estimate of the chances 
of relapse in the five years after transplantation 
was 25 ± 11 % (Fig. 1). 

Discussion 

In this report we gave an update of our results 
with allogeneie and autologous unpurged bone 
marrow transplantation in children with acute 
myeloblastic leukemia in first remission. Allo
gen eie and autologous bone marrow transplan
tation in AML in first remission is increasingly 

used as an option to improve the results oftreat
ment of AML in adults and in children. 
Allogeneic BMT in adult patients with AML in 
first CR provides a superior outcome when 
directly compared with the results of autologous 
BMT [19]. Although there is a general accep
tance for BMT in first CR for adults [8, 9] the 
indieation for BMT in first CR in children is 
controversial [1]. The German AML-BFM Study 
Group defined two risk groups for AML in 
childhood [1]. According to the results of the 
study AML-BFM-83 the risk group I had an EFS 
of > 80% and the risk group 11 an EFS of < 45%. 

For the low risk group neither autologous nor 
allogeneie BMT in first CR is recommended 
because of the low relapse rate. 

In our study we compared the results of allo
geneie and autologous BMT for 35 children. 
Children of both groups were qualified for BMT 
by initial leukocytes above 20000/111, FAB sub
type M 4 to M 7, delay of achieving a complete 
remission and AML as a second malignancy. The 
EFS for 14 children transplanted allogeneic is 
after more than 10 years 64 + 13%; for 21 children 
transplanted autologous after 6 years 75 + 10%. 
The relapse rate was higher in the autologous 
group (5121 = 25%) than in the allogeneie group 
(2/14=14%). No toxie death was observed in tlle 
autologous transplanted children. 3 of 14 alIo
grafted children died of BMT related complica
tions: Encephalopathy (1), acute GVHD IV (1), 
acute GVHD III witll CMV pneumonitis (1). 

After starting the autologous BMT pro gram 
using fractionated TBI and cyclophosphamide 
in two children we changed this regimens to 
busulfan and cyclophosphamide without an 
increasing relapse rate or toxie complications. 

In contrast to most other groups our autolo
gous transplanted children received for one year 
thioguanine daily and MTX once weekly as an 
equivalent for a theoretieally graft-versus-Ieu
kemia reaction in allograf ted patients. 

Our pretransplant intervals between diagno
sis and transplantation were median 8 and 9 
months. Gorin [14] described a better outcome 
of ALL patients transplanted in first CR after an 
interval of more than 7 months. Patients with 
relapses in the autografted group were trans
planted 7 months (range, 5-17), in the allograft
ed group 3 and 8 months after diagnoses. 

Current results show that 50-70% of young 
patients with AML who undergo allogeneie BMT 
experience prolonged DFS and may be cured [3, 
2,11,12,13]. 
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This study was designed to compare the effi
cacy of the autologous BMT with the more tradi
tional allogeneic BMT in children with AML in 
first eR with similar demographics and disease 
characteristics. 

Bone marrow transplantation, whether alIo
geneic or autologous, is a safe procedure in chil
dren with an acceptable risk for complications. 
Allo- and autografting are both effective at 
maintaining remission but there is a trend to
wards a higher relapse rate in the autologous 
group. Our results strongly support our strategy 
to transplant children with high risk AML in 
first remission as an effective alternative therapy. 
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Abstract. From January 1985 to June 1991, three 
hundred adults aged 15 to 60 years with de novo 
acute myeloblastic leukemia (AML) were treated 
in two clinical studies. Induction chemotherapy 
consisted of thioguanine, cytosine arabinoside, 
daunorubicin, vincristine, and prednison (T AD
VP). The protocols AML '85 (using a dose of 45 
mg/m2 daunorubicin) and AML '89 (intensified 
by two linked obligatory courses of TAD-VP 
with an increased dose of 60 mg/m2 daunoru
bicin) resulted in complete remission rates of 
54.2% and 58.3%, respectively. All patients 
achieving complete remission received three 
courses of consolidation. Patients below 40 
years with a HLA-identical sibling were offered 
bone marrow transplantation (BMT). Patients 
without HLA-identical sibling and those who 

refused transplantation were randomized to 
maintenance therapy given monthly for two 
years vs. three courses of intensification without 
any further antileukemic therapy vs. autologous 
BMT (ABMT) (age below 40 years). 

After a median follow-up of more than 4 
years in both studies, there is no advantage of 
maintenance therapy (n = 79) against intensifi
cation (n = 38) concerning to leukemia-free sur
vival (LFS) ( 0.23 vs. 0.27 ). The LFS of patients 
who received only postremission chemotherapy 
is 0.16 at 5 years in AML '85 (n = 91) and 0.34 at 3 
years in AML '89 (n=77) (P=0.046). Since the 
postremission chemotherapy was unchanged, 
the improvement of LFS might be due to a 
higher dose of daunorubicin or early intensi
fication by means of "double" induction. 
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Comparing the different postremission treat
ment regimens, there is a trend of better LFS in 
BMT (n = 12, 4-year LFS 0.75) (p = 0.07) but no 
difference between ABMT (n = 17, LFS 0.35) and 
chemotherapy (n = 35, LFS 0.20) (not signifi
cant). 

Introduction 

Since 1985 the East German Study Group (EGSG) 
initiated clinically controlled studies to improve 
long-term results and to estimate the efficiency 
of different types of postremission therapy after 
three courses for consolidation of the complete 
remission (eR) followed by allogeneic bone 
marrow transplantation (BMT) from HLA-iden
tical siblings or autologous BMT (AB MT) or 
by further three courses of consolidation with
out maintenance treatment or by maintenance 
treatment for 2 years, respectively. 

Patients and Methods 

Study population. Between January 1885 and 
December 1989, 181 consecutive adults (AML 
'85) and between January 1989 and June 1991, 153 
consecutive patients (AML '89) with newly diag
nosed untreated AML aged 15 to 60 years were 
registered in a multicenter prospective random
ized trial (Table 1). 

All patients achieving a complete remission 
after induction chemotherapy were treated with 
three courses of consolidation. Patients below 
40 years with a HLA-identical sibling were 
offered marrow transplantation. Patients with
out HLA-identical sibling and those who refused 
transplantation were randomized to mainte
nance therapy given monthly for two years vs. 
three courses of intensification without any fur
ther antileukemic therapy vs. ABMT (age below 
40 years). 

Treatment protocol. Induction chemotherapy con
sisted of T AD-VP in both protocols, in AML '85: 
1-3 courses of daunorubicin 45 mg/rn' i.v. days 
1-3, Ara-C 100 mg/m'/12h by Lv. bolus days 1-7, 
6-thioguanine 100 mg/m'/12h p.o. days 1-7, vin
cristine 2 mg day 1 and predniso(lo)ne 60 mg/rn' 
Lv. or. p.o. days 1-7; in AML '89: 2 obligatory 
courses of T AD-VP with increased dose of 
daunorubicin 60 mg/rn' Lv. days 1-3 and start of 
the second course on day 21 if there was evi
dence of a beginning recovery of hematopoiesis 
and no life-threatening infections. If no com
plete remission was reached a renewed remis
sion induction was started by means of 
cyclophosphamide 600 mg/rn' Lv. days 1+10, 
vincristine 2 mg Lv. days 1 +10, methotrexate 30 
mg/rn' i.v. days 2+5 and 6-mercaptopurine 60 
mg/rn' p.o. days 1-10 (COMM). Patients who 
failed to achieve a complete remission after 
TAD-VP and/or COMM were taken off study. 
All patients in complete remission were 

Table 1. Clinical Characteristics of patients enrolled on the studies 
AML ' 85 and AML ' 89 

Characteristic AML '85 AML '89 P Value 

No. of patients 181 153 
Median age, yr (range) 33 ( 15-60 ) 42 ( 15-60 ) <0.001 
Sex (M/F) 82/99 80/73 ns 
FAß (%) MI 25·7 14·5 <0.01 

M2 35·7 34·5 
M3 4.1 8·3 
M4 20·5 22.1 
M5 12·9 17.2 
M6 1.2 2.8 
M7 0·7 

MDS 1 secondary AML 10 8 
expired before or within 3 2 4 

days from start of therapy 
not evaluable 9 

No studied 168 132 

FAß = French-American-ßritish Co operative Group Morphology 
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assigned to three courses of consolidation with 
DA administered at lower dos es (daunorubicine 
45 mg/rn' Lv. days 1 + 2 and Ara-C 100 mg/m'/ 
12h Lv. days 1-5). The intervals between induc
tion and consolidation courses were kept as 
short as possible. Maintenance given monthly 
for two years consisted of rotating courses of 
MOM (methotrexate 7.5 mg/rn' p.o. days 1-5, 
vincristine 2 mg Lv. day 1, and 6-mercaptopurine 
60 mg/rn' p.o. days 1-5), COT (cyclophos
phamide 750 mg/rn' Lv. day 1, vincristine 2 mg 
Lv. day 1, and 6-thioguanine 50 mglm'/12h p.o. 
days 1-5) and DA. Patients randomized to inten
sification received further three courses of DA. 

Transplantation. Marrow transplantation was per
formed as soon as possible after consolidation. If 
the intervall between consolidation and trans
plantation was greater then five weeks mainte
nance therapy was started as relapse prophylaxis. 
For ABMT the marrow was harvested by multi
ple aspirations from the posterior iliac crest dur
ing the phase of beginning hematological 
reconstitution after third course of consolida
tion. The cell suspension was depleted of red 
blood cells and immediately frozen (7.5% DMSO) 
without any other manipulation. The frozen bags 
were stored in liquid nitrogen. Marrow trans
plantation followed conditioning with busulfan 
(total dose of 16 mg/kg was administered orally 
in four divided daily dos es over 4 days) and 
cyclophosphamide (60 mg/kg was given intra
venously on each of the next 2 days). As prophy
laxis for graft-versus-host disease recipients of 
allogeneic marrow received methotrexate, 
cyclosporine, and methylprednisolone. 

Response criteria. Complete remission was defined 
as 5% or less blasts in a normocellular bone 

Table 2. Results of induction therapy 

AML '85 
dinics treated 

marrow with normal peripheral and differential 
counts [1]. Patients failing induction therapy 
were categorized as partial remission (PR) if 
hematological improvement was achieved (6% 
to 25% marrow blasts); non responders (NR) 
were defined as persistence of a marrow 
leukemic infiltrate of more than 25% during 
induction chemotherapy; early death (ED) 
means that patients died while receiving induc
tion therapy including the aplastic phase before 
hematological reconstitution. 

Statistical methods. Actual differences were 
analysed for statistical significance by the chi
square method. Survival was ca1culated from 
date of diagnosis, leukemia free survival (LFS) 
was considered from the time of complete 
remission until relapse or death, and probability 
of relapse were assessed from date of complete 
remission to relapse. Patients who were lost to 
follow up or alive at time of analysis were cen
cored. The LFS, relapse and survival curves were 
obtained by Kaplan-Meier product limit 
method[ 2] and statistical test of significance 
were performed by log-rank test[3]. 

Results 

Induction therapy. The median age of patients in 
study AML '89 was higer than that in AML '85 
(p < 0.001), because until October 1987 patients 
above 40 years were enrolled on aseparate 
study. CR was achieved in 91 cases of 168 
patients (54.2%) in AML '85 (Table 2), 11 after 
one induction course, 46 after two courses and 
34 after three or more courses. In AML '89, the 
rate of CR was only a little improved and 77 of 
132 patients (58,3%) achieved remission. The 

AML '89 
dinics treated 

total ? 10 pts < 10 pts total ? 10 pts < 10 pts 

n 168 111 
CR[O/O] 54.2 61.3 
PR 11.3 8.1 
NR 15·5 15·3 
ED 19·0 15·3 

57 
40.4' 
17·5 
15·6 
26·3 

132 
58.3 
6.8 

13.6 
21.2 

106 

62.3 
7·5 

11.3 
18·9 

CR = complete remission, PR = partial remission, NR = non responder, ED = early death, pts = patients 
'chi-square test including CR, PR, NR, and ED p < 0.01, bp < 0.05 

26 
42.3b 

3.8 
23·1 
30.8 
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number of induction courses was significantly 
diminished compared to AML '85 (p < 0.001),28 
patients achieved CR after one course, 41 after 
two courses, and only 8 after three or more 
courses. The rate of ED did not increase by ilie 
intensification of the induction treatment. 

Participants of the studies who treated more 
than 10 patients reached a higher rate of CR 
compared to those who treated a smaller num
ber of patients: 61.3% versus 40.4% in AML85 
(p < 0.01); 62.3% versus 42.3 in AML' 89 
(p< 0.05) (Table 2). 

Postremission chemotherapy. In the study AML'85 
the LFS for patients who received maintenance 
treatment is 0.16 versus 0.22 for the group with
out maintenance but with three courses of 
additional consolidation (not significant differ
ent = ns) after a median follow up of 59 months. 
The protocol AML '89 (median follow up of 39 
months) has led to an improvement ofLFS both 
for patients who were assigned to maintenance 

(f) 

U. 
-l 0,8 

Ci 

and for those who received intensification by 
three additional courses of consolidation (0.34 
vs. 0,29, ns). Because there is no statistically dif
ferent outcome concerning to maintenance or 
additional consolidation in both studies (Fig. 1) 
we took together the postremission chemothera
py results of each study to compare both in 
regard to long-term survival. Thus, LFS in the 
AML '89 study was improved (p < 0.05) from 
0.16 at 5 years in the AML85 to 0.34 at 3 years in 
the AML '89 study (Fig. 2). 

Comparison of chemotherapy and bone marrow transplan
tation. Due to the exc1usion of relapsed patients 
before AB MT and BMT we used biometrics by 
"intention to treat" to compare (A)BMT with 
chemotherapy. There is a trend of better LFS in 
BMT (p = 0.07) but no difference between AB MT 
and chemotherapy (Fig. 3A). The Kaplan-Meier 
plot for relapses is complete conversely (Fig. 3B). 

Because of an unusual long period from the 
end of consolidation to further postremission 
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Fig. 2. Actuarial probability of LFS 
for patients ~ 60 years who entered 
complete remission and received 
postremission chemotherapy in study 
AML '85 er AML '89. All patients 
graf ted were censored at time of 
transplant 



treatment (only one BMT center available) only 
12 of 22 patients with a HLA-identical sibling 
were allografted (9 relapsed, 1 refused) and 17 of 
27 randomized patients were autograf ted (9 re
lapsed, 1 refused), we excluded in another bio
metric calculation all relapses within the 
chemotherapy group until the median of the 
period between eR and transplantation to com
pare the actually grafted with nongrafted 
patients (Fig. 4A,B). Similar results could be 
obtained, e.g. BMT was superior to chemothera
py and no advantage of ABMT versus chemo
therapy has been found. 

In both studies 14 of 300 patients (4.7%) has 
been allograf ted and 18 (6.0%) autografted in 
first eR. Later, in a higher stage of AML further 
4 patients (1.3%) received a BMT and 3 (1.0%) an 
ABMT. 

Reflecting the overall survival of the total 
patients from both studies the long-term sur
vival from the diagnosis up to more than 5 years 

Fig. 3. Actuarial probability of LFS 
(A) and relapse (B) among patients 
~ 40 years allograftes or autograf ted 
in first remission received postremis
sion chemotherapy in both studies n 
conformity with "intention to treat" 
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could be improved only to 4% by (A)BMT 
(Fig. 5). 

Discussion 

The rate of eR over 50% corresponding to the 
international level could be only slightly 
increased by the higher doses of daunorubicin 
(60 mg/rn' vs. 45 mg/rn' daily) and by two linked 
induction courses, where at the rate of ED and 
NR did not increase. Since participants of both 
studies who treated more than 10 AML patients 
reached more eR than others, it seems to be 
important to develop sufficient own experiences 
especially with supportive care. 

The postremission results of the nongrafted 
patients under chemotherapy could be im
proved markedly from 0.16 to 0.34 LFS after 5 or 
3 years, respectively. Because the postremission 
chemotherapy was the same in both studies, the 
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quality of CR after double induction with 
increased dose of daunorubicin might be respon
sible for this. No significant different results 
could be obtained if patients received postremis
sion treatment by additional consolidation 
courses (intensification) or maintenance therapy. 

It can be concluded that intensification of 
induction therapy might led to a higher quality 
of CR. That and further intensive postremission 
treatment by consolidation added by mainte
nance or additional consolidation seems to be 
the reason for better long-term results. 

Allogeneic BMT for HLA-identical siblings is 
superior to chemotherapy but, at least in our 
hands, ABMT without purging similar to 

chemotherapy and no real improvement of AML 
management. Although allogeneic BMT 
improves the results of AML treatment for allo
grafted patients, chemotherapy remains to be 
the basic management of AML. 
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Allogeneic BMT in Patients with AML: Influence of the Prior Response 
to Induction Chemotherapy on Outcome After BMT 

R. Arnold, D. Bunjes, B. Hertenstein, C. Duncker, J. Novotny, M. Stefanic, M. Theobald, G. Heil, 
M. Wiesneth, and H. Heimpel 

Introduction 

In chemotherapy treated patients the achieve
ment of a complete remission is the prerequisite 
for cure. There is evidence that the kinetics of 
response is an important prognostic factor for 
the duration of remission. In patients undergo
ing allogeneic bone marrow transplantation 
supralethal radio/chemotherapy is given as 
conditioning regimen. Furthermore, an allo
geneic graft versus leukaemia effect could be 
demonstrated. We analyzed whether primary 
responsiveness to chemotherapy influences the 
outcome after allogeneic bmt. 

Patients and Methods 

Patient characteristics. Between 11/1980 and 11/1993 
eighty-five adult patients with newly diagnosed 
acute myeloid leukaemia (AML) underwent 
allogeneic bone marrow transplantation (BMT). 
The median age at BMT was 34 years (15-51 
years). The diagnosis of AML was made by 
peripheral blood and bone marrow analysis 
including cytochemistry. Since 1985 all patients 
with AML have been classified according to the 
FAB classification. FAB M2 was the largest sub
group of AML transplanted (FAB MI n = 15), M2 
n=29, M3 n=2, M4 n=19, M5 n=5, M6 n=2, 
unclassified n = 13). Induction therapy of AML 
varied with time, but all patients received 
anthracyclines and Ara-C. 19 out of 85 patients 
received the TAD protocol [1] and 49 out of 85 

patients the DAV protocol [2]. Of 85 patients 17 
were treated according to other protocols. These 
patients were referred for BMT from other 
chemotherapy centres. 

Response to induction chemotherapy. After induction 
chemotherapy 79 out of 85 patients achieved a 
first complete remission. Most of the patients 
(69 one of 79 patients) responded to first line 
therapy. 10 out of 79 patients, who failed first 
line therapy received a salvage protocol includ
ing high dose Ara-C and went into 1. CR. 6 out 
85 patients treated failed salvage therapy and 
were evaluated as having refractory leukaemia. 
In patients with DA V as first line therapy the 
following kinetics of response was observed: 23 
out 49 patients achieved 1. CR after the first 
course of the DA V protocol, 16 out of 49 pati
ents responded after the second course of the 
DA V protocol. In 10 out of 49 patients data on 
the kinetics of response were missing or patients 
failed the DAV protocol. 

Bone marrow transplantation. The conditioning regi
men for patients transplanted in 1. CR (n = 79) 
consisted mainly of total body irradiation (up to 
1985 10 Gy TBI single dose, from 1985 onwards 12 
Gy TBI fractionated in 6 doses) and 120 mg/kg 
bw cyclophosphamide (n = 73). When cardiac 
contraindications against cyclophosphamide 
existed, melphalan (n=3) or VP-16 (n=2) were 
given instead. One further patient received 
busulfan and cyclophosphamide. The condition
ing regimen for patients with refractory 
leukaemia (n = 6) consisted mainly of TBI and 
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VP-16 (n = 5) and busulfan and VP-16 in one 
patient. 

Bone marrow donors were HLA identical sib
lings in 82 cases and HLA mismatched family 
members in three cases. 

For gvhd prophylaxis in patients in 1. eR dif
ferent regimen were used over time (methotrex
ate n = 9, cyclosporin A n = 1, ex vivo T -cell 
depletion n = 19), cyclosporin A plus methotrex
ate n = 26 and since 1990 combined in vivo/ex 
vivo T -cell depletion n = 24. All patients with 
refractory leukaemia received cyclosporin A 
plus methotrexate (n = 6). 

Statistical methods. The probability of survival, 
probability of disease free survival (DFS), the 
prob ability of relapse and the probability of 
transplant related mortality were ca1culated by 
life table analysis according to Kaplan and Meier. 

Results 

Out of 85 patients 50 are alive, 35 are dead. The 
cause of death was transplant related mortality 
in 23 out of 35 patients. 16 of 85 patients relapsed 
after bmt. 11 out of 16 patients died due to leu
kaemic relapse, 5 of 16 patients are alive in 2. eR 
after radiation therapy (n = 1), reinduction 
chemotherapy and buffy co at therapy (n = 2) or 
after 2nd BMT (n = 2). 

Analysis with regard to response and kinetics 
of response to induction chemotherapy revealed 
its infiuence on the rate of disease free survival 
after bmt (Table 1). The probability of DFS for 
AML patients transplanted in 1. eR is 0.45 with a 
median follow up of 35 (6-149) months (Fig. 1). 
Patients with an early response to induction ther
apy have a higher DFS (0.69) compared with 
patients with a late response (0.42) or a response 
to salvage therapy (0.15) (Fig. 2). Transplant relat
ed mortality was similar in all groups (Table 1). 

Discussion 

Allogeneic bone marrow transplantation for 
treatment of AML patients in 1. eR leads to a 
high rate of long terms survivors (54%). We 
found that the response and the kinetics of 
response to primary induction chemotherapy 
have a strong infiuence on long-term outcome 
after bmt. This presumably refiects the primary 
sensitivity of leukaemic sterm cells to cytotoxic 
drugs and/or the development of drug resis
tance during therapy. Both factors are also likely 
to infiuence the response to high-dose chemo
therapy and radiation given as conditioning 
treatment. One can speculate if intensified con
ditioning regimens and/or immunotherapy after 
bmt can improve disease from survival (DFS) 
after BMT. 

Table 1. Allogeneic BMT in newly diagnosed AML patients. Transplantation period 11/1980-11/1993 

all patients 1. eR 1. eR 1. eR 1. eR post refractory 
postDAV 1 post DAV II salvage therapy leukemia 

(group 1) (group 2) (group 3) (group 4) (group 5) (group 6) 

no of patients 85 79 23 16 10 6 
age 34(15-51) 34(15-51) 32(15-51) 41(15-51) 35(21-47) 49(25-51) 

median + range 
sex 45/40 41/38 17/6 5111 7/3 412 
M/F 

probability of 0·53 0·54 0.69 0·73 0·42 0.31 
survival 

probability of 0.31 0·32 0.24 0.21 0.11 0.17 
transplant related 
mortality 

probability of 0·32 0·33 0.1 0-46 0.83 0.6 
relapse 

probability of 0·47 0·45 0.69 0-42 0.15 0·33 
disease free 
survival 

median 33(5-149) 35(6-149) 35(13-85) 22(6-71) 47(12-109) 11(5-83) 
follow up post 
bmt (months) 
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Donor Leukocyte Infusions (Oll) in the Treatment of AML Patients Relapsed 
After Allogeneic Bone Marrow Transplantation 
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Introduetion 

High-dose chemoradiotherapy and allogeneic 
bone marrow transplantation (BMT) can cure 
so me patients with acute leukemia and lym
phoma. However, approximately so% of pati
ents relapse after BMT and constitute the group 
with unfavourable prognosis. Results of salvage 
chemotherapy in these patients are extremely 
poor [I], so new alternatives have emerged dur
ing the past decade in the field of immunothera
py. The efficacy of allogeneic BMT is usually 
associated with graft versus host disease 
(GVHD) and especially with graft versus 
leukemia (GVL) phenomenon that is carried out 
by donor's T-Iymphocytes [2]. The absence of 
GVHD in syngeneic and autologous BMT, 
T-depletion in allogeneic BMT, more intensive 
GVHD prophylaxis lead to the higher leukemia 
relapse rate. It was revealed that induction of 
GVL effect may be independent of GVHD 
and can be media ted by cyclosporine A, inter
leukin-2 (IL-2), transfusion of donor's leuko
cytes [3,4, S]. Those approaches are being used 
in order to prevent or to treat leukemia relapse 
after bone marrow transplantation that is to say 
to prolong disease-free survival. The largest 
report concerning DU in relapsed BMT patients 
comprises 82 cases (chronic myeloid leukemia, 
acute leukemias) and demonstrates encouraging 
results [6]. This article will briefly summarise 
our experience in the treatment of relapses 
after allogeneic BMT with donor's leukocytes 
infusions. 

Patients and Methods 

Two patients with acute myeloid leukemia 
underwent allogeneic BMT using HLA identical 
sibling donor and relapsed within sand 24 
months. Both patients received cyclophos
phamide and total body irradiation as con
ditioning therapy and were treated with 
methotrexate and cyclosporin A for GVHD pro
phylaxis. Both patients were monitored for 
chimaerism during and after BMT using eryth
rocytes markers by means of hemagglutinating 
test in low delutions. 

At the time of relapse (12.3.93) patient No 1 
had 70% blast cells in bone marrow aspirate, 
blastic infiltration in bone marrow biopsy, 
severe pancytopenia. No salvage chemotherapy 
was applied. 

Patient No 2 had 92% of blasts in bone 
marrow at the time of relapse (21.4.93), hypopla
sia with myelodisplastic features in b/m biopsy. 
She was treated with standard 7+3 (ara-c 100 
mg/m2 Lv. bid 1-7 days, daunorubicin 4S mg/m2 

i.v. 1-3 days). Complete remission was achieved 
within 1 month. There were no further chemo
therapy. The patients characteristics are detailed 
in Table 1. 

Donor leukocyte infusions were started at the 
time of relapse without prior treatment in 
Patient No 1 and after achievement of 2 CR in 
Patient No 2. Donor leukocytes were obtained 
by Blood Cell Separator Fenwall CS-3000. Mean 
collected leukocyte count was 12,1 x 107/kg. 
Leukocytes were infused within one ho ur. 
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Table 1. Characteristics and clinical course of two 
patients with AML 

Patient No 1 Patient No 2 

Age (at diagnosis ) 20 Y 28y 
Sex female female 
Blood group O(I)Rh+ B(IlI)Rh+ 
Prior illness AML AML 
FAB subtype M2 M2 
Induction 

chemotherapy 7+3 7+3 
Response 

to induction CR CR 
Disease status 

atBMT 1st CR 1 st CR 
TimeofBMT 3·11.92 26·4·91 
Donor sex male male 
Donor blood group O(I) Rh- O(I)Rh+ 
GVHD after BMT none skin (Grade I) 
Interval BMT 

to relapse 130 days 24months 
Salvage 

chemotherapy none 7+3 
Leukocyte infus ions N08 N06 
GVHD after 

leukocyte infusions none none 
Complications none none 
Outcome Alive, Alive, 

2 CR>1O 2CR>8 
months months 

Interleukin-2 was added during the 3rd, 4th, and 
5th procedures as 48-hours infusion started 2 
hours before DU at dose 6 V/rn' per day. The 
first two DU were done with two weeks interval, 
the following were performed and continued to 
be applied with two months interval. In an cases 
bone marrow aspirate was studied in conjunc
tion with bone marrow biopsy. 

Results 

Two AML patients in relapse after allogeneic 
bone marrow transplantation received donor 
leukocyte infus ions. One of them was treated 
with chemotherapy (1 course 7+3) before DU. 
Information concerning DU in each patient is 
reflected in Table 2. 

At the time of relapse the chimaeric erythro
cytes in patient No 1 constituted 20% (3 months 
after BMT the percent was 53). She achieved 
complete remission after second DU. It was 
proved by normal peripheral blood analysis, 
bone marrow aspirate. The most impressive pic
ture was observed in the bone marrow biopsy as 
it showed the disappearance ofblastic methapla
sia, moderately hypoplastic bone marrow with 
focuses of small lymphocyte infiltration. eR is 
maintained for 10 months. What is worth of 
note that the rate of chimaeric erythrocytes now 
is 82% (more than after BMT) and continues to 
grow. It is interesting that in patient No 2 the 
chimaeric erythrocytes in relapse were 100% of 
donor type, and till now the patient dem on
strates 100% red cells chimaerism. 

There were no graft versus host disease 
(GVHD) symptoms in any case during the first 
months of treatment. In one patient mild signs 
of GVHD (stomatitis, conjuctivitis, skin dry
ness) developed 6 months after the beginning of 
DU. No special treatment was applied. 

Discussion 

Residual disease after bone marrow transplanta
tion quite frequently becomes the cause of 

Table 2. Course of treatment with donor leukocyte infusions 

Patient No 1 Patient No 2 

Noof Timeto b/m blasts b/m blasts 
procedure next DU leuk x 1O'/kg before DU leuk x 1O'/kg before DU 

1. 2 weeks 8,1 70% 7,5 2,5% 
2. 2 weeks 9,75 23,8 
3.* 2months 11,9 2,3% 26,2 2,8% 
4.* 2months 20,4 9,8 
5.* 2months 10,3 3,1 % 21,7 1,2% 
6. 2months 15,3 13,4 2,5% 
7· 2months 12,8 1,9% 
8. 2 months 19,7 2,2% 

DU combined with IL-2 
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leukemia relapse but also can persist in a bal
anced state due to immune mechanisms that 
keep control over malignant ceil proliferation. 
The existence of immune-mediated anti-l eu
kemic activity after allogeneic BMT was first 
described in mice at the end of fifties [7] and 
now is summarized by the term "graft versus 
leukemia" effect. GVL is probably supported by 
cellular (CD-4+ cytotoxic T-Iymphocytes direc
ted to antigens of minor complex of histocom
partibility, natural killer cells) and humoral 
(cytokines, e.g. 1L-2 generating LAK cells) effec
tors, and can be induced by those factors with
out GVHD [2,4,5]. 

The cases described in this report clearly 
demonstrate such a possibility. We induced a 
pure graft versus leukemia effect in patient No 1 

as no salvage chemotherapy was applied for 
AML relapse after allogeneic BMT. DU were 
started at time of advanced disease when bone 
marrow was totally expanded by leukemic clone. 
Though there was some evidence of remaining 
donor hematopoiesis (20% of chimaeric ery
throcytes) it was difficult to interpret as red cells 
are late markers. The infused donor leukocytes 
produced a direct cytotoxic effect towards the 
leukemic cells. 1L-2 did not playa crucial role as 
CR was achieved before it was used. But we sug
gest that it can enchance the further develop
ment of immune control over residual 
malignant cells. We can also speculate that the 
remaining donors lymphocytes promoted cyto
toxic effect by "teaching" infused donor cells. 
The additional explanation may be that buffy 
coat containing hematopoietic progenitors sup
ported the graft, and perhaps smaillymphocyte 
infiltrates seen in bone marrow biopsy at time of 
remission registration are donor progenitors 
colonizing the host bone marrow. Constantly 
growing chimaerism (82%) is a further confir
rnation to the fact that repeated DU supported 
the graft. It shouId be emphasized that the 
schedule of DU in our report differs from the 
others as we use them in maintaining regimen. 
This approach can provide a constant influence 
of donor leukocytes towards the residual 

leukemic population. There were no problems 
with GVHD complications. 

The second case is not so convincing in the 
demonstration of pure GVL effect because CR in 
patient No 2 was attained after chemotherapy. 
But complete remission is still maintained for a 
long period of time without any treatment, and 
we have an evidence that the graft continues to 
function normaily. 

From our point of view our observation con
tributes to all other reports that describe new 
biological approaches in the treatment of hema
tologic malignancies and provide new perspec
tives in the field of immunotherapy. 
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Introduction 

Several historically controlled studies [1,3,5) and 
one small open prospective randomized trial [4) 
showed an acceleration of erythropoietic recon
stitution after allogeneic bone marrow trans
plantation (BMT). Some authors claimed a 
stimulatory effect on thrombopoiesis after BMT 
[2A). This double-blind, placebo-controlled ran
domized trial was conceived to analyze the 
impact of rHu EPO on regeneration of erythro
poiesis after allogeneic or autologous bone mar
row transplantation. 

Aim of the Trial 

The effects of recombinant human Erythro
poietin on regeneration of erythropoiesis after 
allogeneic or autologous bone marrow trans
plantation should be evaluated. 

Table 1. Patients - Allogeneic BMT 

rHuEPO Placebo 

All patients 106 109 
Sex 

male 61 71 
female 45 38 

Age (years) 
Median (range) 31 (4-55) 31 (I-55) 
ABO mismatch 

none/minor 84 86 
major/total 22 23 

Recombinant human Erythropoietin. rHu EPO was 
expressed by murine cells (mouse C-127) by 
Behringwerke AG Marburg, Germany. The spe
eific activity was 1.2 x 105 lU/mg of glycoprotein 
as measured in an in vivo assay according to 
WHO-standard. 

Dosage. 150 IU rHu EPO per kg body weight or 
placebo were given as 24h continous i.v. infu
sion from day 1 after BMT until independence 
from erythrocyte transfusions for 7 days or until 
day 42. Intravenous ambulatory or s.c. applica
tion for a maximum of seven days after hospital 
discharge was allowed. 

Study design. This was a randomized placebo
controlled double-blind study in 17 BMT centers 
with 329 patients. 

The randomization was performed per each 
center and stratified for allogeneic or autologous 
BMT and none/minor or major blood group 

Table 2. Diagnosis - Allogeneic BMT 

rHuEPO Placebo 

CML 38 36 
AML 29 33 
ALL 23 16 
NHL 6 
HD 1 
MDS 5 6 
SAA 7 9 
other 2 2 
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Table 3. Patients - Autologous BMT 

rHuEPO 

All patients 57 
Sex 29 

male 
female 28 

Age (years) 
Median (range) 35 (3-55) 
Purging 

Cytostatics 9 
MAB 3 

Fig. 1. Erythrocyte transfusions 
after allogeneic and autologous 
BMT between day 0 and day 41 

Fig. 2. Erythrocyte transfusions 
after allogeneic BMT during dif
ferent time intervals 

Placebo 

57 
31 

26 

33 (5-56) 

9 
2 

,AUOIOgous BMT 

AJlogeneic 8MT 

unlts: per 
pa<ienl 

day D-20 

day 21-41 

day 42-1 00 

uot:5 per 0 
patient 

(ABO) incompatibility between donor and 
recipient. 

Study objective. It should be shown that rHu EPO 
reduces the time period of erythrocyte transfu
sion dependence after allogeneic or autologous 
BMT. 

Primary endpoint. Time to reach independence 
from erythrocyte transfusions, which was de-

o 

Table 4. Diagnoses - Autologous BMT 

rHuEPO Placebo 

AML 20 13 
ALL 4 2 
CML 0 2 
NHL 18 25 
HD 12 13 
other 3 2 

mean 

2 3 4 5 6 7 8 9 

• rHu EPO o Placebo 

mean 

2 3 4 5 6 7 

• rHu EPO o Placebo 

fined as follows: 

- Day after last erythrocyte transfusion and Hb 
nadir > 9 g/dl followed by 7 consecutive Hb 
values above this nadir 

or 

- Hb nadir after last transfusion < 9 g/dl fol
lowed by 7 consecutive days with Hb values 
> 9 g/dl. 



Results 

The median time to transfusion independence 
was 19 days with rHu EPD and 27 days with 
placebo (p< 0.003 by log rank test). The median 
amount of erythrocyte transfusions was signifi
cantly reduced with rHu EPD between days 21 
and 42 (see Figure 2). After autologous BMT, 
rHu EPD did not influence the time to transfu
sion independence or the amount of erythrocyte 
transfusions. There was no relevant difference in 
side effects between all rHu EPD or all placebo 
treated patients. 

Conclusions 

rHu EPD significantly accelerates the reconstitu
tion of erythropoiesis after allogeneic but not 
after autologous BMT. This effect occurs rather 
late beyond day 20 following BMT. Therefore 
rHu EPD might be given from day 14 onwards. 
rHu EPD is not effective after autologous BMT. 
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Combination of rhSCF + rhG-SCF, But Not rhG-CSF Alone Potentiate the 
Mobilization of Hematopoietic Stem Cells with Increased Repopulating 
Ability into Peripheral Blood of Mice 

N. J. Drize', J. L. Chertkov', and A. R. Zander' 

Introduction 

The early hematopoietic progenitor including 
ceils capable for long-term maintenance of 
hematopoiesis circulates in low amount in 
peripheral blood during steady-state conditions 
[1-4). However, these progenitors were found to 
belong to one of more mature category in the 
hierarchy of hematopoietic stern cells (HSC). 
Indeed, in competitive repopulation assays the 
progeny of peripheral blood HSC is rapidly 
replaced by the progeny of bone marrow stern 
cells [5,6). During last decade it was repeatedly 
demonstrated that some hematopoietic cyto
kines affect not only survival, proliferation and 
differentiation of hematopoietic cells, but also 
capable to mobilize HSC into circulation [7-11). 
Such ability of cytokines is studying very inten
sively both in experimental and clinical condi
tions because mobilized HSC can be used itself 
or in combination with bone marrow cells as a 
source of progenitors for transplantation [12). 
Among cytokines capable to mobilize HSC into 
circulation the most attention are payed now on 
SCF and its combination with other growth fac
tors, especially G-CSF [7,13,14). Inspite of the 
cytokine-mobilized HSC (usually after intensive 
course of chemotherapy in the period of regen
eration of hematopoiesis) are now used in 
patients, a lot of questions has no answer. Up to 
now it is obscure if peripheral blood progenitors 
are mobilized from bone marrow by pharmaco
logical doses of cytokines or their expansion in 

bone marrow and/or peripheral blood take 
place. For G-CSF it was shown that more proba
ble mechanism is HSC mobilization [7,15]. The 
data about similar effect of G-CSF plus SCF 
combination was not published; meanwhile, SCF 
in combination with other cytokines produces 
in vitro more strong effect on HSC proliferation 
than G-CSF alone [14,16]. We have no data about 
the optimal time of peripheral blood HSC 
(pbHSC) collection: is it necessary to collect 
pbHSC during their highest concentration or 
later in the cytokine course when pbHSC level is 
not so high, but quality of progenitors possibly 
better, for example because of enrichment of 
population by more immature members of HSC 
compartment? Here these questions were 
addressed on murine system with use of rhG
CSF and rhSCF. 

Material and Methods 

Mice and spleen colony assay. Twelve- 25 weeks old 
CBF, (CBA/Lac x C57Bl!6)F1 fern ale mice were 
used. Recipients in the spleen colony-forming 
(CFU-S) assay were exposed to 1200 cGy "'Cs 
irradiation (the dose rate 18 cGy/min, IPK irra
diator). The dose was delivered into equal frac
tions, given 3 h apart. Irradiated mice were 
injected i.v. with 3 to 6 X 104 marrow, or 1 to 
10 X 106 blood nucleated cells within several 
ho urs after the irradiation. Macroscopic 
colonies number was counted 8 or 11 days later 
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[17). To assess the self-renewal capacity of CFU
S (spleen repopulating ability/SRAI), the spleens 
of mice that had been irradiated and injected 11 
days earlier (CFU-S-11), were excised, colony 
number was scored and single-cell suspension 
of spleen cells was injected into irradiated sec
ondary recipients (0.1-0.2 colony per mouse). 
The number of daughter colonies were counted 
8 days later and the number of colonies generat
ed per one CFU-S-11 was calculated. Prolife
rative activity of CFU-S-11 was determined by 
hydroxyurea (HU) suicide. Cells were incubated 
in RPMI 1640 media (Flow) supplemented with 
5% Fetal Calf Serum (FCS) (Vector, Russia) for 2 
hours at 37°C with and without 1 mg/mI HU 
(Serva), washed trice with Hanks' balanced salt 
solution (HBSS) and injected into irradiated 
recipients [18). 

Long-term bone marrow culture (LTBMC) and limiting dilu
tion analysis. The Dexter method[19) of LTBMC 
was used with so me modifications. Briefly, the 
content of one femur were flushed into a 25-cm2 

tissue culture flask (Flow) containing 10 ml of 
Fisher's medium supplemented with 2 mM L
glutamine, 14% horse serum (Vector, Russia), 
7% FCS (Vector, Russia), 10-6 M hydrocortisone 
sodium succinate (Sigma). The cultures were 
placed in 33°C, 5% CO2 incubator. Half of the 
medium was replaced weekly with the same vol
urne of fresh medium. Three to 4 weeks after 
confluent adherent celllayer formation, the cul
tures were irradiated (30 Gy) and recharged with 
either 2 to 3 X 106 peripheral blood mononu
clears or with 1/100 femur equivalent bone mar
row cells in fresh medium. Peripheral blood 
cells was drawn with 50 u/ml heparin, and 
mononuclear cells was separated by centrifuga
tion over Hystopaque (density 1.083 g/ml) 
(Sigma) for 30 min, 450 g, and washed 3 times 
with HBSS. In 5 weeks (peripheral blood cells) 
or 6 weeks (bone marrow cells) the adherent 
layers were scrapped of with a cell scrapper and 
after repeated pipetting cells from each flask 
were injected into lethally irradiated syngeneic 
mice for CFU-S-8 assay. In peripheral blood cul
tures the number of CFU-S-8 in non-adherent 
fraction was also detected weekly. 

Limiting dilution of the cell populations was 
assayed for the presence or absence of cells 
responsible for the long-term generation of 
CFU-S-8 in LTBMC [20). Such cells should be 
distributed among sam pIes in a Poisson fashion. 
The concentration (N) of primitive hematopoi-
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etic stern cells (P-HSC/LTC-ICI) in the sampie 
can then be expressed as N = -lnPo/x, where Po 
is the proportion of sampies (flasks) devoid of 
CFU-S-8, and x is the number of cells in the 
sample[21). Proliferative activity of bone mar
row LTC-IC was studied by HU suicide. 

rhSCF and rhG-CSF. rhSCF (Amgen) and rhG-CSF 
(Neupogen 48, Amgen) were used. The cyto
kines were diluted in saline with 0.1% BSA and 
injected s.c. at 24 hour interval to yield the treat
ment levels of 250 Ilg/kg/d for rhG-CSF and 34 
Ilg/kg/d for rhSCF for 10 or 17 days. Part of con
trol mice was injected with vehicle (PBS+O.l% 
BSA). The results were the same as in non
injected control. All data of both control groups 
were pooled. Twenty hours after the last injec
tion heparinized peripheral blood was collected 
under light ether anesthesia from orbital plexus 
in sterile conditions. Bone marrow was collected 
from femora by sterile punction through knee 
joint by 22 gauge needle. Some mice were sacri
ficed and femoral bone marrow was flushed out 
and resuspended in HBSS; spleens of these mice 
were homogenized by glass homogenizer in 
HBSS. The cell suspensions were diluted and 
injected into lethally irradiated mice or explant
ed on irradiated adherent celllayer of LTBMC. 
Peripheral blood and marrow cellularity was 
determined, differential cell count carried out 
on May Grunwald Giemsa stained smears. One 
month after last injection of cytokine all mice 
were sacrificed for study the peripheral blood, 
bone marrow and spleen cells. The single blood 
donation had no influence on the hematopoiesis 
one month later and the results obtained on 
mice with and without blood loss were pooled. 

Results 

CFU-S analysis. Cytokine treatment induced very 
strong mobilization of CFU-S into circulation 
(Fig. 1). After lO-day-course the content of CFU
S-11 in peripheral blood was increased 93-fold 
and 169-fold following rhG-CSF and rhG-CSF + 
rhSCF, respectively. The less pronounced effect 
was observed after 6 and 17-day-course. Simul
taneously with observed augmentation of CFU
S-11 in peripheral blood, in the bone marrow the 
1.5-3-fold depletion of CFU-S-ll number was 
detected. One month following last cytokine 
injection the content of CFU-S-11 both in 
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peripheral blood and bone marrow was normal
ized (data not shown). 

After 10- and 17-day-course of cytokine treat
ment the significant increase of proliferative 
activity of mobilized in peripheral blood CFU-S-
11, as measured by HU suicide was observed; the 
effect of cytokine combination was more ex
pressed than effect of rhG-CSF alone, however 
the differences were not significant (Fig. 2). In 
the bone marrow of cytokine treated animals as 
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weH as in control mice the suicide level of CFU
S-11 was less than 10% in all groups (data not 
shown). 

Self-renewal capacity of CFU-S-11 was mea
sured as SRA (number of daughter CFU-S-8 per 
11 day spleen colony). It was demonstrated that 
both cytokine administration schedules strongly 
increase SRA of CFU-S-11 in peripheral blood. 
This response was higher foHowing cytokine 
combination and 17-day-course (Fig. 3). One 
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month following cytokine administration the 
SRA was normal. Cytokines decreased SRA in 
bone marrow, more significantly after 17-day
course of cytokines combination. This index was 
normalized after one month, apart from the 
observed overshot after 10 days course of rhG
CSF administration. 

LTC-fC in peripheraf bfood and bone marrow. The num
ber of peripheral blood mononucleares is not 
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enough for full range limiting dilution analysis 
(usually 3-4 flasks per group were used) and 
because of that the existence of LTC-IC in 
peripheral blood was characterised by mature 
ceHs and CFU-S-8 production in suspension 
fraction of long-term culture during 5 weeks 
after seeding 2-3 x 106 mononuclears on irradi
ated adherent ceHlayer of LTBMC. The 5-week
old cultures were sacrificed and the total 
number of CFU-S-8 both in non-adherent and 
adherent ceH fraction was determined. LTC-IC 
were not detected in peripheral blood of normal 
mice. Cytokines mobilize LTC-IC in peripheral 
blood. During 5 weeks of culture continuous 
production of non-adherent CFU-S-8 was 
observed (Fig. 4). The effect of cytokines combi
nation was significantly higher than rhG-CSF 
alone. The number of adherent CFU-S-8 was 
maximal in cultures seeded with peripheral 
blood mononuclears from mice treated by 17-
day-course of cytokine combination (Fig. 5). 

The number of LTC-IC in bone marrow of 
cytokine treated mice was determined by limit
ing dilution analysis (Fig. 6). Both schedules of 
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cytokine administration induced sharp decrease 
ofLTC-IC. This effect was more expressed after 
combination of growth factors as compared to 
rhG-CSF alone; 17-day-course induced more 
dramatic response than 6 andlO-day-course. 
Proliferation of bone marrow LTC-IC after 
cytokine treatment was not revealed by HU sui
eide (data not shown). The content ofLTC-IC in 
bone marrow one month following rhG-CSF 
treatment was normal, however, after rhG
CSF+rhSCF course the rebound overshot of 
LTC-IC was shown. 

Discussion 

Here the high increase of CFU-S content in 
peripheral blood of animals treated with G-CSF 
and G-CSF + SCF was confirmed; it was also 
shown the appearence ofLTC-IC in circulation. 
The effect of growth factor combination was 
more expressed than rhG-CSF alone. The in-

crease of circulating progenitors was accompa
nied by decrease of CFU-S and LTC-IC number 
in bone marrow. This effect was higher from 
cytokine combination and was proportional to 
longevity of the course. Simultaneously, the high 
increase of CFU-S content in spleen has been 
observed, what was described earlier[16]. These 
results suggest the mobilization of progenitors 
into eirculation rather than their expansion by 
cytokine treatment. The lack of CFU-S-ll and 
LTC-IC proliferation in the bone marrow imme
diately after cytokine course also supports but 
of course do not proves this conclusion. 

The population of mobilized HSC differ from 
steady-state pbHSC not only quantitatively but 
also by progenitor characteristics. The more 
primitive HSC, LTC-IC, appear in eirculation 
following cytokine administration. The age 
structure of mobilized progenitor population 
differs from normal bone marrow HSC com
partment. In particular, mobilized CFU-S-ll are 
characterized by higher proliferative activity 
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and spleen repopulating ability, as compare with 
bone marrow CFU-S-l1. This data suggest the 
selective mobilization of more immature CFU
S-l1 by cytokines. If the cells capable to maintain 
long-term hematopoiesis are also mobilized 
selectively, the peripheral blood of cytokine 
treated donors could be better source of HSC for 
transplantation than normal bone marrow cells. 

The results demonstrated at first time that 
pbHSC collected in different time of cytokine 
course can be characterized by various prolifer
ative potential and the peak of HSC concentra
tion and maximal SRA is not in coincidence. 
After 10-day-course of cytokine combination the 
number of CFU-S-11 in peripheral blood was 
increased 169-fold, while augmentation of their 
SRA was only two-fold; following 17-day-course 
the 30-fold level of peripheral CFU-S-11 has been 
observed, though the increase of SRA was 7-fold. 
Hence, in clinical setting the time of peripheral 
blood cell collection must be determined not 
only by the level of HSC, in particular high pro
liferative potential cells, LTC-IC and blast 
colony forming cells, but by their quality also. 
The most important index in this case could be 
the replating potential of these precursor cells. 

The changes of hematopoiesis were short
term and following one month essentially nor
mal hematopoiesis recovered. It is important 
that the content of LTC-IC in bone marrow was 
significantly increased one month after last 
injection of cytokine combination. The incapac
ity to regeneration of LTC-IC in the bone mar
row during many months after sublethai 
irradiation of mice was observed[22). The differ
ence of the results could not be explained by 
reverse migration of LTC-IC from spleen into 
bone marrow, first of all, because one month 
following 10- and especially 17-day-course of G
CSF+SCF the bone marrow content of LTC-IC 
was 1.5-2 times higher than in control animals. 
This data suggest that the amplification of early 
progenitors was induced by triggering the rest
ing progenitor cells into proliferation. 
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High-dose Therapy and Autografting with Mobilized Peripheral Blood 
Progenitor Cells in Patients with Malignant Lymphoma 

R. Haas, H. Goldschmidt, R. Möhle, S. Frühauf, S. Hohaus, B. Wiu, U. Mende, M. Flentje, 
M. Wannenmacher, and W. Hunstein 

Abstract. In this report we present the data of 100 
patients who were autograf ted with peripheral 
blood progenitor cells (PBPC) following high
dose conditioning therapy. Fifty-six patients 
were male and 44 were female with a median age 
of 36 years (range 19-58). Thirty-five patients 
had Hodgkin's disease and 65 non-Hodgkin 
lymphoma (NHL). PBPC were collected either 
following the administration of recombinant 
human GM-CSF or G-CSF during steady-state 
hematopoiesis or during cytokine-enhanced 
recovery after cytotoxic chemotherapy. Seven 
patients were autografted using PBPC harvested 
post-chemotherapy without cytokine support. 
At the time of PBPC mobilization 21 patients 
had bone marrow involvement by histopatho
logical examination. The high-dose preparatory 
regimens were either BEAM (BCNU, etoposide, 
cytosine arabinoside, melphalan), CBV 
(cyclophosphamide, BCNU, etoposide), or a 
combination of total body irradiation (TBI) and 
cyclophosphamide. In 92 patients hematological 
reconstitution was evaluable. The median time 
to reach a neutrophil count ;;;;: 0.5 x 109/1 was 14 
days (range 9-69) and an unsubstituted platelet 
count > 20 x 109/1 was observed after a median 
of 12 days (range 6-205). Seven patients died 
of transplant-related toxicity. Twenty-seven 
patients relapsed or had further tumor progres
sion after a median time of 5 months (range 1 -

49) post-transplantation. With a median follow
up of 14 months (range 1-64), 66 patients are 
alive in unmaintained remission. There is no 
evidence for late graft failure. These data reflect 

the ability ofblood-derived hematopoietic prog
enitor cells to restore long-term hematopoiesis 
after myeloablative therapy without additional 
bone marrow support. 

Introduction 

Peripheral blood progenitor cells (PBPC) for the 
support of high-dose therapy were first used in 
patients considered to be not eligible for bone 
marrow harvesting [1]. This included patients 
with hypocellular or fibrotic marrow due to pre
vious irradiation, bone marrow infiltration with 
tumor cells or metastatic lesions at the sites of 
harvest [2]. An earlier concern was related to the 
restorative capacity of PBPC. Data from animal 
studies suggested that blood predominantly 
contains lineage-committed progenitor cells 
lacking the ability to support long-term 
hematopoiesis after myeloablative therapy [3]. 
When hematopoietic growth factors were intro
duced for PBPC mobilization, it was speculated 
that cytokines may induce an accelerated con
sumption of more primitive stern cells [4]. 
Clinical trials then demonstrated the capacity of 
cytokine-mobilized PBPC to restore marrow 
function following high-dose therapy. This was 
also true for regimens with total body irradia
tion (TBI) which are considered myeloablative 
[5, 6]. The study presented he re includes 100 

patients who were autograf ted with PBPC dur
ing the last 5 years in our institution. In 93 
patients cytokines were part of the mobilization 
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regimen. The patients had different hematologi
cal malignancies and were entered into the 
transplant protocol at different stages of their 
disease. Our report contains data on the trans
plant-related toxicity, the duration of hemato
logical recovery, and event-free survival (EFS). 

Material and Methods 

Patients. Between October 1988 and March 1994, 
one hundred patients were included into the 
study. Their median age was 36 years (range 19 -
58). There were 56 males and 44 females. Thirty
five patients had Hodgkin's disease and 65 had 
non-Hodgkin lymphoma (NHL). According to 
the working formulation, 40 patients had low
or intermediate-grade and 25 patients had high
grade NHL. At the time of mobilization, 21 
patients had bone marrow involvement by 
histopathological examination. Prior to high
dose therapy, 64 patients were in complete 
remission (CR), 30 in partial remission (PR) and 
6 had progressive disease. The patient charac
teristics are shown in Table 1. 

Patients were treated in the Departments of 
Internal Medicine V and Radiology, University 
of Heidelberg. Informed consent was obtained 
in each patient before therapy. The study was 
conducted under the guidelines of the Joint 
Ethical Committee of the University of Heidel-

Table 1. Patient characteristics 

Patients 

Age 
Males 1 Females 
Hodgkin's disease 
non-Hodgkin lymphoma 

low- lintermediate-grade 
high-grade 

Bone marrow involvement 
at the time of PBPC collection 

Table 2. Mobilization schemes 

Hodgkin's disease 
high-grade NHL 
low-grade NHL 

no factor 
post
chemo 

6 

100 

36 [19-58) 
56/44 
35 
65 
40 
25 

21 

GM-CSF 
steady-
state 

4 
2 

berg. The cut-off date of this report is May 
5th,1994. 

Peripheral blood progenitor cell collection and ayopreserva
tion. PBPC collection was performed with a 
Fenwal CS 3000 (Baxter Deutschland GmbH, 
Munich, Germany). Usually, a total of 10 I blood 
per apheresis was processed at a flow rate of 50 
to 70 ml/min. The apheresis product was mixed 
with the same volume of minimal essential 
medium (MEM) containing 20% dimethylsul
foxide (DMSO). The final cell suspension was 
transferred into freezing bags (DELMED 
Inc., New Brunswick, NJ, USA) and frozen to 
- 100°C with a computer-controlled cyrop
reservation device (Cryoson DV -6, Cryoson 
Deutschland GmbH, Germany). The frozen cells 
were transferred into the liquid phase of nitro
gen and stored at -196 oe. 

In 7 patients, PBPC harvesting was performed 
during hematological recovery following 
chemotherapy-induced marrow aplasia. Sixteen 
patients were treated with recombinant human 
GM-CSF (250 ug/kg/day, continuous i.v. infu
sion; Behringwerke AG, Marburg, Germany). 
The cytokine was administered either during 
steady-state hematopoiesis or started 24 ho urs 
post-chemotherapy to increase the number of 
circulating progenitor cells. Six patients received 
GM-CSF and IL-3 sequentially following high
dose cytosine arabinosidel mitoxantrone. IL-3 
and GM-CSF were made available by Sandoz 
AG, Nuremberg, Germany. Twenty-four hours 
after chemotherapy, patients received IL-3 (5 
ug/kg per day sc) for 6 days. Then GM-CSF (5 
ug/kg per day s.c.) was given until PBPC collec
tion was completed. More recently, recombinant 
human G-CSF (R-metHuG-CSF, filgrastim, 
Amgen, Thousand Oaks, CA, USA, 300 ug/day 
sc) has been used during steady-state hemato
poiesis as weil as after cytotoxic therapy in a 
group of 71 patients. The mobilization regimens 
are detailed for the different patient groups in 
Table 2. 

IL-3/GM-CSF 
post- post-
chemo chemo 

9 
6 

G-CSF 
steady 
state 

3 

post
chemo 

15 
14 
38 

399 



High-dose conditioning regimens and intensive care post
transplant. High-dose regimens consisted of the 
CBV protocol (cyclophosphamide, 6.8 g/m2 ; 

BCNU, 450 mg/m2 ; etoposide, 1,600 mg/m2; 34 
patients), the BEAM regimen (BCNU, 300 
mg/m2 ; etoposide, 1,200 mg/m2 ; cytosine arabi
noside, 800 mg/m2 ; melphalan, 140 mg/m2 ; 18 
patients) or a combination of cyclophos
phamide (200 mg/kg) with hyperfractionated 
total body irradiation (14.4 Gy; 47 patients). In 
one patient with progressive Hodgkin's disease 
PBPC were used to support high-dose cytosine 
arabinoside/mitoxantrone. The distribution of 
the conditioning regimens is detailed in Table 3. 
The patients were treated in reverse isolation. 
Antibiotie combination therapy was given for 
fever> 38.5 °C and amphothericin-B was added 
for documented fungal infection or persistent 
fever. A platelet count of > 20 x 109 /1 was main
tained by HLA-A/B-matched platelet transfu
sions and packed red cells were given when the 
hemoglobin was below 8 g/dl. 

C1onogenic assay for hematopoietic progenitor cells. The 
concentration of hematopoietic progenitor cells 
in the leukapheresis products and in peripheral 
blood was assessed using a semisolid clonogenie 
culture assay as previously described [6]. Since 
January 1991, a commercially available culture 
system (Terry Fox Laboratories, Vancouver, 
Canada) was used. 

Immunofluorescence staining and f10w cytometry. For 
dual color immunofluorescence analysis, 1 x 106 

mononuclear cells of the leukapheresis products 
were incubated for 30 min at 4 °C with the fluo
rescein (FlTC)-conjugated monoclonal antibody 
(moAb) HPCA-2 (CD34, Becton-Dickinson, 
Heidelberg). 10,000 cells were acquired and ana-

Table 3. Preparatory regimes 

lyzed using a Becton-Diekinson FACScan with a 
2-Wargon ion laser as light source. Excitation 
was at 488 nm and fluorescence was measured at 
530 nm (FITC) and 588 nm (PE). Fluorescence 
(FL) intensities were recorded at photomultipli
er tube settings of 518 V (FlTC) and 527 V (PE) 
and logarithmieally amplified. An example of a 
CD34 + cell measurement is given in Fig. 1. 

Statistics. Event-free survival (EFS) was calculat
ed from the day of PBPC autografting using 
Kaplan and Meier's method. We regarded as 
events: death including toxie death, relapse for 
patients autografted in PR/CR, and disease pro
gression for patients known to progress. 

Results 

Mobilization and collection of peripheral blood progenitor 
cells. The patient group presented he re is hetero
geneous with respect to diagnosis and history of 

IgGl-FITC SSC 

CD34-FITC CD45-FITC 

Cyclophosphamide CBV 
rLJ 

BEAM rLJ 
and TB! 

Hodgkin's 
disease* 34 

high-grade 
NHL 9 16 

low-grade 
NHL 38 2 

* In one patient with Hodgkin's disease PBPC were 
used to support high-dose cytosine arabinosidel 
mitoxantrone 

400 

~ 

Fig. 1. Assessment of CD34 + cells in leukapheresis 
products. Only CD34 + cells with low side scatter char
acteristics (SSC) are considered. The pan-leucocyte 
antigen CD45 serves to discriminate between white 
blood cells and erythrocytes or debris 



disease. The patients have in common that 
PBPC were used instead of bone marrow to sup
port high-dose conditioning therapy. To charac
terize the autograft, the number of total 
nucleated cells (TNC) and colony-forming units 
granulocyte-macrophage (CFU-GM) is available 
in 95 patients. With a median of 5 (range 1-11) 
leukaphereses, an average (mean ± SEM) of 
0.75 ± 0.06 x 109/kg TNC and 19.56 ± 2.29 x 104 

CFU-GM/kg could be harvested (Fig. 2). 
Direct immunofluorescence analysis was 

used in 77 patients to determine the number of 
autografted CD34 + cells which accounted for an 
average of 6.03 ± 0.53 x 106/kg. Based on 72 
paired samples a correlation could be demon
strated between CFU-GM and CD34+ cells (R= 
0.74, P < 0.001). The mobilizing efficacy of the 
different regimens cannot be addressed, since 
some mobilization regimens were only used for 
a specific indication making a valid comparison 
impossible. 

Hematological reconstitution following high-dose therapy 
and PBPC autografting. Following high-dose condi
tioning therapy, all patients were autografted 
using mobilized PBPC without additional bone 
marrow or cytokine support. Four patients with 
toxie death were not evaluable for hematologieal 
reconstitution. Two patients were excluded 
since early relapse and tumor progression may 
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Fig. 2. Number of total nucleated ceils (TNC) and 
colony-forming units granulocyte-macrophage per kg 
bodyweight contained within the autografts of 95 
patients. The quantity of CD34 + cells transplanted is 
available for 77 patients 

have interferred with engraftment, and for two 
patients the data are not available. The reconsti
tution data are therefore based on a total of 92 
patients (Fig. 3). A white blood count (WBC) of 
~ 1.0 x 109/1 was achieved within 7-45 days 
(median 12). An absolute neutrophil count 
(ANC) of ~ 0.5 x 109/1 was reached as early as 9 
days post-grafting with a latest recovery after 69 
days (median 14 days). Platelet counts ~ 20 X 109 

were observed after a median of 12 days (range 
6 -205). For 77 patients, the quantity of CD34 + 
cells in the autografts is known. It could be 
shown that autografts containing ~ 2.5 X 106 

CD34 +cells/kg allowed platelet recovery 
(> 20.0. x 109/1) within 14 days in the majority 
of patients (Fig. 4). There was no significant dif
ference in the time of recovery between patients 
receiving TB! and patients receiving high-dose 
chemotherapyalone. 

Fallow-up post-transplantation. üf the 100 patients 
autografted, 4 patients died of early transplant
related death, i.e. one patient of cardiac failure, 
one of pulmonary edema, one of BCNU-related 
pneumonitis and one due to toxoplasmic 
encephalitis. Three patients developed late com
plications. There was one patient with lethal 
BCNU-pneumopathy, one suffering from hepat
ie coma and one patient with multi-organ failure 
due to vasculitis of unknown etiology. 

1.0 

0.8 

0.6 

0.4 

0.2 
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__ ANC > 0.5 I 109/1 

.---- PLT > 20 x 109/1 

100 

Days 

Fig. 3. Cumulative frequency of hematological recon
stitution. The analysis is based on 92 patients 
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Fig. 4. A number of 2.5 x 106 CD34 + cells/kg 
is a minimum requirement for rapid platelet 
recovery within 14 days post-transplantation 

Days to PLT > 20 X 109 /1 

Accordingly, the treatment-related mortality 
rate is 7%. At the cut-off date of this report, 66 
patients are alive in unmaintained remission. 
The median follow-up for the patients in remis
sion is 14 months (range 1-64). Relapse or 
tumor progression were observed in 27 patients 
after a median time of 5 months (range 1-49). Of 
these patients 9 are alive following standard
dose chemotherapy or palliative regimens. 
Patients with high-grade NHL relapsed as eady 
as 1 month post-transplantation. On the other 
hand, 2 patients with Hodgkin's disease relapsed 
late, 3 and 4 years following PBPC autografting. 
As shown in Fig. 5, the probability of event-free 
survival is 31% for high-grade NHL after 26 

1.0 low-grade NHL 
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Fig. 5. Probability of event -free survival in 100 

patients with malignant lymphoma autografted with 
mobilized PBPC following high-dose therapy 
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months and 86% for low-grade NHL after 46 
months. The difference refiects the nature of the 
respective histological subtypes. For patients 
with Hodgkin's disease, the probability of EFS 
was calculated as 35% after 64 months. 

Discussion 

We report on 100 patients who were autograf ted 
with mobilized blood-derived hematopoietic 
progenitor cells following high-dose condition
ing therapy. The patients differ with respect to 
diagnosis, disease status, the amount of previ
ous cytotoxic therapy and the type of high-dose 
conditioning therapy. The use of PBPC for the 
support of dose-escalated cytotoxic chemother
apy is the common denominator. The results 
show that blood-derived hematopoietic progeni
tor cells collected after cytotoxic chemotherapy, 
cytokine administration or cytokine-supported 
chemotherapy allow complete and sustained 
hematological reconstitution after myeloablative 
therapy. With a longest follow-up of 5 years, no 
late graft failure was observed. 

An important question relates to the trans
plantation-associated toxicity, which has to be 
outweighted against the potential therapeutic 
benefit. Usually, bacterial and fungal infections 
are the major complications encountered during 
the period of neutropenia. Therefore, it is of 
note that only one patient died of an infection 
with Toxoplasma gondii. The other transplant
related deaths were due to toxic organ failure. 



There were no obvious patient characteristies 
associated with an increased risk of mortality. 
The rate of toxie deaths is 7% and comparable 
with data from other centers [7]. 

The number of CD34 + cells in the autografts 
is known for 77 patients. A threshold became 
evident indieating that a minimum of 2.5 x 106 

CD34 + cells/kg bodyweight are necessary to 
obtain an unsubstituted platelet count > 20 x 
109!l within 14 days [8]. The conditioning regi
mens had no influence on the time of recovery 
indicating that homing and seeding of 
hematopoietic progenitor cells within the mar
row mieroenvironment are not dependent on 
total body irradiation. 

Another issue relates to event-free survival 
and relapse. With a median follow-up of 14 
months, 66% of our patients are alive in 
unmaintained remission, while there were 27 
patients who relapsed or further progressed 
after a median of 5 months post-transplantation. 
Early relapses within the first three months 
post-transplantation were predominantly ob
served in patients with high-grade non-Hodgkin 
lymphoma. The results are different for patients 
with low- and intermediate-grade NHL of whom 
only two relapsed 4 and 12 months following 
PBPC autografting. Prospective studies would be 
needed to demonstrate the therapeutie benefit 
of PBPC-supported high-dose therapy particu
larly for these histologie al subtypes of lym
phoma. Since June 1992, we have performed 
involved-field irradiation post-grafting in 5 
patients. The local radiotherapy included previ
ous bulk manifestations. The efficacy of the 
CBV protocol compared with conventional 
chemotherapy in patients with Hodgkin's dis
ease is disappointing, although the patients 
included into the transplant protocol had suf
fered from chemosensitive relapse and are con
sidered to have poor prognostie features [9]. 
The late relapses of whieh one occurred 4 years 
following autografting are of partieular concern. 
They show the obvious inability of the prepara
tory regimen of eradieating tumor cells with 
relapse-inducing capacity. 

Another aspect relates to the origin of relapse 
since blood-derived autografts may harbor 
tumor cells. As we have shown more recently, 
patients with low-grade NHL autograf ted with 
leukapheresis products which contain PCR
detectable t(14;18)-positive cells may turn nega
tive after a foIlow-up between 9 and 16 months 
[10]. These data suggest that potentially contam-

inating tumor cells may not be sustained in vivo 
following their transplantation. However, gene
marking studies would be necessary to address 
this issue prospectively. 

We propose high-dose therapy for chemosen
sitive patients at an early time during their dis
ease course when the tumor burden is low, drug 
resistance unlikely and hematopoiesis not com
promized by previous cytotoxie therapy. More
over, the treatment failures clearly mark the 
limitations of the high-dose regimens and argue 
for new therapeutic strategies. 
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Cord Blood Banking for Hernatopoietic Stern Cell Transplantation 

E. Gluckman 

Abstract. The number of umbilical cord blood 
cells transplantation is increasing worldwide. 
The results are comparable to allogeneic bone 
marrow transplantation in a large variety of 
hematological diseases curable by bone marrow 
transplantation. The incidence of GVH has been 
so far limited. The advantages of using cord 
blood are related to the high number ofhemato
poietic progenitors in circulation at birth and to 
the relative immaturity of the immunological 
reactivity of the new-born. A European cord 
blood bank project is described in order to 
obtain related or unrelated, matched or partially 
mismatched hematopoietic stern cell transplant 
for treating patients without a bone marrow 
donor. 

Introduction 

Following the work ofBoyse and Broxmeyer [1], 
and the first report of a successful transplant in 
a patient with Fanconi's anemia by means of 
umbilical cord blood from an HLA-identical sib
ling [2] several authors have shown that a single 
human umbilical cord blood sampie collected at 
birth contains enough progenitorlstem cells to 
reconstitute hematopoiesis following a myelo
ablative conditioning regimen in children or in 
adults [3-6]. 

The clinical experience with this approach is 
stilllimited but preliminary results have shown 
a good engraftment with no or limited graft 
versus host disease (GVH) in several patients 
transplanted with a matched sibling donor. The 

longest follow-up, now at 5 years, shows a per
manent engraftment with complete donor 
chimerism. 

Due to the relative immaturity of the immune 
system in the new-born, it was thought that 
these cells would give less graft versus host 
disease (GVH) than adult bone marrow cells. 
There are some in-vitro data which seem to con
firm this hypothesis and also several partially 
family mismatched transplants have been suc
cessful. As it appears that the use of matched 
unrelated adult bone marrow donors gives an 
increased rate of severe GVH, there is some 
hope that the use of neonate hematopoietic stern 
cells would decrease the frequency of this com
plication. 

The other advantage is the unlimited supply 
of cord blood collection leading to the possi 
bility to select rare haplotypes, or to limit the 
number of sampies of frequent haplotypes. The 
safety of the product is better because during the 
period of storage, it is easy to control the num
ber of hematopoietic stern cells and check the 
absence of any infectious or genetic trans miss i
ble disease. The immediate availibility of stored 
HLA typed hematopoietic stern cells diminishes 
the delay between the bone marrow donor 
search request, which averages currently 2 to 6 
months in marrow donor registries, to few days. 

Clinical Results 

Arecent study from the international cord 
blood transplant registry has collected 26 cases 

Bone Marrow Transplant Unit, Höpital Saint-Louis, Paris, France 



of cord blood transplants in 26 children [7]. 
Their age varied from 1.3 to 16 years; 17 had 
malignant disease and 9 a non malignant disor
der; 19 sibling donor recipient pairs were HLA 
identical and 7 were HLA non identical at 1 
antigen (n = 3), 2 antigens (n = 1) or 3 antigens 
(n = 3). The median recipient weight was 19 kg 
(range 10.3-45.5 kg). The median volume of cord 
blood collected was 100ml (range: 44-282 ml) 
with a median number of nucleated cells of 4.0 
x 107/kg (range: 1.0-16.0 x 107/kg) and a median 
number of CFU-GM of 2.42 x 104/kg (range: 
0.23-25.6 x 104/kg). The median time to recovery 
was 23.5 days for neutrophils (ANC;;, 500/111, 
range: 12-46 days) and 44.5 days for platelets 
(;;, 50,000/111, range: 15-105 days). 

The median time to recovery did not corre
late with the numbers of nucleated cells or CFU
GM. Donor cell engraftment was confirmed in 18 
patients, including 4 of 6 evaluable recipients of 
HLA non identical cord blood cell transplants. 
Four patients failed to engraft, 2 died too early 
and 2 are yet to be evaluated for donor 
chimerism. Grade 2-4 GVHD was observed in 
only 1 of 19 evaluable patients, occurring in a 
recipient of an HLA 3 antigen mismatched 
transplant. Chronic GVH was observed in only 1 
of 18 patients with donor engraftment surviving 
for more than 100 days and occurred in a recipi
ent of an HLA 1 antigen mismatched trans plant. 
The median time of survival for the 17 cord 
blood transplants currently alive is 1.9 years 
(range: 0.2-4.9). Causes of death were hepatic 
veno-occlusive disease (n = 1), interstitial pneu
monia (n02), relapse (n02), intracerebral hem
orrhage (n = 1) and graft failure (n = 3). 

These data demonstrate that umbilical cord 
blood is a source of hematopoietic stern cells 
which can be used for allogeneic bone marrow 
transplantation with low GVHD potential in 
children and in adults with matched and closely 
matched related donors. More recent prelimi
nary results have been announced on 2 success
ful matched unrelated cord blood transplants by 
the New York cord blood bank team. 

Rationale for Establishing a Cord Blood 
Bank 

Engraftment potential. It has been shown that cord 
blood is enriched with immature hematopoietic 
stern cells which differ from adult stern cells by 
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their high proliferative and differentiating capa
bility [8-11]. 

Several studies have shown that one single 
cord blood collection contained enough 
hematopoietic stern cells to reconstitute the 
marrow of an adult as well as a child. This point 
is currently under study because the quantifica
tion of the minimum number of stern cells 
necessary for a complete allogeneic engraftment 
is not known and the techniques of measure are 
not standardized. Studies are also performed for 
improving the yield of stern cells: purification by 
various gradients and enrichment of CD34 + 
cells by incubation with magnetic beads or 
columns with a monoclonal anti CD34 + anti
body. The methods of cryopreservation are well 
known. It has been shown that cord blood cells 
can be kept in DMSO and liquid nitrogen for 
periods of more than 10 years as it has been 
shown for bone marrow cells. 

The advantage of using cord blood as a 
source of stern cells are obvious: the supply is 
unlimited and there is a possibility to increase 
the recruitment of donors from ethnic 
minorities which are poorly represented in large 
marrow donors registries. The other advantage 
is the rapidity of the search process speeding the 
delay between the initiation of a search and the 
transplant, because cord blood can be immedi
ately used as the number of progenitors stern 
cells and the HLA typing are known in advance. 
Histocompatibility testing would be speeded up 
by directly testing small aliquots of donated 
cord blood by newly developed HLA matching 
techniques. An European cord blood bank 
project of collecting 20000 sampies in several 
European countries is currently planned. 
Similar projects are developing in other parts of 
the world, mostly in the USA and more recently 
in Asia [12]. 

Immunological reactivity of cord blood (el/s. One of the 
major and still partially unsolved problems of 
allogeneic bone marrow tranplant is graft versus 
host disease (GVH). There is now convincing 
evidence that cytotoxic T cells and NK cells of 
donor origin, together with cytokines and espe
cially tumor necrosis factor (TNF) may play an 
important role in acute GVH. Despite the use of 
HLA identical donors and the development of 
new immunosuppressive agents, its incidence is 
still frequent with an incidence of 30% with 
matched sibling marrow tranplants and 75% 
with matched unrelated marrow transplants. So 



far, GVH has been limited or absent in the small 
number of children transplanted with cord 
blood, the majority had received a matched sib
ling transplant and it is well known that the inci
dence and severity of GVH is reduced in this age 
group. Of note, 7 patients received a cord blood 
transplant from a sibling with 1, 2 or 3 HLA mis
matches without any major GVH. On the other 
hand, the new-born baby seems to be the best 
donor, because it is known that the incidence of 
GVH increases with donor age and exposition to 
viral infections or immunisation by blood trans
fusions or pregnancies. In vitro studies have 
shown that new-born lymphocytes present in 
cord blood were functionally immature with a 
large proportion of naive T cells and increased 
helper-suppressor activity [13,14]. 

The phenotypic of cord blood lymphocytes 
appears to be immature with a smaller percent
age of T cells, the majority of T cells express the 
TCR-alpha/beta, it contains small proportion of 
CD38+ cells and CD37+ cells. If the CD3-8+ 
cells were substracted from the total percentage 
of CD8 +, the CD4/CD8 ratio was slightly higher 
than that seen in adult blood. Most T cells were 
of naive phenotype expressing the CD4SRA phe
notype [lS]. Two major differences between cord 
and post natal blood sampies were found. First, 
in the cord blood> 99% of T cells strongly 
express the CD38 antigen while in the post natal 
blood CD38 expression on T cells was heteroge
neous. Second, in the cord blood CD4SRO+ T 
cells were seen as well as double negative popu
lations CD4SRO -, RA - which exhibit unique 
features of functional and phenotypic immaturi
ty. This observation emphasizes so me advan
tages of cord blood transplantation. During 
bone marrow transplantation T cell reconstitu
tion is slow with IL-2 deficiency and poor T cell 
function which is a predisposing factor for 
GVH. By contrast, in the cord blood both imma
ture and umprimed T cells, dominantly CD4 + 
are rich in IL-2 secreting populations, and after 
cord blood transplant GVH may diminish rather 
than increase. In addition, the cord blood pre
cursors might also be further purified by elimi
nating CD4SRA + unprimed T cells while 
retaining CD4SRA - immature T cells and 
hematopoietic progenitor cells. A novel popula
tion of NK progenitor cells was recently isolated 
from cord blood being CD34-, lin-, NK + and 
NK-, CD7+. These cells were shown to be func
tionally immature when freshly isolated, but 
became cytotoxic after in vitro culture in IL-

2:/PHAlPHA-CM [16]. Neonatal lymphocytes 
have been reported to be defective in IFN-gama 
and in IL-4 production, but not in IL-2 produc
tion. Recently, Clerici et al detected a defect in 
IL-2 production which is selective for response 
to recall antigens and to self APC processed 
alloantigens but not to stronger stimuli such as 
allo or PHA stimulation further supporting a 
deficiency in HLA self-restricted Th that is 
dependent on functional APC responses [17-19]. 
Arecent study has shown that T cells do not 
constitutively express perforin in contrast to 
adult peripheral blood T cells. Cord blood T 
lymphocytes would be defective in the ability to 
exert T cell-mediated cytotoxicity at least via the 
perforin lytic pathway. Lack of effector cytotoxic 
T cells might reduce the relative risk of acute 
GVHD after cord blood transplantation. 
Therefore, the cytotoxic function of cord blood 
cells appears first and foremost to be dependent 
on NK cells. Because of their lower perforin con
tent, when compared to adult NK cells, cord 
blood NK cells could displaya reduced MHC 
unrestricted cytotoxicity. 

Strategy for Establishing a Bank 
of Cryopreserved Cord Blood 

The advantages of establishing a bank of cryo 
preserved umbilical cord blood seems well 
established according to in vivo and in vitro 
results described in this article. It has been 
clearly shown that these cells can be used in 
HLA identical or partially mismatched family 
transplants as weH as in matched unrelated situ
ations. More clinical data are obviously required 
in order to evaluate the overall results. For this 
purpose an international cord blood transplant 
registry has been set up in order to collect all 
new cases and attempt to study the role of the 
number of cells, the degree of HLA matching on 
survival, engraftment, GVH and leukemic 
relapse. 

It has been shown that cord blood transplan
tation can be successful in a large variety of 
malignant and non malignant hematological 
dis orders. It remains to be demonstrated that 
the number of cells is sufficient for an adult 
transplant. 

The European cord blood bank group is 
planning to establish a European cord blood 
bank for use in matched or partially 
mismatched transplants. A number of 20000 
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cryopreserved cord blood bank collected in 2 

years seems to be a possible objective. A similar 
effort is being made in other countries, mostly 
in the USA [11] and also in Asia. 

Working groups are currently discussing and 
establishing guidelines for: 

1. Standardisation of the procedure of collec
tion, volume depletion, cryopreservation and 
thawing of cord blood. 

2. Comparison and standardisation of various 
criteria for assessing quantification of hema
topoietic progenitors, detection of genetic or 
infectious transmissible diseases. 

3. Determination of the criteria for donor selec
tion and methods of HLA typing. 

4. Establishment of a computer network for 
data collection and exchange. 

5. Establishment of ethical and legal guidelines 
for informed consent, infectious disease 
screening and data protection. 
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Molecular Basis for Retinoic Acid Effects in Acute Promyelocytic Leukemia 

C. Chomienne 

Abstract. All-trans retinoic acid, one of the active 
metabolites ofvitamin A, is known to specifical
ly induce fresh human promyelocytic leukemic 
cells (AML3) to differentiate in vitro to mature 
functional granulocytes which loose their self
renewal potency and spontaneously die. These 
results were confirmed in vivo: AML3 patients 
treated with oral all-trans RA alone achieve 
complete remission. Two distinct classes of pro
teins directly interact with RA: nuclear receptors 
(RARs and RXRs) and specific cytoplasmic pro
teins (CRABP). The retinoic receptor alpha 
(RAR a) gene located on chromosome 17, is 
rearranged through the t(15;17) translocation 
observed in these cells and fused to a newly 
identified gene, PLM, localized on chromosome 
15. The specificity of the PML/RAR fusion pro
tein and RA sensitivity of the APL leukemia 
points to a close relationship between the leuke
mogenesis and the therapeutic efficacy. We 
show that multiple parameters among whieh 
feature the normal RA bin ding proteins (RARa 
and CRABP) and the effective retinoid coneen
tration, playa crucial role in the efficacy of RA 
therapy in these patients. 

Retinoic Acid-induced Differentiation 
of Acute Promyelocytic Leukemia 

In vitra differentiation of aeute promyelocytic leukemic cells 
with retinoids. Structure function relationship fod
ifferent existing retinoid molecules have been 
studied in myeloid leukemic ceIllines. All-trans 
and 13-cis forms are equally effective in the HL-

60 and U-937 cells (Chomienne, 1986). Other 
eompounds are either more or like the ethyl 
ester (Tigason®) less effective (Chomienne, 
1986) ilian the naturally occurring isomers. 

Though retinoids have been shown to alter 
leukemic cell growth (Douer, 1982), only AML3 
cells (Bennett, 1976) are successfully induced 
to differentiate in vitro (Imaizumi, 1987; 
Chomienne, 1989). MorphologicaIly, the modifi
cations of the promyelocytic leukemic cells dur
ing the differentiation induced by all-trans RA 
are variable from one sampie to another as are 
often the promyelocytic leukemic cells before 
treatment. After 5 days incubation with RA how
ever, all leukemic cells have a smaller cell 
volume, a low nucleus eytoplasm ratio, disap
pearance of nucleoli if initially present. 

The respiratory burst function is aequired 
rapidly (50% of the cell population is NBT posi
tive after 3 days in culture with RA and 100% by 
day 7). These differentiated leukemie eeIls ean 
no longer produee leukemic clones in soft agar 
and significant decrease of the BCb protein in 
these cells strongly suggest that, at least in vitro, 
the elimination of the leukemic clone may be in 
part due to programmed cell death. 

We observed that of the three identified iso
mers, the all-trans and 9-cis retinoids are equal
ly effective on AML3 cell differentiation and 
viable cell count. The 13-cis isomer, however 
in duces an equivalent effect at only high concen
tration (10-6 M). We have also studied the effects 
of ilie major metabolites of RA: 4-0XO-13 cis and 
4-oxo-all trans RA which both induee differenti
ation of AML3 cells (Chomienne, 1990). 
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In vivo differentiation of APL with retinoids. The first 
available retinoid for in vivo use of RA treat
ment in acute leukemias was the 13-cis isomer. 
In AML3 patients refractory to conventional 
chemotherapy, at a 45 to 100mg/m2 daily dose, 
little to no efficacy was observed (Hoffman, 
1988; Flynn 1983). The original experience of 
Huang and coll (Huang, 1988) with all-trans-RA 
in 24 AML3 patients treated with a daily dose of 
45 mg/m2 was striking: 23 patients obtained 
complete remission and coagulation disorders 
were rapidly corrected. Our own experience cor
roborates their data: In first relapse AML3 
patients, 26 out 28 patients achieved complete 
remission (CR) (Castaigne, 1990; Degos, 1990). 
These data were rapidly corroborated by differ
ent groups (Warrel, 1991; Chen, 1991; Warrel, 
1992). In an recent European Multicenter Trial, 
80 de novo patients with no initial increase in 
the WBC were treated with retinoic acid alone or 
conventional chemotherapy followed by chemo
therapy consolidation. CR rate was of 74 % in 
the RA group versus 43 % in the chemotherapy 
group. Though the number of eady deaths was 
identical in both groups, the percentage of dis
ease free survival was significantly greater with 
RA (Fenaux, 1993). 

The complete remission is obtained via a dif
ferentiation mechanism. An intermediate popu
lation expressing both mature (CD16) and 
immature (CD33) markers is detected during the 
3rd and 4th week of treatment by cell surface 
immunophenotyping (Warrel, 1991). In situ 
hybridization with a chromosome 17 probe 
(Warrel, 1991) and DNA polymorphism studies 
(Fearon 1986; Elliott; 1992), confirmed the rela
tionship between the clinical response and the 
maturation of the leukemic clone. After 30 to 45 
days of treatment, normal myeloid cells have 
replaced the leukemic differentiated cells and 
the remission is polyclonal (Elliott, 1992). 

Coagulation disorders, when present, were 
rapidly controlled. The bleeding diathesis was 
recently attributed to a more general activation 
of fibrinolysis, with a minor DIe. Four patients 
investigated eight days after treatment with 
ATRA had a normalization of the fibrinolytic 
dis order but persistance of DIC (Dombre, 1993). 

The complete remission is achieved without 
any signs of aplasia. Most patient were treated 
on an out-patient basis and few (25%) patients 
needed antibiotics and transfusions (Warrel, 
1992). ATRA therapy is weIl tolerated and minor 
inconvenience (namely dryness of skin and 
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mucosae, transient bone pain, increases of 
triglycerides and transaminases) is easily over
come by creams, eyedrops or analgesics. 

The major side-effect is the occurrence of a 
hypedeucocytosis (WBC > 10 to 100 10 9/ml) and 
the "RA syndrome" (fever, respiratory distress, 
pulmonary infiltrates, pleural effusions and 
impaired myocardial function) (Frankel, 1992). 

Length of complete remission was noted to 
be short if all-trans RA alone or low dose 
chemotherapy were given as maintenance thera
py (4-47 months) (Huang, 1988; Warrel, 1991). 
Recent results suggest that consolidation thera
py with conventional (daunorubicin and cyto
sine arabinoside) chemotherapy not only 
provides long disease free complete remissions 
(Warrel 1992; Fenaux, 1993) but that these 
remissions may be longer than when induction 
chemotherapy consisted of only chemotherapy. 

Hypotheses for the Molecular Basis 
of APL Leukemogenesis 

Through tlte t(15;17) translocation (Larson, 1984) 
these APL leukemic cells harbour PML/RARa. 
fusion transeripts and to a lesser extent the reci
procal RARa./PML transcripts (Chomienne, 
1992; Longo, 1990). The transcripts are variable 
in sizes depending on the breakpoint localiza
tion on the PML gene, each AML3 patient being 
characterized by a specific fusion transcript. 
These transeripts are not easily detectable on 
Northern blots (poor cellular sampies and weak 
expression of the messenger RNA) but can now 
be observed in all AML3 cases by reverse tran
scriptase polymerase chain re action (Castaigne, 
1992; Miller, 1992). So far, these different types 
of fusion transeripts do not allow to discrimi
nate between different AML3 subtypes, or for a 
specific outcome or response to RA. 

PML-RARa. inhibits the transactivation of 
RARE myeloid specific reporter genes (either 
spontaneously or in the presence of RA) (de 
The, 1991; Rousselot 1992). In normal hemato
poietic cells retinoids enhance granulocytic dif
ferentiation (Van Bockstaele, 1992; Sakashita, 
1993). Our results on total bone marrow mono
nucleated cells shows a significant increase of 
CFU-G in the presence of retinoids (Gratas, 
1993). It is to be noted however that the effect is 
strictly dose-related. A stimulatory effect is 
observed at low< 10-9 to 10-7 M concentration. 
At higher concentrations, a true inhibitory effect 



is observed. A similar effect is observed whatev
er the retinoid used, whether all-trans, 9-cis, or 
13-cis. The same granulocytie enhancement is 
observed on purified CD34 + cells. 

The specific differential expression of RARa 
and RXRa genes in myeloid cells determined to 
the granulocytic pathway further stresses the 
role of retinoids on granulocytie maturation. In 
hematopoietie cells (HL-60) PML/RAR inhibits 
RA-mediated transactivation (Rousselot, 1994). 
However it already appears that PML/RAR 
blocks the RA-mediated granulocytie differenti
ation or the vitamin D3 media ted monocytie dif
ferentiation of HL-60 cells (Rousselot, 1994) or 
U 937 cells (Pelicci, 1993) and that on its own, 
the truncated RARa protein, has no repressor 
effect in transactivation assays. The inhibition is 
observed at low doses of retinoids. 

The PLZF RARa whieh originates from 
t(l1;17) leukemias breaks the RARa gene in the 
second intron as for t(15;17) (Chen, 1992). Like 
PML-RARa we have shown that PLZF RARa 
inhibits the transactivation of RARE- myeloid 
specific reporter genes (Chen, 1994). Thus alter
ation of RA's physiologieal differentiation path
way by the t(15;17) or t(l1;17) translocations may 
result in the leukemogenesis of these leukemias. 

Hypotheses for the Molecular Basis 
of RA's Efficacy in APL Cells 

Retinoie acid's effect in a cell is closely related to 
the retinoie acid receptors and cytoplasmie 
binding proteins present in the cell and to the 
concentration of the active metabolite arriving 
in the nucleus. The same rules seem to be re
quired in APL cells. The mechanism(s) through 
which RA induces leukemie cell differentiation 
have not been elucidated though many effects 
consecutive to RA action have been observed at 
different levels of the cello Monitoring RA's effi
cacy and side effects during prolonged RA ther
apy has suggested that RA's outcome and 
biological consequences in tissues other than 
hematopoietie must be considered. 

Presence of the PMURAR. In the presence of high 
concentrations of ATRA, PML/RARa can acti
vate RA-inducible reporter genes (Rousselot, 
1992; Pelicci, 1993) and restores RA-mediated 
differentiation in PML/RAR transfected HL-60 
cells. This is in agreement with the structural 
conservation of the ligand binding domain in 

the PML/RARa protein and its identieal bin ding 
affinity for all-trans RA compared to RARa 
(Nervi, 1992), though it is not yet known how 
the tridimensional structure of the abnormal 
protein affects the stability of the RA bin ding in 
the cello This may imply that the PML/RARa 
pro tein could be responsible both for the onco
genie effect and RA responsiveness of AML3 
cells. 

Presence of the normal RARa gene. Another explana
tion which need not be exclusive is that RA-effi
cacy may be linked to the normal remaining 
RARa gene. Various data implicate RARa in 
normal granulocytic differentiation: RARa is 
highly expressed in normal differentiated granu
locytes (Chomienne, 1991) and in the myeloid 
tissue by in situ hybridization (Guidez personal 
communieation). On normal myeloid progeni
tor cells, all-trans RA increases granulocytie dif
ferentiation (Douer, 1992; Gratas, 1993). This has 
led us to postulate that RA and its receptor may 
playa role in normal granulocytie differentia
tion. In AML3 cells, we noted a significant 
increase of the normal RARa gene expression 
after treatment with all-trans RA. This appears 
as an early event of RA and forwards an expla
nation for the paradoxieal effect of all-trans RA 
in this disease. The level of expression of RARa 
gene was correlated to the concentration of all
trans RA used (Rousselot, 1992). RARa is known 
to form heterodimers both RXRa and PML, 
PML/RARa (Kastner, 1992). It is not yet known 
how the equilibrium between these different 
pro teins affect transactivation and differentia
tion in AML3 ceIls. 

Levels of all-trans RA concentrations: aprerequisite for RA 
sensitivity of AML3 cells and secondary resistance to A TRA. 
Pharmacologieal studies of all-trans RA in 
AML3 patients have brought forward 
interesting data. The plasma concentration of 
all-trans RA achieved in AML3 patients was 
within the in vitro differentiating concentra
tions; time to peak concentration of all-trans RA 
was between 60 and 120 minutes (median: 90 
minutes) after ingestion, with maximum con
centrations between 0.03 Ilg/ml and 2.5 Ilg/ml 
(median 0.4Ilg/ml), median AUC 630 ng.h/ml. 
These concentrations were within the in vitro 
differentiating concentration range of all-trans 
RA for these patients' cells. Interpatient varia
tions were linked to an increased clearance rate 
and to the leukemie cell burden (Lefebvre,1991; 
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Muindi, 1992). The great interpatient variability 
observed suggests that intracellular concentra
tion determinations may prove essential in the 
pharmacological studies of all-trans RA in 
AML3 patients undergoing RA therapy. A signif
icant decrease of the area under the curve is 
found very early after onset of ATRA treatment 
(Muindi,1992). 

Little is known about the exaet physiological outcome of aI/
trans RA in normal or AML3 patients. Different 
enzymes are implicated in the conversion of the 
exogenous Vitamin A to retinoic acid and its 
various metabolites. These enzymes depend on 
the presence of cytochrome P450, NAD and cer
tain cellular binding proteins such as CRABP 
which have been recently shown to act as sub
strate for retinoic acid metabolism (Cornic, 
1992). RA induces P450 metabolism and AML3 
cells of patients after RA therapy may be linked 
to increased RA catabolism show reduced ATRA 
sensitivity of AML3 cells in vitro (Delva, 1993). 

The quantity of CRABP detected is related to 
the length of ATRA therapy and decreases very 
slowly (months) after withdrawal of ATRA. 
These data strongly suggest a metabolism cause 
for the resistance of AT RA in relapse patients 
and the failure of continuous ATRA therapy as 
maintenance therapy is related to an hyper
catabolytic state. Drugs that reduce P450 activity 
or binding to CRABP may circumvent resistance 
to A TRA. Revision of the schedule, dose and 
length of ATRA therapy in the induction treat
ment of AML3 may prevent the induction of this 
"salvage" cascade and therefore the induction of 
resistance. 

Cytokines. Differentiation of leukemic cells by 
retinoids is enhanced by the addition of cyto
kines (Peck, 1991). We have shown that AML3 
cells express and secrete cytokines such as TNFa, 
IL-6, IL-8, IL-1~. Absence of TNFa or presence 
of IL-3, G or GM-CSF significantly reduced the 
efficacy of all-trans RA to differentiate AML3 
cells (Dubois, 1994). Interestingly these 
cytokines are implicated in leucocyte activation 
and may related to the APL-ATRA syndrome. 

Conclusion 

Terminal differentiation of acute myeloid leu
kemic cells has opened botlI new perspectives 
on the understanding of leukemogenesis, and 
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new possibilities of therapies in malignancy. To 
date, in vitro and in vivo differentiation of acute 
promyelocytic leukemic cells with all-trans RA 
is the first model of differentiation therapy. The 
monitoring of ATRA efficacy in AML3 patients 
requires a tlIorough knowledge of the proteins. 
The parallel studies on the role of the PMLI
RARa product on the blockage of myeloid dif
ferentiation and of the normal RARa in normal 
and leukemic differentiation will provide the 
necessary elements. Biodisponibility, cellular 
uptake and metabolism of all-trans RA in AML3 
cells along with the determination of the pres
ence, quantity and affinity of the different RA 
binding proteins. 
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Acute Promyelocytic Leukemia: Advantage of A-Trans Retinoic Acid (ATRA) 
over Conventional Chemotherapy 

E. Lengfelder', M. Simon', D. Haase', F. Hild" and R. Hehlmann' 

Introduction 

Acute promyelocytic leukemia (APL) is charac
terized by the typical morphology of blast ceils 
[1,2], the specific translocation t( 15;17) [18], 
which fuses the PML gene to the retinoic acid 
receptor- a gene [8,15], and a coagulopath which 
frequently causes fatal bleeding [23]. 

In the past, conventional chemotherapy con
sisting of anthracycline and cytosine-arabi
noside induced complete remission rates of 
50-80% [6,7,10,14,17,20,21]. The availiability of 
the vitamin Aprecursor, "all-trans retinoic acid 
(ATRA)" has changed treatment and prognosis 
of APL profoundly. 

In contrast to chemotherapy, which induces 
complete remission by a transient bone marrow 
aplasia, ATRA selectively in duces differentiation 
of promyelocytic blasts to mature neutrophiles 
[3,5,9,19,24]. By this way remission rates of about 
90% in newly diagnosed and first relapsing APL 
cases have been achieved [3,4,11,12,19,24,25]. 

Advantages of ATRA tlIerapy are rapid improve
ment of coagulopathy and avoidance of bone 
marrow aplasia. A rapid increase in white blood 
cells during ATRA treatment occurring in 
approximately 25% is associated with a high 
early mortality rate and requires immediate 
cytoreduction by chemotherapy [11,12,13]. 

We describe here the results of AT RA treat
ment in 4 patients with newly diagnosed APL in 
comparison to a historical control group of 3 
patients treated with chemotherapy, thereby 
demonstrating characteristic aspects of the dif
ferent tlIerapy modalities. 

Patients and Methods 

Patients. Seven patients with APL were newly 
diagnosed between 1989 and 1993. The initial 
characteristics of the patients are listed in 
Table 1. Six patients had AML FAB M3, one 
patient was categorized as a microgranular FAB 

Table 1_ Initial characteristics of the APL patients 

Therapy Patients SexJAge (y) WßCI06/1 Platelets (106/1) Karyotype 

ATRA MI54 800 124000 t(15;17)( q22;q21) 
2 M/40 140O 8000 15q+, i(17q -) 
3 MI53 800 77000 normal 
4 MI55 1900 3000 15Q+, i(17Q-) 

Chemotherapy 5 M/24 1100 92000 not performed 
6 F/47 600 31000 not performed 
7* M/28 50000 16000 t(15;17) (Q22;21) 

*microgranular FAß M 3 variant; M, male, F, Female; WßC, white blood cell count; y, years 

'III. Med Klinik, Klinikum Mannheim, Universität Heidelberg, Germany 
'Institut für Humangenetik, Arbeitsgruppe für Tumorzytogenetik, Universität zu Lübeck, Germany 



M3 variant. Peroxidase reaction was strongly 
positive and HLA-DR expression of blast cells 
was negative in all patients. Coagulation para
meters indicated coagulopathy in all cases. No 
patient had dinical bleeding. 

Therapy. Induction therapy consisted of ATRA in 
the four patients with diagnosis after December, 
1 of 1991 and of cytosine arabinoside/anthracy
dine-based chemotherapy regimens in the three 
patients, which were diagnosed before this date 
(see Table 2). 

ATRA. ATRA dosage was 45 mglsqm/day p.o. 
One patient with rapidly increasing white blood 
cells was treated with additional chemotherapy 
(cytosine arabinoside and daunorubicin, AD) to 
prevent hyperleukocytosis. In all cases ATRA 
was given continuously until complete remis
sion was obtained. All patients were further 
treated with three courses of an intensive con
solidation chemotherapy (see Table 2). 

Chemotherapy. Patients received one course of an 
intensive chemotherapy (cytosine arabinoside/ 
daunorubicin with or without thioguanine, AD 
or TAD). If a complete remission was not 
achieved, a second cyde was given within three 
weeks. All patients were treated with intensive 
consolidation chemotherapy (see Table 2). 

Chemotherapy Regimens 

TAD: Cytosine arabinoside (ara-C) 100 mg/m2 / 

day i.v. (continuous infusion), day 1 and 2, ara-C 
lOomglm2/daY/12h Lv., day 3 through 8, dauno
rubicin 60 mg/sqm/day Lv., day 3 through 5, 
thioguanine 100 mg/m2/day /12h p.o., day 3 
through 9. 
AD: Ara-C 100 mg/m2/day i.v. (continuous infu
sion), day 1 through 7, daunorubicin 60 mg/m2 / 

day i.v., day 1 through 3. 
HAM: Ara-C3 g/m2/day /12h Lv., day 1 through 3, 
mitoxantron 10 mg/m2/day i.v., day 3 through 5. 
HAD: Ara-C 1 g/m2/day /12h Lv., day 1 through 4, 
daunorubicin 45 mg/m2/day Lv., day 1 through 3. 

Coagulopathy 

The treatment of coagulopathy consisted of 
intensive platelet support to maintain the 
platelet count above 20.000//ll and on support 
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of fresh frozen plasma. All patients received 
15.000 IE heparin per day until significant coag
ulopathy had disappeared. 

Results 

In all patients complete remlSSiOns were ob
tained. The results are summarized in Table 2. 

In the ATRA group the mean duration of 
leukopenia (white blood cell count< 1000//l1), of 
coagulopathy and of the time required to com
plete remission was considerably shorter than in 
the chemotherapy group. During treatment with 
ATRA the improvement of coagulopathy was 
generally the first sign of dinical response. Two 
patients developed a thrombocytosis with platelet 
counts between 850 x 109/1 and 1300 x 109/1 with a 
maximum on day 29 and 40 of ATRA treatment. 
After an initial increase a transient decrease of 
the white blood cell count (WBC) to levels that 
were below normal occurred in all patients in the 
third or fourth week of ATRA treatment. No toxic 
side effects of ATRA were observed. 

In the chemotherapy group, one therapy 
cyde was required for complete remission in 
one patient and two cydes in two patients. After 
the first course the bone marrow showed 50% 
blast cells without hypoplasia of the marrow in 
both patients. In one of these patients a pro
longed persistence ofblasts (20% on day 21 after 
the second course) was observed. By day 39 the 
blasts had disappeared without further chemo
therapy. In the second patient a complete remis
sion was obtained by day 31 after the second 
course. Since no early bone marrow control was 
done, a persistence of marrow blasts could not 
be proven in this patient. 

Adverse effects of chemotherapy induded 
mucositis, fever and infection (WHO grades 
2-4). One patient of the chemotherapy group 
died of a severe mycosis due to aplasia after 
consolidation therapy. 

Discussion 

Both treatment strategies - ATRA and conven
tional chemotherapy - were successful in remis
sion induction in our APL patients. A dear 
advantage of ATRA was the rapid improvement 
of coagulopathy which disappeared after a mean 
of 9 days compared to 25 days in the chemother
apy group. The risk of fatal hemorrhage was 
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reduced substantiaHy. Our data are in agree
ment with observations of others, who report an 
improvement of coagulopathy after a few days 
of treatment with ATRA [3,4,11,12,19,24]. 

Further , ATRA reduced the risk of infection by 
shortening the duration ofleukopenia. The mean 
time to reach white blood ceH counts> 1000/J..lI 
was 3,5 days during ATRA treatment compared 
to 30 days in the chemotherapy group. In the 
recently published French/European APL trial a 
WBC of> 1000/J..ll was reached after a mean of 
16+8 days in ilie ATRA group vs. 26+4 days in 
the chemoilierapy group [12]. 

The mean time to complete remission was 38 
days in our ATRA patients compared to 48 days 
in the patients with chemotherapy. This agrees 
weH with the 38 to 53 days to complete remission 
reported for ATRA patients in the literature 
[3,4,12,19,24]. Two of our chemotherapy patients 
required two therapy courses and reached com
plete remission after 59 and 60 days. In one of 
these patients a prolonged persistence of mar
row blasts for more than 21 days after the second 
course was observed. Recent chemotherapy 
studies [16,22] demonstrated, that some APL 
patients showed a long persistence of marrow 
blasts necessitating a second chemoilierapy 
cyeIe more frequently than in oilier AML sub
types. These patients did not develop bone 
marrow hypoplasia and obtained complete 
remissions 6 to 8 weeks after start of chemother
apy by a slow disappearance of the blast ceIls 
[16,22], as shown in the one of our patients. 

An additional advantage of ATRA was the 
reduction of chemotherapy - related adverse 
effects. ATRA was weH tolerated in aH patients. 
In the one patient with rapid increase in WBC 
the "ATRA-syndrome" was successfuHy pre
vented by an immediate cytotoxic therapy as has 
been recommended also by others [11,12,13]. 

Because of the brief duration of remission 
after ATRA therapy alone [3,4,19,24], our 
patients received intensive consolidation 
chemotherapy. The cytogenetic remissions of 
the three patients, documented after consolida
tion chemotherapy, confirm the effectiveness of 
this treatment strategy. Our results agree weH 
with the favourable results of the recently pub
lished French/European APL trial reporting an 
event free survival of 79% after 12 months [12]. 
This study also demonstrated a significant 
advantage in event free survival of ATRA fol
lowed by intensive chemotherapy vs. chemo
ilierapy alone. This seems also comfirmed by 
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our results, where ilie only death occurred in the 
chemotherapy group [12]. 

We could demonstrate a eIear advantage of 
ATRA compared to conventional chemotherapy, 
because the duration of coagulopathy and of 
leukopenia as weH as the time to complete 
remission are eIearly shorter. Furthermore, the 
toxic side effects of chemotherapy are avoided 
and event free survival seems to be longer. Thus, 
ATRA reduces important risks in remission 
induction of APL - bleeding and infection. 
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Studies of 2-Chlorodeoxyadenosine (Cladribine) 
at St. Jude Children's Research Hospital 

Victor M. Santana, William R. Crom, and Raymond L. Blakle 

Introduction 

2-Chloro-2' -deoxyadenosine (2-Cd Cladribine) 
was first synthesized in the early 1970'S but did 
not undergo wide clinieal testing until the last 
decade. This purine analogue has shown potent 
oncolytie activity in a variety of adult lymphoid 
malignancies; in fact, many investigators 
regarded it as an antilymphocyte drug exclusive
ly [1-3]. Such perceptions grew from observa
tions that lymphocytes contain unusuaUy high 
concentrations of deoxycytidine kinase, the 
enzyme primarily (but not solely) responsible 
for the first step in phosphorylation of 2-CdA, 
whereas peripheral granulocytes have low con
centrations of the kinase. To the contrary, 
results of in vitro studies indieate that the 
purine analogue is rapidly phosphorylated by 
both myeloid ceUlines and leukemie blasts from 
patients with acute myeloid leukemia (AML), 
and that human ceU lines of myeloid origin, as 
weH as human peripheral monocytes, are quite 
sensitive to this agent [4-6]. 2-CdA is also toxie 
to ceHlines derived from solid tumors, although 
higher concentrations are needed to produce 
this effect. We were sufficiently encouraged by 
these findings to undertake, in 1987, a research 
program focusing on 2-CdA in pediatric 
patients. Here we review noteworthy progress in 
the laboratory and clinieal development of this 
agent and suggest possible applications for the 
future. 

Preclinicallnformation 

The concentration of 2-CdA that causes 50% 
inhibition of replicating T -lymphoblastie, B
lymphoblastie, or myeloid lines is 5 to 340 nM, 
depending on the ceU line but not the ceH lin
eage [4,5]. Resting human lymphocytes and 
monocytes (both normal and malignant) are 
killed by such concentrations of 2-CdA, but 
extensive ceU kill requires several days [7,8]. 2-
CdA is also toxic to ceHlines derived from solid 
tumors [9,11]. 

2-CdA is much more stable metabolieaHy 
than its parent compound, 2-deoxyadenosine, 
because it is a poor substrate for adenosine 
deaminase, the enzyme that catalyzes the first 
step in the catabolism of 2' -deoxyadenosine 
[4,9]. The purine analogue is rapidly taken up 
and phosphorylated by hematopoietic ceHlines, 
and by the peripheral blasts of patients with 
AML or acute lymphoblastic leukemia (ALL) 
[12]. Phosphorylation to the 5-monophosphate 
is carried out by deoxycytidine kinase, and the 
toxicity of the drug for ceHs of different origin 
was initiaHy proposed to correlate with the ratio 
of deoxycytidine kinase to deoxynucleotidase 
activity [7]. In a subsequent study of established 
hematopoietie ceHlines, however, there was lit
tle correlation between the steady-state intracel
lular concentration of 2-CdA triphosphate 
(CldATP) and sensitivity to the drug [5]. 
Similarly, there was no obvious correlation 
between the clinical responses of pediatrie AML 
and ALL patients to 2-CdA and the capacity of 

Departments of Hematology-Oncology, Pharmacokinetics, and Molecular Pharmacology, st. Jude Children's 
Research Hospital, Memphis, Tennessee, USA 



their leukemic cells to form the triphosphate of 
2-CdA in vitro [12). The mono- and triphosphate 
forms of 2-CdA accumulate in lymphoblastic 
and myeloid ceIllines to concentrations of 0.4 -
27 11M within 3 hours [5,12). Little is known 
about the metabolism of 2-CdA, except that 2-
chloroadenine has been identified in the plasma 
of patients treated with the analogue. In pedi
atric patients, 2-CdA appears to be cleared from 
the kidneys as unchanged drug [13). The 
monophosphate is cleared from leukemic cells 
in vitro with a half-life of 0.56-3.3 ho urs (mean, 
1.3 hours); the triphosphate has a half life of 
0.85-20 hours (mean, 2.5 ho urs) [12). 

2-CdA specifically inhibits DNA synthesis, 
both in cultured cells and in the organs of treat
ed mice [4,14). Consistent with these observa
tions, the nucleoside was found to arrest cells in 
culture at the G,-S interface [14). The triphos
phate of 2-CdA is a potent inhibitor of human 
ribonucleotide reductase, and the consequent 
drop in the pool of one of more of the deoxyri
bonucleoside triphosphates required for DNA 
synthesis may be one mechanism by which the 
growth of replicating cells is inhibited [15-17). 
However, because the synthesis of DNA in repli
cating cells exposed to 2-CdA decreases so 
rapidly, other important, more direct effects 
seem likely [15). One of these is the effect of 
CldATP on DNA polymerases. The purine ana
logue is incorporated into DNA by polymerases 
a or ß into positions normally occupied by 
dAMP [15-19). The most significant effect ofthe 
incorporation of CldAMP into the growing DNA 
chain seems to be on the subsequent addition of 
nucleotides [18,19]. Addition ofa single CldAMP 
residue to the primer by DNA polymerase ß 
decreases the rate constant for the addition of 
the next nucleotide to 2-?'Yo of that after dAMP 
addition, and further extension is negligible. 
Consecutive additions of 2-CdA residues by 
polymerase a progressively decrease the rate of 
subsequent chain extension, and after five con
secutive additions, extension virtually stops. 
Thus, chain termination due to CldAMP incor
poration into DNA may account for a major 
part of the cytotoxicity produced by 2-CdA. 

Much less is known about the mechanism by 
which 2-CdA kills quiescent (Go) cells. When 
normal human lymphocytes or monocytes are 
incubated with the drug at 0.1-100 IlM 2-CdA, 
DNA strand breaks begin to accumulate as early 
as 4 hours, and shortly thereafter the rate of 
RNA synthesis begins to decrease [8,20). By 8 

hours intracellular concentrations of NAD 
decrease, by 24 ho urs ATP levels drop signifi
cantly, and by 48 ho urs the cells show a marked 
loss of viability. At longer intervals (1-5 days) 
the unrepaired DNA damage triggers pro
grammed cell death (apoptosis), as indicated by 
the cleavage of DNA into nucleosome-sized 
multimers [21,22). This sequence of events has 
been interpreted to indicate inhibition of DNA 
repair by 2-CdA. Some evidence indicates that in 
the DNA of quiescent lymphocytes, single
strand breaks are continually being induced and 
repaired [23,24). Although this view has been 
challenged, the increase in strand breaks seen in 
resting cells treated with 2-CdA may weIl re fleet 
the inhibition of DNA repair [25). Since the 
accumulation of strand breaks and their repair 
is associated with the poly(ADP)ribosylation of 
nuclear proteins at the expense of NAD, the 
depleted levels of NAD and ATP in quiescent 
cells treated with 2-CdA may relate to this 
process. 

2-CdA substantially prolongs the survival of 
mice inoculated with L1210 leukemia, and in 
so me instances eradicates the disease entirely 
[4,14). 2-Bromodeoxyadenosine produces simi
lar effects in leukemia-bearing mice, and in a 
more extensive investigation the compound 
yielded a 58% eure rate in leukemic mice [26). 
Yet, the therapeutic effects of these two nucleo
sides are highly schedule dependent, such that 
eures are noted only when the drug is adminis
tered at an optimal dose every 3 hours on days 
1, 4, and 7 or days 1, 5, and 9 (total of 24 injec
tions). 

Clinical Studies 

Phase I, awte leukemia. Our phase I study in chil
dren with relapsed acute leukemia began in 1987 
and was completed in 1990 with 31 patients 
enrolled [6). Because ofthe schedule dependen
cy of the drug in murine models, a continuous 
intravenous 12o-hour infusion was selected as 
the clinical schedule. Myelosuppression was 
dose-limiting. At the highest dose level tested 
(10.7 mg/m2/day x 5), three of seven patients 
developed fatal systemic bacterial or fungal 
infections. Definite clinical responses were 
noted in three of 12 patients with AML who 
received the drug at doses ~ 5.2 mg/m2/day, 
with all patients (both ALL and AML) showing 
some evidence of oncolytic effects. No systemic 
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renal, hepatic or neurologic toxicities were iden
tified in this group of patients with relapsed or 
refractory acute leukemia. 

Phase I, solid tumors. In 1991 we began a phase I trial 
in children with recurrent solid tumors, starting 
at a dose of 7.0 mglm'/day, or 80% of the maxi
mal tolerated dose (MTD) in children with 
leukemia. To date, three children (two with neu
roblastoma, one with a sarcoma) have been treat
ed. Dose-limiting toxicity has not been reached, 
and the trial continues to accrue patients. 

Phase /I, relapsed acute leukemia. In view of the 
encouraging results observed in our phase I 
acute leukemia study, we performed a pilot 
study for children with acute leukemia in first or 
subsequent relapse [27]. Twenty-four patients 
with either AML (n=17) or ALL (n=7) were 
given continuous infusions of 2-CdA for 5 days 
at the MTD determined in our phase I trial, 8.9 
mg/m'/day. Eight (47%) of the 17 patients with 
AML had a complete hematologic remission, 
four after a single infusion. Two others had par
tial remissions. Of seven patients with ALL who 
received 2-CdA, one had a complete response. 
In another child, the drug eradicated leukemic 
blasts from the cerebrospinal fluid (CSF). 

Phase /I, previously untreated patients. To assess the 
effects of 2-CdA against newly diagnosed AML, 
we began a trial in 1991 in which 22 consecutive 
patients received a single 120-hour infusion of 2-
CDA - before the introduction of standard 
remission induction therapy [28]. Six patients 
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(27%) had complete hematologic remissions by 
a median of 21 days after treatment with the 
nucleoside (range, 14-33 days). Seven others had 
partial responses, yielding a total response rate 
of 59% (95% confidence interval = 36% to 79%). 
The times to recovery of neutrophil counts ~ 
500/mm3 and platelet counts ~ 50 x 103/mm3 

ranged from 17 to 31 days and from 0 to 28 days, 
respectively. The drug also eliminated leukemic 
blasts from the CSF in four of six patients tested. 
Severe but reversible myelosuppression and 
thrombocytopenia were noted in all patients. 
There were no unusual infections due to oppor
tunistic infections, although a single child devel
oped fatal disseminated aspergillosis. It may be 
important that lymphocytopenia developed in 17 
of 22 patients, persisting in nine until the time of 
bone marrow transplantation. Mucositis, a com
mon complication of anthracycline therapy, was 
not observed, nor were hepatic or neurologic 
toxicities. 

Since 1993, a second course of 2-CdA has 
been administered to patients who have had an 
initial reponse to the drug. To date, 10 addition
al patients have received this modified induction 
regimen, six of whom achieved a compiete 
response (Fig. 1, coIumns 2 and 3). 

Thus, as predicted from in vitra models, 
added drug exposure may allow greater accu
mulation ofDNA strand breaks and improve the 
clinical reponse rate. These preliminary results 
also suggest a higher response rate in patients 
with the Mo-M2 subtypes of AML, although 
analysis of Iarger numbers of patients is needed 
to substantiate this trend. 

n=10 

0 
'-_---L.. ____ -'-_-L-____ ...1-----1. ____ ---J'--P_ar_ti_al response 

One course One course Two courses 

Fig.1. Response rates of 2-CdA in de novo AML. Twenty-two patients received only a single course of 2-CdA 
(column 1); ten additional patients received two courses. The second and third columns depict the responses 
after the initial and subsequent courses in that subset of patients 
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Pharmacokinetics 

The pharmacokinetics of 2-CdA have been stud
ied in a relatively small number of patients. The 
data obtained thus far suggest that disposition 
of the drug is relatively slow. Plasma concentra
tions persist for several ho urs after drug admin
istration, in contrast to the rapid elimination of 
other nucleoside analogues such as cytarabine. 
These findings are consistent with the resistance 
of 2-CdA to catabolism by adenosine deaminase. 
Our group has studied 25 children with acute 
leukemia treated with a 120-hour intravenous 
infusion of 8.9 mglm2/day [131. The mean (SD) 
clearance, normalized to body surface area in 
these 25 patients, was 39.4 (12.4) 1!hr/m" with 
clearance ranging from 14.4 to 55.5 Llhr/m2• 

When normalized to body weight, the mean 
(SD) clearance was 1.44 (0.62) Llhr/kg and 
ranged from 0.31 to 2.43 Llhr/kg. The steady
state plasma concentration of 2-CdA ranged 
from 23.2 to 84.5 nM, with a me an (SD) of 37.7 
(17.3) nM and a median of 29.6 nM. The half-life 
of the terminal phase (tl/2 ß) for 22 patients who 
had plasma concentrations measured for at least 
12 hours after the end of the infusion was 19.7 
(3.4) hours, ranging from 14.3 to 25.8 hours. 2-
CdA appeared to distribute into a relatively 
large volume at steady state. In these children, 
the steady-state volume of distribution ranged 
from 32.0 to 799 Llm" with a mean (SD) of 356 
(225) Llm 2 and a median of 323 Llm2 • 

The measured mean renal clearance was 
51.0% of total systemic clearance in seven 
patients, but the percentage of total clearance 
accounted for by renal clearance ranged from 
11.0% to 85.1%. The fate of the remainder of the 
drug is unknown, as no metabolites have been 
identified in urine or plasma. One possibility is 
that residual amounts of 2-CdA bind to tissues 
or intracellular sites. Additional work is needed 
to determine the role and importance of nonre
nal clearance mechanisms. 

Concentrations of 2-CdA were also measured 
in the CSF of 10 patients, on either day 4 or day 5 
of the 5-day infusion. The mean (SD) CSF to 
plasma concentration ratio was 18.2% (10.0), 
with concentrations ranging from 1.68 to 14.75 
nM. Higher ratios were achieved on day 5 than 
on day 4 (22.?,Yo vs 7.6%). These values are simi
lar to the limited findings in adults (CSF concen
trations of 2.2 to 24.7 nM at drug doses of 0.1, 
0.15, and 0.2 mg/kg/day given by continuous 
intravenous infusion to three patients) [291. 

Transfer of 2-CdA into the CSF may be a "mem
brane-limited" process rather than a "flow-lim
ited" one, which suggests that the amount of 
drug reaching the CSF is directly related to the 
length of time a concentration gradient is main
tained between the plasma and the CSF. 

Taken together, these results suggest a poten
tial role for systemic 2-CdA therapy in the treat
ment of primary malignancies of the central 
nervous system, as weH as for meningeal 
leukemia. However, much more work is needed 
to identify the factors (plasma concentration, 
length of exposure, etc.) that influence the 
amount of drug reaching the central nervous 
system. 

Conclusions 

The unique mechanism of action of 2-CdA, 
including its activity against resting as weH as 
dividing cells, and its limited toxicity profile 
make it an attractive drug for further study in 
pediatric cancer patients. Future clinical chal
lenges will be to identify the tumor types for 
which 2-CdA is especially effective, to develop 
other schedules of administration that could 
produce fewer side effects with equally good or 
better therapeutic results, and perhaps most 
important, to devise drug combinations that 
would enhance the clinical utility of this novel 
compound. 
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Introduction 

2-chlorodeoxyadenosine (2-CDA) is a relatively 
new purine analogue selectively active against 
both resting and dividing lymphoid ceils. The 
compound has been synthetized by Kazi
mierczuk et al. in 1984 [1,2]. Its mode of action 
remains the subject of current investigations. 
Laboratory data suggest that 2-CDA inhibits 
DNA synthesis in human lymphoblastic cells [3]. 
It has been shown by Petzer et al. that 2-CDA 
pro duces a marked inhibition of myeloid prog
enitor and lymphocyte colony-forming cells in a 
dose dependent manner [4]. Cross-resistance 
studies reveal a correlation between 2-CDA and 
the alkylator nitrogen mustard but no correla
tion between 2-CDA and doxorubicin, vincristin 
nor cytosine arabinoside [5]. 

Clinical data. suggest that 2-CDA seems to be 
a drug of choice in the treatment of hairy-cell 
Ieukemia (HeL) and other lymphoid, as weil as 
myeloid malignancies [6,7]. Most of clinical tri
als with 2-CDA have been conducted in adults; 
experiences in children are still limited [7,8]. 
This report is to summarize our preliminary 
observations on the role of 2-CDA in the treat
ment of various lymphoid malignancies. 

Patients and Methods 

The study comprised 8 patients (5 males and 3 
females) aged 16-59 years (median 46 years), 
treated with 2-CDA since February, 1992. They 
were diagnosed as having: hairy-cell leukemia 

(HCL) - 3 patients, chronic lymphocytic 
leukemia (CLL) - 3 patients, and acute lym
phoblastic leukemia (ALL) - 2 patients. Two of 
them - 1 patient with HCL and 1 patient with 
CLL were previously untreated, while the rest 
were non-responders or at relapse. Clinical 
characteristics of patients is given in Table 1. 

2-CDA was given as a continuous infusion in 
the dose of 0.1-0.15 mg/kg/day for seven days, 
either alone or in combination with other agents 
(bleomycin, methylprednisolon). Observation 
was closed on November, 1993. The follow-up 
time was within the range of 3-20 months 
(median 8 months). Details of treatment are 
given in Table 2. 

Results 

Clinical remission, lasting from 2 to 19 months 
(median 5 months) was achieved in 6 patients: 3 
with HCL and 3 with CLL. This could be proven 

Table 1. Clinical characteristics of patients 

Patient 

2 

3 
4 
5 
6 

7 
8 

Age 

49 
46 
42 
46 
59 
59 
16 

42 

Sex Diagnosis 

F relapsed HCL 
F reiapsed HCL 
M HCL 
M refractory CLL 
M CLL 
F reiapsed CLL 
M refractory ALL 
M refractory ALL 

I Pediatric Department* and Clinic ofHematology, Pomeranian Medical Academy, 7'-344 Szczecin-Poland 



Table 2. Treatment results and its side effect 

Clinical 
Patient Treatment remission Follow-up 

2CDA/7 days YES 5 mo. 

2 2CDA/7 days YES 19mo. 

3 2CDA/ 7 days YES 4mo. 
4 2CDA/7 days YES 2mo. 

2CDA/7 days YES 5 mO. 

6 2CDA/7 days YES 7mo. 
2CDA/ydays 

7 + bleomycin NO lmo. 
2CDA/ 7 days + 

8 methylprednisolon NO lmo. 

by histology only in 3 cases: complete remission 
was observed in 1 patient with HCL, partial 
remission in 1 patient with HCL and in 1 with 
CLL. There was no histologie remission in third 
patient with HCL; bone marrow sampies, 
obtained by trephine biopsy revealed persistent 
infiltrates of leukemie celis. Two patients with 
relapsed ALL did not respond to 2-CDA. Two 
patients were not histologically evaluated. 

One of ALL patients, who did not respond to 
2-CDA became pancytopenic and died of sepsis 
within 6 weeks from therapy. Leukopenia was 
the most common side effect, seen in 5 of 8 
patients. This was complicated by infectious 
episodes in 3 cases (septieaemia, pneumonia, 
HZV infection). Trombocytopenia was observed 
in one patient. One patient developed maculo
papular rash on the skin of his face and chest. 
Results of treatment and its side effects are pre
sented in Table 2. 

Discussion 

Management of lymphoid malignancies has 
changed during last two decades. The introduc
tion of new drugs has significantly improved 
prognosis for patients with hairy cell leukemia 
and other lympho-proliferative disorders. One 
of this drugs: 2-chlorodeoxyadenosine (2-CDA) 
appears like a very promising compound in 
patients with hairy celileukemia, chronie lym
phocytie leukemia and low grade lymphomas 
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Histology Side effects 

leukopenia 
PR trombocytopenia 

HZV infection 
CR leukopenia 
no leukopenia 
remission pneumonia 
not none 

evaluated 
not none 

evaluated 
PR leukopenia 
no 
remission leukopenia 
no pancytopenia 
remission septicaemia 

death 

[6, 9, 10]. The overall response rate in patients 
with HCL reaches 95% and the complete remis
sion rate 82%. 2-CDA remains an experimental 
therapy, but its higher response rate and ease of 
administration may make it the first line treat
ment of choiee [u]. Our observations seem to 
confirm this opinion; 2 of our patients with 
HCL, both with relapsed disease responded clin
ieally to 2-CDA. Moreover, one of them has 
entered complete hematologie remission, lasting 
19 months. 

Nucleoside analogs are also of value in the 
treatment of chronie lymphocytie leukemia. 
Juliusson et al demonstrated that a total 
response rate of 67% could be achieved with 
limited toxicity in 18 patients with CLL [12]. 
Similar results were reported by Kay et al. They 
also noted that histology and prior therapy his
tory did not seem to correlate with responses 
[13]. In our observation all 3 patients with CLL, 
including 1 with refractory and 1 with relapse d 
disease responded to 2-CDA. 

This is not surprising that 2 patients with 
refractory ALL did not respond to 2-CDA. 
Refractory or relapsed all is still a disease of 
poor prognosis, even in children. Santana et al. 
demonstrated that the oncolytie response to 2-
CDA is dose-dependent and that continuous 
infusion is necessary to maintain the desired 
plasma concentration [8]. Two reported patients 
were given continuous infusion of 2-CDA in 
standard doses of 0.15mg/kglday, whieh could 
be not sufficient to produce a clinieal response. 



Most of reports underline a relatively low 
toxicity of 2-CDA. Even at higher doses a pro
hibitive nonhematologic toxicity does not occur 
[8]. Myelosuppression with leukopenia and 
trombocytopenia are the most common side 
effects [4, 12, 13]. This always carry a risk of 
overwhelming infections. The major reported 
morbidity associated with the use of 2-CDA are 
infections associated with neutropenia [14]. One 
of reported patients died of septicaemia, but his 
death could not be directly related to myelosup
pressive effect of 2-CDA; he died in the phase of 
progressive disease. We also observed a case of 
HZV infection. Opportunistic infections seen in 
patients with lymphoid malignancies are proba
bly related to the hypo-gammaglobulinaemia a 
T-cell immunodeficiency, which can be aggra
vated by the nucleoside analogs. 

It seems to us that our preliminary observa
tions confirm the opinion that 2-CDA is of clini
cal value in the treatment of HLC and CLL at 
different stages of disease. 
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Cytarabine Odosfate, a New Oral Ara-C Analogue, in the Treatment 
of Acute Leukemia and Myelodysplastic Syndromes 

Ryuzo Ohno and YNK-01 Study Group 

Abstract. Cytarabine ocfosfate (l-ß-D-arabinofu
ranosylcytosine-5' -stearyl-phosphate, YNK-Ol) 
is a prodrug of Ara-C, and is slowly converted to 
Ara-C in the liver, releasing Ara-C into the 
blood over a prolonged period. It is resistant to 
both cytidine deaminase and phosphodi
esterase. Its activity does not depend on the 
administration schedule and route, and unlike 
Ara-C, single administration is as effective as 
daily administration. YNK-01 is the first com
mercially available oral derivative of Ara-C in 
Japan. Phase I studies by single or 5-day consec
utive oral administration revealed dose-depen
dent plasma levels of Ara-C, and the 
dose-limiting toxicities were thrombocytopenia 
and gastrointestinal side effects. Five daily oral 
administrations of 100 mg of YNK-01 gave con
tinuous plasma Ara-C levels at around 1 ng/ml 
on day 1, and 2 to 4 ng/ml on day 5, plasma Ara
C was detected up to day 7. A phase 11 study 
with oral daily administration of 100-450 mg 
resulted in 2 CR (3%) and 10 PR (18%) in 58 
evaluable patients with previously-treated AML, 
acute leukemia from MDS, CML-BC, hypoplas
tie acute leukemia or ALL, and 2 CR (4%), 6 GR 
(13%) and 5 PR (11%) in 45 evaluable patients 
with RAEB, RAEB-T and CMMoL. Major toxie 
effects were myelosuppression and gastroin
testinal toxicity, induding anorexia (35%), nau
sea/vomiting (19%), diarrhea (9%), malaise 
(18%), and elevation of GOT/GPT (9%), LDH 
(6%) andALP (4%). 

In spite of such disadvantages as unpre
dietable absorption due to nausea/vomiting, this 
newly developed orally administrable Ara-C 

analogue will be useful for leukemia, to whieh 
low-dose Ara-C is indieated, such as MDS and 
acute leukemia in eldedy patients. 

Introduction 

1-ß-D-arabinofuranosylcytosine (cytarabine) is 
one of the most effective drugs for the treatment 
of acute myeloid leukemia (AML) [1, 2]. Since 
cytarabine is rapidly deaminated to an inactive 
metabolite in vivo, a great deal of effort has been 
devoted to converting cytarabine into a com
pound which resists cytidine deaminase or is 
slowly metabolized to cytarabine. Recently, a 
series of phosphorylated cytarabine analogues 
were synthesized bl. The derivatives having a 
long alkyl group on the phosphate moiety of 1-ß
D-arabinofuranosylcytosine-5' -monophosphate 
were found to be effective against 11210 
leukemia in mice. 1-ß-D-arabinofuranosylcyto
sine-5'-stearylphosphate (cytarabine ocfosfate, 
YNK-01) (Fig. 1) having stearylphosphate as 
alkyl group, exhibited the most potent antitu
mor activity, and was proved to be slowly con
verted to cytarabine in the liver, releasing 
cytarabine into the blood over a prolonged peri
od [4]. 

Phase I dinical and pharmacokinetic study of 
YNK-01 by single or 5-day consecutive oral 
administration revealed dose-dependent plasma 
levels of cytarabine, and the does-limiting toxic
ities were thrombocytopenia and gastrointesti
nal side effects [5]. In this paper the results of 
the phase 11 study of YNK-01 for patients with 
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Fig 1. Cytarabine ocfosfate (YNK-Ol) and cytarabine 

acute leukemia [6) and myelodysplastic syn
dromes [MDS) [7) in a multicenter study are 
summarized. 

Patients and Methods 

Patients with refractory AML, refractory acute 
lymphoblastic leukemia (ALL), blast crisis of 
chronic myeloid leukemia (CML-BC), acute 
leukemia which had derived from proven MDS 
(MDS-AL), hypoplastic acute leukemia, and 
MDS with more than 5% blasts in the bone mar
row were entered to this study from 35 hospitals 
throughout Japan. Cytarabine ocfosfate (YNK-
01) was supplied by Yamasa Shoyu CO. Ud. and 
Nihon Kayaku CO. Ud. in capsules containing 
25, 50 or 100 mg of fosteabine. The drug was 
given orally after meals two or three times daily 
for 14 to 28 days untilleukopenia « 1,500!cmm) 
or thrombocytopenia « 30,000/cmm) appeared. 

The response for acute leukemia was evaluat
ed by the standard criteria. The response for 
MDS was evaluated by the scoring method (7); 
complete remission (CR) if the total points came 
to 75 or more with less than 5% blasts in the 

YNKOI Ara-C 

bone marrow, good response (GR) if the points 
came to 50 or more, partial response' (PR) if 25 
to 49 points were scored, and minor response 
(MR) if there was a score of 10 to 24. The 
response should be sustained for at least 4 weeks 
for CR and GR, and at least 2 weeks for PR. 

Results 

Fifty-eight patients with acute leukemia and 62 
patients with MDS were evaluated for response. 
Patients' age ranged from 18 to 88 years with a 
median of 62 years. Among patients with acute 
leukemia, there were 23 AML, 17 MDS-AL, 9 
CML-BC, 5 ALL and 4 hypoplastic leukemia. 
Starting daily doses were 100 mg in 14, 150 to 20 
mg in 23, 200 to 300 mg in 16, and 400 to 450 mg 
in 5 cases. Among patients with MDS, there were 
18 refractory anemia with excess of blasts 
(RAEB), 23 RAEB in transformation (RAEB-T) 
and 4 chronic myelomonocytic leukemia 
(CMMoL). Starting daily doses were 25 mg in one 
patient, 50 mg in 2, 100 mg in 22, 150 mg in one, 
ioo mg in 28, 300 mg in 7 and 600 mg in 1 case. 

The treatment results for acute leukemia are 
shown in Table 1. Among 58 evaluable patients, 

Table 1. Treatment result ofYNK-ol in acute leukemia 

Response 

Diagnosis No. of cases CR PR MR CR CR+PR 

AML 23 2 20 9% 13% 
MDS-AML 17 12 0% 29% 
Hypoplastic Leukemia 4 0% 25% 
CML-BC 9 2 7 0% 22% 
ALL 4 0% 20% 

Total 58 2 10 46 3% 21% 

429 



Table 2. Treatment result ofYNK-Ol in myelodysplastic syndromes 

Response 

Type No. of cases CR GR PR 

RAEB 18 2 
RAEB-T 23 1 4 3 
CMMoL 4 0 0 

Total 45 2 6 

2 (3%) achieved eR and 10 (17%) obtained PR. 
eR was obtained only in AML. Days required to 
reach PR were 49 ± 31 (mean ± standard devia
tion) days, and to eR were 50 ± 19 days. PR last
ed for 31 ± 28 days, and eR for 46 ± 44 days. eR 
was obtained in patients receiving more than 
200 mg/day, while PR was reached with doses 
from 100 to 450 mg/day. 

The treatment results for MDS are shown in 
Table 2. Among 45 evaluable patients, 2 (4%) 
achieved eR, 6 (13%) GR, 5 (u%) PR and 8 (18%) 
MR. Days required to reach PR, GR and eR were 
29 ± 27, 70 ± 45 and 87 ± 22 days, respectively, 
PR, GR and eR lasted for 80 ± 58, uo ± 61 and 
208 ± 202 days respectively. eR was obtained in 
patients receiving 150 or 200 mg/day, while GR 
and PR was reached with 100 mg/day. 

Myelosuppression was observed commonly. 
The nadir of myelosuppression was reached 
around 3 weeks after the start of therapy and 
returned to the pretreatment levels 2 to 4 weeks 
after the cessation of therapy. Anemia was most
ly macrocytic in nature. Other toxicities includ
ed nausea/vomiting in 19%, anorexia in 35%, 
and diarrhea in 9%, mild elevation of GPT in 9% 
and mild elevation of LDH in 6%, although 
direct correlation to YNK-01 of the latter two 
was not clear. GI toxicities were not entirely 
dose-dependent in all patients. However, they 
were apparently dose-dependent in individual 
patients, because they became milder when the 
daily dose ofYNK-Ol was reduced. 

Discussion 

Since YNK-01 exerts its antitumor activity by 
both parenteral and oral administration, and the 
minimal effective dose after oral administration 
was only about twice that obtained with 
intraperitoneal injection in mice [8], it has been 
introduced clinically as an oral form. A phase I 
study was performed by a single or by 5-day 
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administration, and revealed that the dose-lim
iting toxicities were thrombocytopenia and gas
trointestinal side effects [5]. Maximal tolerated 
dose was 900 mg for the 5-day administration. 
The pharmacokinetic study in the single oral 
administration of 800 mg of YNK-01 dem on
strated that the cytarabine derived from it 
reached its maximal plasma level of 3.4 ng/ml 24 
hours after the administration, and that the 
plasma half life of cytarabine was 20.9 ho urs. In 
the 5-day oral administration (300 mg), the 
cytarabine concentrations were maintained at 
levels ranging from 1 to 5 ng/ml during and until 
2 days after the administration [5]. These results 
indicated that the blood levels of cytarabine 
after oral administration of YNK-01 might cor
respond to the blood levels of cytarabine 
achieved by low-dose (15 to 20 mg/day) continu
ous infusion of cytarabine. 

The effect of YNK-01 in acute leukemia and 
MDS was observed when it was given at a dosage 
of 100 to 450 mg for more than 14 days. Long
term daily use of YNK-01, however, may not be 
advisable, because of the development of macro
cytic anemia. Therefore, for such acute leukemia 
as in elderly patients who require no cure-ori
ented therapy, YNK-01 may be useful, if it is 
given at starting doses of 200 to 300 mg for 
around 2 to 3 weeks, and then restarted after the 
recovery of myelosuppression with an interval 
of 2 to 3 weeks. And also for fairly slowly pro
gressive disease like MDS, YNK-01 may be use
ful, if it is given at starting doses of 100 to 200 
mg for around 2 to 3 weeks, and then restarted 
after the recovery of myelosuppression with an 
interval of 2 to 3 weeks. 

A disadvantage or oral forms of drugs is the 
unpredictable absorption in any individual 
patient. Although the pharmacokinetic study of 
YNK-01 in the phase I study showed a dose
dependent plasma level [5], actual absorption 
apparently would have varied in individual 
patients, since 20% of ilie patients vomited and 



9% had diarrhea after the oral intake ofYNK-ol. 
Besides, the drug is supplied in capsules, the 
blood levels of the active form, cytarabine, would 
vary according to the body surface area of indi
vidual patients. In spite of these disadvantages, 
YNK-01 will be a useful drug in the treatment of 
certain types of malignancies including MDS and 
acute leukemia in elderly patients, to which con
tinuous infusion or twice a day injections of low
dose cytarabine are sometimes indicated, and for 
which hospitalization is not necessarily required. 
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Tumor Immunotherapy by IL-2 and IL-2 Gene Transfected Cells 

A. Lindemann, F. M. RosenthaI, A. Mackensen, H. Veelken, P. Kulmburg, M. Lahn, and R. Mertelsmann 

Introduction 

Tumortherapy is based on a variety of treatment 
modalities. Directly operating cytoreductive 
approaches are designed to work either locally 
like surgery or radiotherapy, or systemically like 
cytotoxic drugs. Other ways of treatment are 
going to exploit the interaction of tumor and 
host. They are designed to block the host supply 
of hormones and growth factors the tumor relies 
on, to inhibit angiogenesis, or to recruit the 
intrinsic host defense system. The latter is trans
lated into practice by immunotherapy that has 
made considerable progress recently. Aside from 
using monoclonal antibodies against tumor 
associated antigens (TAA) to mediate tumor 
cytotoxic effects, various approaches to recruit 
cytotoxic lymphocytes have been worked out. 

Immunotherapywith IL-2 

The availability of cytokines like IL-2 made it 
possible to modulate the function of immuno
competent cells and to induce cytotoxic lym
phocytes capable to kill tumor cells in vitro. 
High dose IL-2 and IL-2 induced CD3-CD56+ 
NK cells, so called lymphokine activated killer 
(LAK) cells induced tumor regressions in vari
ous mouse tumor models. In humans this thera
py was found to be active in selected tumor 
types especially renal cell carcinoma and malig
nant melanoma. About 15% of these patients 
responded with partial remissions, however, 
complete remissions were not but occassionally 

observed [1-4]. The limited efficacy ofhigh-dose 
IL-2 therapy may be due to the fact that cytotox
ic T -lymphocytes (CTL) are not readily induced 
but may even be inhibited in their function [5]. 

The appropriate recruitment of CTL, how
ever, may be of major importance since TAA 
recognized by CTL have been identified and 
shown to be involved in tumor regression in 
mice and humans [6-8]. An adoptive transfer of 
these cells in mice has been shown to specifically 
protect from challenge with specific tumor and 
mayaiso mediate regression of the established 
neoplasms [9,10]. In patients bearing tumors 
however, the malignant cells gene rally grow 
although T AA specific CTL are circulating in 
the peripheral blood [11]. Thus, it is a major 
question, how to recruit or induce autoreactive 
eTL specific for T AA and capable to kill tumor 
cells. 

Since it is well known from in vitro experi
ments that low concentrations of IL-2 may pref
erentially stimulate eTL while the continuous 
presence of high concentrations induces IL-2 
receptor downmodulation and unresponsive
ness of T cells [12], we decided to use very low 
amounts of IL-2 for immunotherapy. Indeed we 
found that once daily subcutaneous (s.c.) 
administration of IL-2 (1,8 X 105-4,5 x 106 IU/m2; 

Fig. 1) had stimulatory effects on T ceH number 
and function as shown by cytokine release, sur
face marker expression and DTH responses as 
reported previously [13,14]. Intermittant admin
istration, designed to prevent tolerance in duc
tion was found to be most appropriate for T ceH 
activation. The specific role of scheduling of IL-2 
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Fig.l. Time frame of diagnostic proeedures (open drele) and therapy (blaek reetangle) in strata 1,H and III. A 
single dose of lL-2 was administered daily, onee weekly, 4 doses (stratum 1); thriee weekly every other day, 9 
doses (stratum II); 5 times weekly every other week (stratum III). Three dose levels of lL-2 (A,B,C) were adminis
tered: 0.18, 0.9, and 4.5 MIU/m' resulting in 9 treatment groups (lA, IB, lC, HA, ... IIIC). Serum eolleetions for 
eytokine and soluble reeeptor assays were done as indicated (open drele: onee daily before start of therapy; 
hatehed drele: every 8 hours) 

is exemplified by the cytokine profile that 
differed considerably in patients treated thrice 
weekly every other day (Stratum II) from those 
treated sequentially for 5 days every other week 
(Fig. 1). While cytokine levels didn't increase in 
the third week of therapy in Stratum II or even 
decreased (sCD8, neopterin) despite continua
tion of therapy, some sort of priming was 
observed for sCD8 and Neopterin in patients 
treated according to Stratum III (Fig. 2). Only 
sTNF-RI levels exhibited an opposite profile in 
these patients. However, despite considerable 
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activation of immunocompetent ceIls, this 
approach did not result in an improvement of 
therapeutic efficacy [131. 

This outcome might be explained by the most 
re cent model of T cell activation that describes 
the requirement of at least two signals for acti
vation [151. The first signal is provided by the T 
cell receptor (TCR) which binds the appropriate 
MHC presented peptide. The seeond signal for 
naive T cells is mediated by costimulatory mole
cules such as CD28 binding to CD80 (B7) on the 
target cell. For antigen specific CTL precusors 
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Fig.2A-D. Serum levels ofTNF-a (Al, sTNF-RI (B), neopterin (Cl, and sCD8 (D) at 4.5 MIU/m' IL-2 adminis
tered daily for 5 days every other week (stratum IIl) or thrice weekly every other day for 3 weeks (stratum II). 
Values represent means of at least 4 patients ± SEM 

(p) IL-2 may be the appropriate second hit. 
Thus, systemic administration of IL-2 that binds 
to T ceHs devoid of signal 1 is inadequate for 
stimulation and may even render T cells suscep
tible for apoptosis especially at high er doses. 
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Tumor Vaccination with Gene 
Transfected Cells 

For successful activation of T cells, the costimu
latory signal (signal 2) has to be provided to a 
CTL that binds a TAA (signall) on the tumor 



Tumor 
6 

free 
Mice Renca/IL-2 5 

4 

3 Renca/Mock 

2 

OL-________________ ~ ____________________ ~R~e~n~c=a __ 

o 3 6 9 1215182124273033363942454851545760 
Days 

Fig. 3. Growth of Renca tumors in Balb/c mice after inocculation of 10' parental tumor cells in three animals 
(Renca) compared to a similar number of cells transfected with an IL-2 gene (Renca/IL-2; 24 oooIU IL-2/1O" 
cellsh4h) or a mock construct in six mice each 

cens itself or on a professional antigen present
ing cen (APC). In order to meet these require
ments Leder et al. and several other groups have 
transfected tumor cens with genes for T ceH 
stimulatory molecules like IL-2, IL-4, IL-7, B7 
and others [16-18]. These transfected tumor ceHs 
were found to be rejected and capable to induce 
tumor specific immunity. Immunized animals 
rejected later inocculated parental tumor ceHs 
by means of tumor specific CTL. However, the 
outcome of these studies was found to be highly 
dependent on the tumor model and the mole
cules transfected. In a lot of cases the effects 
could be mimicked by just using irradiated 
tumor cells for immunization [19,20). 

We studied the CMS5-fibrosarcoma that was 
transfected by electroporation with an IL-2 gene 
to produce 400 IV IL-2/1Q6 cells/24h. By inoccu
lating 125.000 or 250.000 cells 0/3 and 1/3 mice, 
respectively developed a late occuring tumor, 
while an animals inocculated with parental 
malignant cells formed rapidly growing neo
plasms. Since a higher amount of IL-2 at the vac
cination site may even be more effective, we 
looked for a technique to achieve a more potent 
expression of the gene of interest. This was possi
ble by using the receptor mediated gene transfer 
(RMGT) described by Cotton et al. [21]. It is 
based on inactivated adeno virus particles being 
linked by polylysine to a tranferrin ligand and the 
DNA of interest. The transfected DNA enters the 
nucleus at up to 50 copies, therefore expression is 
very high. However, due to an episomallocaliza-

tion expression is transient and decreases gener
ally within 1-3 weeks down to base line levels. 

Murine fibroblasts and renal cell carcinoma 
cens of the murine Renca tumor produced up to 
50.000 IU of IL-2/1Q6 cens/24h after receptor 
mediated IL-2 gene transfer with a decrease of 
expression down to 1.000 U on day 7. The IL-2 
transfected Renca cens induced a major protec
tion in mice with 5/6 rejecting the inoculum of 
malignant cens, while all animals treated with 
parental tumor cens developed rapidly growing 
tumors (Fig. 3). Mock transfected cens also 
mediated a certain degree of protection, proba
bly due to the induction of neo-antigens by the 
transfection construct. 

Interestingly so me of these tumor models 
also work, when IL-2 is provided in a paracrine 
mode by bystander cens. Transfected fibroblasts 
admixed with tumor cens are highly effective in 
the M3 melanoma model with respect to rejec
tion and induction of specific immunity as evi
denced from studies by the group of Cotton 
et al. (personal communication). Bystander 
fibroblasts as a source of IL-2 that have also 
been studied by Lotze et al. [22] are more suit
able in the clinical setting since transfection of 
primary human tumor cens is difficult and high
ly variable due to profound differences in the 
susceptibility of individual tumors. 

Given the fact that induction of anti-tumor 
immunity has been demonstrated by different 
groups in mouse tumor models, we set off to 
develop a phase I clinical protocol. It is designed 
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to use autologous tumor cells admixed with IL-2 
transfected autologous or allogeneic fibroblasts 
as a source of IL-2. The cells will be mixed and 
irradiated with 100 Gy before being injected S.c. 
three times at 2 week intervals and as aboost 
one month later (Fig. 4). Tumor cells are pre
pared from renal cell carcinoma or melanoma 
biopsies as single cell suspensions. About 
106_10 7 cells are generated per gram of tumor 
tissue and used after first passage for vaccina
tion. Having worked up more than 50 tumor 
specimens, about 40% were found to generate 
enough cells for vaccination. 

Fibroblasts are prepared from skin biopsies 
with 5 x 105 cells being released from lcm2 • The 
cells grow in culture with a doubling time of 4.3 
days to more than 10" cells within 10 weeks [23]. 
While preparation of fibroblasts is easily 
achieved, stable transfection of these primary 
cells by physical methods is of very low efficacy. 
Therefore we are currently using a transfected 
human fibroblast cellline as a paracrine source 
of IL-2 until transfection of autologous fibro 
blasts is feasible. So far three patients have been 
vaccinated according to this approach without 
systemic toxicity. Therapeutic effects and specif
ic immune responses are currently analysed. 

Prospects 

So far the role of tumor vaccination in humans 
remains to be defined. The major issue concerns 
efficient stimulation of autoreactive CTLs in the 
tumor bearing host capable to exert tumor spe
cific cytolytic effects. It is unknown whether 

these cells have to be induced at the tumor or 
vaccination site in contact with viable tumor 
cells or whether antigen presentation via profes
sional APCs in the lymphnode is essential to pro
duce Th j cells as aprerequisite for efficient CTL 
generation. In the latter case it might be advanta
geous to use professional APCs in the vaccine as 
suggested by work ofLevitzky et al. [24]. 

Another aspect relates to the tumor mass as a 
parameter of response. From the mouse model 
it is quite clear that tumor immunotherapy is 
more likely to be efficient the sm aller the tumor 
is [25]. Elegant studies by Riethmüller et al. [26] 
have substantiated this notion by demonstrating 
therapeutic effects of a complement bin ding 
monoclonal antibody directed against an epithe
lial antigen on colon carcinoma cells. In the situ
ation of minimal residual disease (MRD) an 
improvement of overall survival was shown in 
this randomised study. Thus, MRD or the adju
vant situation is probably the setting of choice 
for immunotherapy. 

Finally it has to be considered that standard 
vaccination with tumor lysates was shown to be 
most effective after previous cytotoxic treatment 
[27]. Whether this might be due to elimination 
of suppressor T cells or rather due to a shift in 
the ratio of Thl/Th2 hel per T cells remains to be 
defined. The use of short term cyclosporine to 
induce GvHD like symptoms and perhaps graft 
versus tumor effects points the same direction. 
A means to provide minimal residual disease 
and a permissive environment for autoreactive 
T cells is chemotherapy. Thus, a favorable set
ting for tumor vaccination may be after high 
dose chemotherapy with or without peripheral 

5x 1 0
6 T~a~~~fogous) ) 

5x 1 06 Fb (autolgous/allogeneic) 

Mix ---. ~1 00 Gy 
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Fig. 4. Schedule for vaccination with irradiated autologous tumor cells and IL-2 gene transfected fibroblasts. 
Cells are injected subcutanuously (s.c.) while a minor proportion is given intradermally (i.d.) to monitor specific 
delayed type hypersensitivity reactions 
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blood stern cell transplantation to achieve maxi
mal tumor reduction on the one hand and an 
immunological environment that allows optimal 
induction and expansion of autoreactive CTL 
with tumor specificity on the other hand. The 
feasibility of this approach will be tested in the 
near future. 
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Abstract. A focus of our investigations is to iden
tify and study the biological activities and mech
anism of action of novel vitamin D3 analogs and 
retinoids. Our model system is clonal prolifera
tion and differentiation of hematopoietic cells 
in vitro. All-trans-retinoic acid and 9-cis
retinoic acid are naturally occurring ligands of 
the nuclear retinoic receptors (RARs). In con
cert with bin ding of ligand, these receptors form 
heterodimers with the retinoic X receptor 
(RXR), and transactivate RAR/RXR-responsive 
genes. Synthetic ligands to the RAR and RXR 
receptors have been developed that selectively 
bind and activate RAR/RXR (TTAB) and 
RXR/RXR dimers (SR1l217). We investigated the 
effect of these ligands either alone or in combi
nation on clonal growth and differentiation of 
leukemic promyelocitic cell line HL-60 and 
AML blasts from patients. TTAB inhibited 50% 
clonal growth at an effective dose (ED50) of 
5 x 10-9 M for HL-60 and 8 x 10- 8 M for AML 
blasts. SR1l217 at 9 x 10- 6 M was necessary to 
achieve an ED,o for HL-60 cells and an ED,o for 
AML blasts was not reached. Combinations of 
both ligands showed no synergistic effects. Para
meters of differentiation were also examined. 
Results paralleled those of clonal growth, show
ing that ligands selective for RXR-homodimers 
have little effect on either induction of differen
tiation or inhibition of clonal growth of 

leukemic cells. The differentiative and antipro
liferative effects of retinoids on hematopoietic 
cells are mainly induced through RAR/RXR het
erodimers, and development of therapeutic 
analogs should focus on this category of 
retinoids. 

A variety of vitamin D3 analogs were also 
analysed. The 1,25-dihydroxY-20-epi-vitamin D3 
[1,25(OH),D3-20-epi-D,l showed extraordinary 
activity; at lO- n M, it inhibited clonal growth of 
87% of HL-60 myeloblasts, 60% of S-LBI 
(HTL V -1 immortalized human T -lymphocyte 
cell line) and 50% of leukemic clonogenic cells 
(CFU-L) obtained from patients with AML. 
Neither 1,25(OH),D3 nor 1,25(OH)2-20-epi-D3 
affected clonal proliferation of a HTL V-I immor
talized human T lymphocyte celliine (Ab-VDR), 
having non-functional 1,25(OH),D3 cellular 
receptors (VDR). The activity of 1,25 (OH)2-20-
epi-D 3 to induce differentiation of HL-60 cells as 
measured by generation of superoxide and non
specific esterase production, paralleled its 
antiproliferative activities. In contrast, this ana
log stimulated CFU-GM growth from normal 
human bone marrow. This analog appears to 
generate biological responses via the classical 
VDR pathway. Future studies should be directed 
to the identification of new compounds with 
greater differentiating abilities and less toxicity 
and to combined use of differentiating agents. 
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Introduction 

Conventional chemotherapy of hematologic 
malignancies is associated with severe complica
tions. The successful treatment of aeute promye
locytic leukemia (APL) with all-trans retinoic 
acid (ATRA) showed that triggering malignant 
promyelocytes towards terminally differentiat
ed, non-dividing cells provided an effective 
method of inducing aremission without life
threatening side-effects [1-3]. In addition to 
retinoids, other ligands of the steroid-thyroid 
receptor superfamily, such as members of the 
vitamin D} family, also have cytodifferentiating 
actions in model system. A foeus of our study is 
to identify and study the biological activities and 
mechanism of action of novel vitamin D} 
analogs and retinoids. Our model system is 
clonal proliferation and differentiation of 
hematopoietic cells in vitro. 

Retinoids. Play a critical role in hematopoesis. 
Selective vitamin A (retinol, Fig. 1) deficiency 
induces anemia in humans and rats that is 
reversible by readministering retinol [4-6]. Re
tinol and its aldehyde derivative, retinal (Fig. 1) 
are relatively poor inducers of differentiation 
and inhibitors of proliferation of leukemic cells 
[7-8]. Oxidation of the polar terminus of these 
two retinoids to a carboxyl group yields ATRA, 
whereas oxidation and isomerization about the 
double bond adjacent to this group provides 13-
cis-retinoic acid (I3-cis-RA). Each of these 
retinoids is an effective modulator of 
hematopoiesis, being capable of inducing 50% 
of HL-60 cells to differentiate (ED5) at 10-7 M 
[7]. Among the naturally occurring retinoids, 
ATRA has been considered to have the most 
potent affect on hematopoiesis. Incorporation of 

the double bonds of the side-chain into aromat
ic rings such as those of TTAB (Fig. 1) enhances 
the capacity of a retinoid to induce differentia
tion of HL-60 and other leukemic cells [8]. 

Cellular responsiveness to retinoids is con
ferred through two distinct classes of nuclear 
receptors, the retinoic acid receptors (RARs) 
and the retinoic X receptors (RXRs). The ATRA 
binds to RARs, but apparently does not bind 
RXRs [9]. The 9-cis-retinoic acid (9-cis-RA) 
(Fig. 1), a naturally occurring retinoic acid dou
ble-bond isomer, appears to be the ligand for 
RXR. For example, 9-cis-RA in conjunction with 
RXR transactivates a target gene up to 40 times 
more efficiently than does ATRA [10-11]. It also 
binds efficiently to RAR. Studies suggest that 9-
cis-RA may be slightly more potent than ATRA 
in inhibiting the proliferation and inducing the 
differentiation of leukemic cells, as well as stim
ulating the clonal growth of normal myeloid 
committed stern cells in vitro [12-13]. For effec
tive DNA binding and transactivation, the RARs 
must heterodimerize with RXRs [14-20]. In 
addition, RXRs form homo dimers that have 
response element specificities that are distinct 
from those of RAR/RXR heterodimers [21]. This 
suggests that the two pathway of retinoic res
ponse could activate distinct sets of genes. 
Therefore, retinoids that selectively bind and 
activate either RAR/RXR or RXR/RXR could 
have a unique range and potency of action on 
hematopoietic cells. 

Recently, retinoids have been synthesized 
that can selectively activate RXR homod
imers, but do not necessarily affect RAR/RXR 
heterodimers [22]. The 4-[2-Methyl-I-(5,6,7,8-
tetrahydro-5,5,8,8-tetramethyl-2-nap htalenyl)
I-propen-I-yl] benzoie acid (SR112I7) is one of 
the more potent RXR/RXR-binding analogs 

~ 
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(Fig. 1). This analog now allows us to define if 
myeloid leukemic differentiation is specifically 
induced by either the RXR homodimer or 
RAR/RXR heterodimer response pathway. This 
question is of strategical importance in the 
development of therapeutic analogs. 

Vitamin D3 analags. The I,25-dihydroxyvitamin D3 
[I,25(OH),DJ is the physiologically active vita
min D3 compound which is capable of regulating 
many genes that are critical for development and 
cellular differentiation. This biological response 
is media ted by binding to nudear receptors for 
I,25(OH),D3 (VDR) [23-24], which belong to the 
same steroid-thyroid receptor superfamily as 
retinoids [25] and act as ligand-dependent tran
scription factors that bind to specific DNA 
sequences [26-27]. The I,25(OH)2D3 induces dif
ferentiation of AML ceH lines and inhibits their 
proliferation in vitra; but in contrast to 
retinoids, the leukemic cens are triggered 
towards macrophage-like cens [28-31]. The inhi
bition of leukemic cen growth by either 
I,25(OH)2D3 or Ia(OH)D3 has also been demon
strated in viva in mice challenged with syngeneic 
leukemic cens [32-33]. Several small studies of 
oral administration of I,25(OH)2D3 to myelodys
plastic patients resulted in hypercalcemia before 
concentrations necessary for an antileukemic 
activity could be achieved [34-36]. Therefore, the 
research focus has been directed at finding new 
vitamin D3 analogs with a more favorable thera
peutic profile. In the present study, we have ana
lyzed a variety of I,25(OH)2D3 analogs in vitra. 

The I,25(OH)2-20-epi-D3 (code name JE and 
also known as MC1288), belongs to a new series 
ofvitamin D3 analogs, characterized by an inver
sion of the steriochemistry at carbon 20 [37]. It 
showed extraordinary activities in inhibition of 
donal growth of HL-60 myeloblastic leukemic 
cells and leukemic myeloid donogenic cens 
(CFU-L) from patients with AML. In contrast, 
analog JE stimulated growth of granulocyte
macrophage colony forming units (CFU-GM) 
from normal human bone marrow. In order to 
gain insights into the remarkable antileukemic 
activities of analog IE, we examined its ability to 
affect the donal growth of a hematopoietic ceH 
line having no functional VDR and also exam
ined its ability to enter HL-60 ceHs and interact 
with a transfected vitamin D3 response element 
(VDRE) attached upstream of a TK promoter
driven reporter gene [( chloramphenicol acetyl 
transferase (CA T) ]. 

Material and Methods 

Cel/s. The following ceH lines were used in this 
study: HL-60 cens are late myeloblasts estab
lished from a patient with M-2 leukemia [38]. 
These cens express both RARs and RXRs [12, 
14]. The S-LBI is a HTLV-I immortalized human 
T -lymphocyte line from a normal individual 
[39]; and Ab-VDR is a HTLV-I immortalized 
human T -lymphocyte cell line established from 
a patient with vitamin D-resistant rickets type Ir 
(these cens have undetectable I,25(OH),D3 cellu
lar receptors [40]. The cens were grown in tissue 
culture flasks in alpha-medium (Flow 
Laboratories, Inc., McLean, VA) with 10% fetal 
calf serum (FCS; Irvine Scientific, Santa Ana, 
CA) and 1% penicillin/streptomycin (Sigma 
Chemical Co., St. Louis, MO). Bone marrow was 
obtained from five healthy volunteers and 
peripheral blood blast cens were drawn from six 
patients with AML (MI, MI, M2,M2, M2, M5a), 
after their informed consent. The percentage of 
circulating blast ceHs was more than 98%. 

Retinaids. The 4- (5,6,7,8-tetrahydro-5,5,8,8-tetra
methyl-2-anthracenyl) benzoic acid (TTAB, 
SR396I) and 4-[2-methyl-I-(5,6,7,8-tetrahydro-
5,5,8,8-tetramethyl-2-nap hthalenyl)propen-I-yl] 
benzoic acid (SRn217) and were prepared as 
previously described [41, 42]. Each analog was 
dissolved in absolute ethanol at 1O~. 3 molll to 
create a stock solution that was then stored 
at - 20 oe. Dilutions of the stock solution were 
made in alpha medium without FCS. The maxi
mum concentration of ethanol in the culture 
(0.1 %) did not influence either cellular growth 
or differentiation. 

Vitamin D3 analags. The code names of the twelve 
analogs ofvitamin D3 employed in this studyare 
shown on the Table 1. The I,25(OH),D3 (code 
name, C), analog R025-6760, analogs EO and V 
were synthesized at Hoffman-LaRoche, Nutley, 
NJ, USA; analog IE (also known as MC1288) and 
analog IC (also known as EB1089) were produced 
at the Departments of Biology and Chemical 
Research, Leo Pharmaceutical Products, 
Denmark; and analogs HF, HJ, HH, HL, HQ, and 
HR were provided by Drs. W. H. Okamura, K. R. 
Muralidharan, A. Craig and M. Curtin at UC 
Riverside. The compounds were dissolved in 
absolute ethanol at 10 - 3 molll, stored in aliquots 
at - 20°C and protected from light. For in vitra 
use, analogs were diluted in IMDM. 
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Table 1. Effect ofvitamin D, analogs on cellular proliferation and differentiation ofHL-60 cells 

Inhibition of 
Clonal growth NBT NAE 

Chemical name of analogs Brief name ED,o( x 1O-9mol!L) 

HX,25(OH),o, C 16 37 70 
HX,25(OH), -20-epi-D, IE* 0.006 5.8 1.2 
(22S)-1,25-( OH), -22,23-diene-D, HQ 11 60 ND 
(22R)-1,25-( OH), -22,23-diene-D, HR 5.2 50 ND 
HX,25-( OH), -pre-D, -9,14,19,19,19,d, HF 22 86 ND 
lß,25-(OH), -3-epi-D, HH NR NR ND 
HX,25-(OH), -3-epi-D, HJ NR NR ND 
lß,25(OH),o, HL NR NR ND 
1,25(OH), -24a,26a,27a-tri-homo-22,24-diene-D, IC* 0.23 3·0 5·5 
1,25( OH), -16ene-23yne-19-nor-26,27,F 6-D, RO 0·5 4·0 5·0 

25-6760 
1,25(OH), -16ene-23yne-26,27-F 6-D, EO 0.2 1·3 1.0 
1,25( OH), -16ene-23yne-D, V 4·0 12.0 16.0 

Abbreviation: NBT - nitroblue tetrazolium; NAE - non specific esterase; ED,o represents effective dose achieving 
50% response 
NR - ED,o was not reached; ND - none done; Standard deviation was less than 10% in all cases 
*code names by Leo Pharmaceutical Prod. are MC 1288 for (IE) and EB 1089 (for IC) 

Colony formation assay in soft agar and in methylcellulose. 
Human celliines and normal bone marrow cells 
(NBMC) from 5 volunteers were cultured in a 
two-Iayer soft agar system as previously des
cribed (31). For CFU-GM of NBMCs, we added 
5 x 1O-5mol/1 b-mercaptoethanol (Sigma, St. 
Louis, MO). As a source of CSF for CFU-GM, 
200 pM of human recombinant GM-CSF was 
used (generous gift from S. Clark, Geneties 
Institute, Boston, MA). The circulating clono
genie blast cells from 5 AML patients (CFU-L) 
were cultured in IMDM, 20% FCS, 10% PHA
LCM and 10- 4 molll b-mercaptoethanol in a 
final concentration of 0.8% methylcellulose 
(Mithocel MC 4000 cP, Fluka AG, Buchs SG). 
Cell concentrations were 2 x 103/plate for 
leukemic cell lines and 1 x 105 for NBMC and 
AML blasts. After 10 days of incubation at 37°C 
in a humidified atmosphere containing 5% CO, 
in air, colonies were counted. 

Studies of induction of differentiation. Differentiation 
of HL-60 was assessed by ability of cells to pro
duce superoxide as measured by reduction of 
nitroblue tetrazolium (NBT) and to stain with 
a-naphthyl acetate esterase (NAE) (Sigma, St. 
Louis, MO). The cells were grown in liquid cul
ture with alpha-medium, 10% FCS for six days 
in a humidified atmosphere, 5% CO, at 37°C. 
The differentiation of AML blasts by morpholo
gy was studied using cells from suspension cul-
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ture and from CFU-L. Cells were cytocen
trifuged onto mieroscope-slides and slides were 
stained with Diff-Quik Set (Baxter). 

Transfection and assay of CAT (chloramphenicol acetyl 
transferase) activity. The HL-60 cells were grown in 
alpha-medium with 5% FCS and 1% 
penicillin/streptomycin. After washing in 
serum-free medium, 2.5 x 107 cells were trans
fected by electroporation with 35 Ilg of pBL
CAT2-VDRE plasmid [43-44). The reporter 
consists of synthesized complementary se
quences comprising human osteocalcin gene 
between - 509 and - 489 (3 repeats) fused to 
pB-CAT2 expression vector containing thymi
dine kinase promotor. The cells were cultured 
with vitamin D3 compounds, IE (20-epi-vitamin 
D) and C [1,25(OH),DJ at 10- ll to 10-7 M for 48 
ho urs in serum-free conditions, harvested, and 
CAT lysates prepared. CAT activity was assayed 
by thin layer chromatography and autoradio 
graphy. 

Results 

Effects of retinoids on donal proliferation and differentiation 
ofHL-60 cells. Dose-response effects of RAR/RXR
specific retinoid (TTAB) and RXR/RXR-specific 
retinoid (SR11217) on the clonogenic prolifera-



tion of HL-60 leukemic promyelocytes are 
shown on Figs. 2A and 2B. TTAB is a potent 
inhibitor of clonal proliferation of HL-60 cells, 
causing a 50% inhibition of clonal growth (ED) 
of HL-60 cells at about 2 x 10-9 M (Fig. 2A). In 
contrast, SR11217 is nearly 1000-fold less potent, 
with an EDso of about 2.5 x 10- 6 M (Fig. 2A). We 
looked for possible synergy between the two 
analogs (Fig.2A, 2B). TTAB at either lO- n or 
10-10 M alone or with increasing concentrations 
of SR11217 (lO- n -10- 5 M) had no effect on HL-
60 clonal growth (Fig. 2A). TTAB (10- 9 M) in 
the presence of high concentrations of SR11217 
(5 x 10-7-7.5 x 10- 6 M) inhibited clonal growth 
of HL-60 cells in either an additive or less than 
additive fashion (Fig. 2B). 

The HL-60 cells differentiate toward granulo
cytes when cultured in the presence of retinoids. 
A marker of cellular differentiation is the pro
duction of superoxide, which can be measured 
by the ability to reduce NBT. Using this as a 
marker, we examined the ability of the retinoids 
to induce differentiation of HL-60 cells (Fig. 3). 
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The TTAB induced differentiation with a half
maximal effect of about 1 x 10-9 M. In contrast, 
SR11217 had little effect on the ability to induce 
differentiation of HL-60 cells, with only a small 
effect observed at 10- 6 M (Fig. 3). TTAB at either 
10- 10 M (Fig. 4) or lO- n M (data not shown), and 
with different concentrations of SR11217 (lO- n -

10-6 M), had either no effect or was less than 
additive in inducing HL-60 cells to reduce NBT. 

Effect of retinoids on donal proliferation of leukemic human 
myeloid donogenic cells (CFU-L) and on differentiation of 
leukemic cells. We studied the effect of SR11217 
alone and in the combination wiili TTAB (10- 8 

to 10-6 M) on the CFU-L from 3 patients with 
AML (Fig. 4). TTAB inhibited proliferation of 
clonogenic leukemic cells with an EDso of about 
8 x 10- 8 M. SR11217 alone showed no inhibitory 
effect at 10- 8 - 10-7 M and only 15% inhibition 
at 10-6 M. In combination with TTAB (10- 9 M), 
SR11217 inhibited the CFU-L with an EDso of 
about 5 x 10-6 M. TTAB induced differentiation 
of AML blasts in suspension culture and from 
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Fig. 2. Effect of retinoids on clonal 
proliferation of HL-60. Results are 
expressed as apercent of control 
plates not exposed to retinoid. 
Panel A: Each point represents 
mean ± SD of live experiments with 
triplicate plates for each point. 
SRll217, (.41); TTAB, (0); TTAB lO- n 

M + SR1l217, (_); TTAB 10-.0 M + 
SR1l217, (0). Panel B: Each point 
represents mean of three experi
ments. SR1l217, (.41); TTAB 10- 9 M 
+ SR1l217, (_); and 10- 9 M TTAB 
alone, (0) 
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Fig. 3- Effect of retinoids on differentiation of 
HL-60 cells. Results are expressed as apercent of 
HL-60 cells that reduces NBT. Each point repre
sents the mean of three experiments 
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Fig. 4. Effect of retinoids on donal prolifera
tion of AML cells. Results are expressed as a 
percent of control plates not exposed to 
retinoid. Results represent the mean donal 
growth of 3 AML patients with triplicate plates 
for each point 
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CFU-L in methylcellulose to band forms as weIl 
as granulocytes_ No differentiation was observed 
in cultures either without retinoids or with 
SRU217 alone. 

Effeet of Vitamin 03 anologs on donal growth of HL -60 (ells. 
Previous studies have shown that 1,25(OH)2D3 
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could inhibit the clonal proliferation of HL-60 
cells [28, 29,31]. We examined the effect of novel 
vitamin D3 analogs to inhibit the clonal prolifer
ation of myeloid leukemic ceIlline HL-60 in soft 
agar (Fig. 5). 

Concentrations that inhibited 50% growth 
(ED50) are shown on Table 1. Seven analogs (C, 
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Fig.5. Effect of vitamin D3 compounds on 
donal proliferation of HL-60 cells. Results are 
expressed as a percentage of control plates 
containing no vitamin D, compounds. Each 
point represents a mean of at least three inde
pendent experiments with triplicate dishes. 
Control cultures contained 245 ± 28 (mean ± 
SD) colonies. SD is not placed on figure for 
simplicity of reading the graph 



Fig. 6. Effect of vitamin D, analogs on dif
ferentiation of HL-60 cells as measured by 
reduction of nitroblue tetrazolium (NBT). 
Results are expressed as a percentage of 
HL-60 cells that reduced NBT. Each point 
represents a mean of at least three inde
pendent experiments. Control cells had 
less than 1% NBT-positive cells. The SD is 
not placed on figure for simplicity of read
ing the graph 
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JE, HQ, HR, HF, IC, Ro 25-6760) inhibited clono
genie proliferation of HL-60 cells in a dose
dependent fashion; the remaining three analogs 
(HH, HJ, HQ) had litde affect on the clonal 
growth of HL-60 cells. The reference compound 
1,25(OH)2D, (C), achieved a 50% inhibition of 
clonal growth at 1.6 x 10- 8 M. The most potent 
analog was JE (1,25(OH)2-20-epi-D), having an 
ED50 of about 6 x 10- 12 M (1% colony formation 
at 1 x 10 -11 M). Therefore, an alteration of stereo
chemistry at carbon 20 increased potency over 
2,600-fold. The rank order ofvitamin D, analogs 
from most to least potent in terms of clonal 
growth was JE» IC = R025-6760 > HR > HQ 
> C > HF > HL = HJ > HH. 

Effect of vitamin 03 analogs on differentiation of HL -60 cel/s. 
The HL-60 cells are able to differentiate toward 
monocytes/macrophages when cultured in the 
presence OfI,25(OH)2DJ [28-29]. The R025-6760 
had nearly the same activity as Ie with an ED50 

for NBT reduction of 3 x 10-9 M (Fig. 6) and an 
ED50 induction of NSE of 5 x 10-9 M (Fig. 7). 
Compound JE has an ED50 of 5.8 x 10-9 M for 
NBT reduction and 1.2 x 10- 9 M for induction of 
NAE (Table 1, Fig. 6, 7). The 1,2S(OH)2D3 was a 
weaker inducer of differentiation of HL-60 cells, 
with the ED50 for NBT and NAE of 20 x 10- 9 M 
and 7 x 10- 8 M, respectively (Table 1, Fig. 6, 7). 

Effect of 1,25(OH)P3 (C) and 20-epi-1,25(OHJP3 (JE) on 
donal proliferation of T-Iymphocyte cel/ lines S-LB 1 and Ab
VOR. We have used HTLV-I immortalized T
lymphocytes from a normal individual (S-LB1) 
as well as from a patient with vitamin D-resis
tant riekets type II (Ab-VDR). Cells of this latter 
individual has non-functional vitamin D3 recep
tors [40].The 20-epi-1,25(OH)2D, (JE) had a 
strong inhibitory effect on clonogenie growth of 
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Fig_ 7- Effect of vitamin D, analogs on differentiation 
of HL-60 cells. Results are expressed as percentage of 
HL-60 cells that developed NAE activity. Each point 
represents a mean of at least three independent exper
iments. Control cells had less than 1% NAE-positive 
cells. The SD is not placed on figure for simplicity of 
reading the graph 

S-LB1 cell line with an ED50 of 3.5 x 10- 11 M 
(Fig. 8). The 1,25(OH)2D3 slighdy stimulated the 
clonal growth of S-LB1 cells at 10- 11 - 10 10 M 
and inhibited the clonal proliferation at 10- 10 

-10- 7 M, with an ED50 of 6 x 10- 9 M. Neither 20-
epi-1,25(OH)2D3 (IE) nor 1,25(OH)2D3 (C) 
(10- 11_10- 7 M) effected growth ofVDR-defective 
Ab-VDR cells (Fig.8). 

Effect of 1,25(OH)P3 (C) and 20-epi-1,25(OH)P3 (JE) on 
donal proliferation of normal (CFU-GM) and leukemic (CFU
L) human myeloid donogenic cel/s. The normal com
mitted myeloid stern cells, CFU-GM, were 
stimulated in their clonal growth by 1,25(OH)2D, 
(C) and 20-epi-1,25(OH)2D, (IE) at 10- 10 M to 
10- 8 M, with peak enhancement of growth at 
10- 9 M (Fig. 9). At 10-7 M, both compounds 
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~,-------------------------------------, Fig. 8. Effect of 1,25( OH)2 -20epi
D, (IE) (---) and 1,25(OH),D, (C) 
(-0-) on clonal proliferation of T -
lymphocyte cell !ine, S-LB1 (-) 
and Ab-VDR (---). Control cu!
tures contained 453 ± 30 (mean 
± SD) colonies for S-LB1 and 
528 ± 42 colonies for Ab-VDR. 
The Ab-VDR cells have non
functional VDR 
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Fig. 9. Effect of 1,25( OH),20epi
D, (IE) (---) and 1,25(OH),D, (C) 
( -0-) on clonal proliferation of 
leukemic clonogenic cells (CFU-L) 
from 4 patients with AML (---), 
and from 5 normal volunteers on 
myeloid clonogenic cells (CFU
GM) (-). Control cultures con
tained 262 ± 32 (mean ± SD) 
colonies for CFU-L and 89 ± 16 
colonies for CFU-GM 
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inhibited clonal growth of CFU-GM. Further 
experiments examined the effects of C and IE on 
the clon al growth of CFU -L from individuals 
with acute myeloid leukemia. Both compounds 
(1O- 11 to 10- 7 M) inhibited the proliferation of 
CFU-L with a 50% inhibition of clonogenic cells 
at about 1O- 11 M for 20-epi-1,25(OH)2D3 (IE) and 
5 x 10- 8 M for 1,25(OH)2D3 (C). 

Effect of compound IE on transcriptional aetivation. The 
vitamin D response element (VDRE) was placed 
in front of a minimal thymidine kinase promot
er of the reporter gene CAT. This construct was 
transfected into HL-60 cells. In the absence of 
either 1,25(OH)P, (C) or 2o-epi-1,25(OH\D, 
(JE), almost no CAT activity was detectable (Fig. 
lOA, lOB). Both C and IE increased CAT activity 
in a dose-response manner. At 10-7 M, both 
increased CAT activity nearly 16-fold as com-
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pared to cells transfected with reporter vector 
in the absence of vitamin D 3 compounds 
(Fig. lOA, lOB). 

Discussion 

This study examines the effects of several novel 
retinoids and vitamin D3 analogs on differentia
tion and proliferation of myeloid leukemic cells 
in vitro. Retinoids bind RAR and/or RXR, vita
min D3 analogs bind VDR. Both RAR and VDR 
bind RXR. In the presence of 9-cis-retinoic acid, 
RXR can form either RAR/RXR heterodimers 
[15] or RXR-RXR homodimers. These ligand
receptor complexes can have specificities for dif
ferent response elements that result in activating 
distinct sets of genes. We previously showed 
that 9-cis-retinoic acid was slightly more potent 
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than all-trans retinoic acid in inhibiting the pro
liferation and inducing the differentiation of 
both myeloid leukemia celllines and fresh acute 
promyelocytic leukemia cells [12,13]. This slight 
increase in activity, however, is unlikely to have 
resulted from activation of a unique set of 
myeloid differentiation genes that relied on 
RXR/RXR homodimerization. Indeed, we show 
here that RXR/RXR-specific retinoids such as 
SR11217 [12] have very little ability to in du ce dif
ferentiation of HL-60 cells. In contrast, the 
RAR/RXR-specific retinoid TTAB [22] is a 
potent inducer of differentiation of these cells. 
The RAR/RXR-specific ligand TTAB was 
approximately 1000-fold more potent than the 
RXR/RXR-specific ligand SR11217 at inhibiting 

Fig.lOA,B. Effect of 1,25(OH),-2oepi-D, (IE) and 
1,25(OH),D3 (C) on transcriptional activation as mea
sured by CAT assay using transient transfeetion sys
tem in HL-60 cells 

the proliferation and inducing tlIe differentia
tion of HL-60 cells. We also examined the effect 
of these two retinoids on fresh leukemic cells 
from patients and noted similar effects; there
fore, their actions do not appear to be cell type 
specific to only HL-60 cells. The results suggest 
that genes with RXR/RXR-specific response ele
ments are not pivotal to myeloid differentiation. 
Therefore, 9-cis-retinoic acid probably does not 
attain its enhanced potency for induction of 
leukemic differentiation as compared to either 
all-trans retinoic acid or TTAB, by forming 
complexes with RXR/RXR homodimers. 
Indirect evidence of the importance of RARa in 
differentiation of myeloid cells is that alteration 
of the gene, by fusion with PML gene, inhibits 
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differentiation in patients with APL. Future 
experiments that attempt to develop retinoids 
that enhance differentiation and inhibit prolifer
ation of leukemic ceIls, as weIl as probably other 
types of cancer ceIls, should focus on RAR/RXR
binding analogs, rather than those that bind to 
RXR/RXR. 

The 20-epi-1,2S(OH)2D3 belongs to the new 
group ofvitamin D3 analogs, characterized by an 
inverted steriochemistry at carbon 20 in the 
side-chain. A prior study showed that IE was a 
potent inhibitor of growth and inducer of differ
entiation of U937 monoblasts and strongly 
modulated activation of cytokine-mediated T
lymphocytes; and in addition, IE exerted cal
cemic effects in rats comparable to those of 
1,2S(OH)P3 [37]. In our study, we examined the 
biological profiles of eight analogs of 1,2S(OH)2D3 
and indentified that 1,2S(OH)2-20-epi-D3 (IE) is 
the most potent modulator of clonal growth and 
cellular differentiation of HL-60 cells that has 
been reported to date. The 1,2S(OH)2-epi-20-D3 
(IE) was at least 2,600-fold more potent than 
1,2S(OH)P3 (C) in inhibition of clonal growth of 
HL-60 cells. In addition, IE was approximately 
S,ooo-fold more effective than 1,2S(OH)P3 (C) in 
preventing clonal proliferation of leukemic cells 
from patients with acute myelogenous leukemia. 
For reasons that are unclear, 1,2S(OH)2-20-epi-D3 
(IE) was only 6-9-fold more active than 
1,2S(OH)P3 (C) in the induction of differentia
tion of HL-60. We have observed that other vita
min D3 analogs also inhibited proliferation more 
effectively than it fostered cellular differentiation 
[4S-46]. In contrast to the effect on leukemic 
ceIls, 1,2S(OH)2-20-epi-D3 (IE, 10- 1°_10- 8 M) 
slightly stimulated (1.3- to 1.7-fold) the clonal 
growth of normal human myeloid committed 
stern cells (CFU-GM). 

The identification of 1,2S(OH)P3 receptors in 
activated T and B lymphocytes from normal 
individuals [47-48] has suggested that 
immunoregulatory processes may be modulated 
by 1,2S(OH)2D3 and vitamin D3 analogs. Analo
gous to the potent immunosuppressive agent 
cyclosporin A, 1,2S(OH)P3 has been shown to 
inhibit the proliferation of activated T -lympho
cytes [49-S0]. The 2o-epi analogs OfI,2S(OH)P3 
have been shown to inhibit cytokine-mediated T 
lymphocyte activation [37]. The ceIlline S-LB1 
was established by HTLV-1 infection of T lym
phocytes from a normal individual [39].The pre
sent studies showed that the 1,2S(OH)2-2o-epi-D3 
OE) was 100-fold more potent that 1,2S(OH)2D3 

(C) in inhibition of clonal growth of the S-LB1 
ceIlline suggesting that 1,2S(OH)2-20-epi-D3 (IE) 
probably deserves further investigation as an 
immunsuppressive agent. 

The alteration of stereochemistry at carbon 
20 on the side chain, is the only difference 
between 1,2S(OH)2D3 (C) and 1,2S(OH)2-2o-epi
D3 (IE). Why this change at carbon 20 enhances 
the antiproliferative and differentiation effects 
on leukemic cells in vitra is unclear. Recently, 
evidence has accumulated that some effects of 
vitamin D3 analogs may be mediated indepen
dent of 1,2S(OH)P3 nuclear receptors. One 
series of our experiment suggest that 1,2S(OH)2-
2o-epi-D3 (IE) mediates its effects through the 
vitamin D3 receptor. The T-cell line Ab-VDR 
from a patient with vitamin D dependent rickets 
type II do not have functional vitamin D3 recep
tors [40]. Clonal growth of these cells were unaf
fected by high concentrations (10- 7 M) of either 
1,2S(OH)2-20-epi-D3 (IE) or 1,2S(OH)2D3 (C). In 
contrast, the matched control, S-LB1 cells 
(HTLV -1 transformed T -cells from anormal 
individual) having functional vitamin D3 recep
tors, were markedly inhibitedy 1,2S(OH)2-20-
epi-D3 (IE) suggesting that 1,2S(OH)2-20-epi-D3 
(IE) is not mediating its effects through a non-
1,2S(OH)2D3 receptor mechanism. 

Potentially, 20-epi-1,2S(OH)2D3 (IE) might 
have either a higher affinity for the vitamin D3 
nuclear receptors or the ligand/receptor com
plex might interact more efficiently with the 
VDRE to modulate gene expression. To pursue 
these possibilities, a reporter gene containing 
the VDRE was transfected into HL-60 cells. The 
cells were cultured in media containing different 
concentrations of either 1,2S(OH)2-20-epi-D3 
(IE) or 1,2S(OH)P3 (C) and reporter gene activi
ties were measured. These two analogs had near
ly identical activities, strongly suggesting that 
the difference between 1,2S(OH)2-20-epi-D3 OE) 
and 1,2S(OH)P3 (C) can not be ascribed to dif
ferential abilities to enter the cells or bind to 
VDR and then to VDRE and transactive a target 
gene. Potentially, the 1,2S(OH)2-20-epi-D3IVDR 
complex may interact with a different groups of 
VDREs than those bound by the 1,2S(OH)P3 
IVDR complex; the testing of this possibility will 
have to await the identification of appropriate 
target genes that control myeloid differentiation. 

In the current studies, we have shown that 
1,2S(OH)2-20-epi-D3 (IE) is amongst the most 
potent vitamin D3 analogs as a modulator of 
induction of differentiation and inhibition of 



clonal proliferation of leukemic ceils without 
inhibition of normal myeloid clonal growth. 
Future studies should be directed to the identifi
cation of new retinoids and vitamin D3 com
pounds with greater differentiating ability and 
less toxicity, and to the combined use of differ
entiating agents which act through different 
pathways. 

Acknowledgements. Support by NIH-CA-4271O, 
NIH-CA43277 and the Parker Hughes Fund are 
gratefully acknowledged. Elena Elstner and Sven 
de Vos are supported in part by grant aid for 
science research from DFG. 

References 

1. Huang M, Ye Y, Chen S, Chai J, Lu J, Xhoa L, Gu L, 
Wang Z: Use of all-trans-retinoic acid in the treat
ment of the acute promielocytic leukemia. Blood 
72: 567, 1988. 

2. Castaigne S, Chomienne C, daniel MT, BaIlerini P, 
Berger R, Fenaux P, Degos L: AIl-trans-retinoic 
acid as a differentiation therapy for acute promye
locytic leukemia: 1 Clinical results. Blood 76: 1704, 
1990 

3. WarreIl RP, Frankel SR, Miller WH Jr, Scheinberg 
DA, Itri LM, Hittelman WN, Vyas R, Andreeff M, 
Tafuri A, Jakubowski A, Gabrilove J, Gordon MS, 
Dmitrovsky E: Differentiation therapy of acute 
promyelocytic leukemia with tretinoin (aIl-trans
retinoic acid). N Engl J Med 324: 1385, 1991. 

4. WoIlbach SB, Howe PR: Tissue changes foIlowing 
deprivation of fat soluble A vitamin J Exp Med 42: 
753,1925. 

5. Hodges RE, Sauberlich HE, Canham JE, WaIlace 
DL, Rucker RB, Mejia LA, Mohanram M: 
Hematopoietic studies in vitamin A deficiency. Am 
J Clin Nutr 31: 876, 1978. 

6. Meja LA, Hodges RE, Rucker RB: Clinicial signs of 
anemia in vitamin A-deficient rats. Am J Clin Nutr 
32: 1439, 1979· 

7. Douer D, Koeffler HP: Retinoic acid enhances 
colony-stimulating factor-induced clonal growth 
of normal human myeloid progenitor ceIls in vitra. 
Exp CeIl Res 138: 193-198, 1982. 

8. Tobler A, Dawson MI, Koeffler HP: Retinoids; 
structure-function relationship in normal and 
leukemic hematopoiesis in vitro. J Clin Invest 78: 
303,1986. 

9. Mangelsdorf D1, Ong ES, Dyck JA, Evans RM: A 
nuclear receptor that identifies a novel retinoic 
acid response pathway. Nature 345: 224, 1990. 

10. Levin AA, Sturzenbecker LJ, Kazmer S, 
Bosakowski T, Huselton C, AIlenby G, Speck J, 
Kratzeisen C, Rosenberger M, Lovey A, Grippo JF: 
9-cis retinoic acid steroisomer binds and activates 
the nuclear receptor RXRa. Nature 355: 359, 1992. 

11. Heyman RA, Mangelsdorf DF, Dyck Ja, Stein RB, 
EicheIe G, Evans RM, Thaller C: 9-cis retinoic acid 
is a high affinity ligand for the retinoid X receptor. 
CeIl 68: 397, 1992. 

12. Sakashita A, Kizaki M, Pakkala S, Schiller G, 
Tsuruoka N, Tomosaki R, Dawson M, Cameron 1, 
Koeffler HP: 9-cis-retinoic acid: effect on normal 
and leukemic hematopoiesis in vitro. Blood 81: 
1009-16,1993. 

13. Kizaki M, Ikeda Y, Tanosaki R, Nakajima H, 
Morikawa M, Sakashita A, Koeffler HP: Effects of 
novel retinoic acid compound, 9-cis-retinoic acid, 
on proliferation, differentiation and expression of 
RARa, RXRa RNA by HL-60 ceIls. Blood 82: 
3592-3599, 1993· 

14. Yu VC, Delsert C, Andersen B, HoIlway JM, Devary 
OV, Naar AM, Kim SY, Boutin JM, Glass CK, 
Rosenfeld MG: RXR beta: a coregulator that 
enhances binding of retinoic acid, thyroid hor
mone, and vitamin D receptors to their cognate 
response elements. CeIl67: 1251-66, 1991. 

15. Zhang XK, Hoffmann B, Tran PB, Graupner G, 
Pfahl M: retinoid X receptor is an auxiliary pro tein 
for thyroid hormone and retinoic acid receptors. 
Nature 355: 441-6, 1992. 

16. Leid M, Kastner P, Lyons R, Nakshatri H, Saunders 
M, Zacharewski T, Chen JY, Staub A, Garnier JM, 
Mader S: Purification, cloning, and RXR identity of 
the HeLa ceIl factor with Which RAR or TR 
teterodimerizes to bind target sequences efficient
Iy. CeIl 68: 377-95, 1992. 

17. Kliewer SA, Umesono K, Mangelsdorf DJ, Evans 
RM: Retinoid X receptor is an auxiliary pro tein for 
thyroid hormone and retinoic acid receptor. 
Nature 355: 441-6, 1992. 

18. Bugge TH, Pohl J, Lonnoy 0, Stunnenberg HG: 
RXR alpha, a promiscuous partner of retinoic acid 
and thyroid hormone receptors. EMBO 11: 1409-18, 
1992. 

19. Marks MS, HaIlenbeck PL, Nagata T, Segars JH, 
AppeIla E, Nikodem VM, Ozato K: H-2RIIBR (RXR 
beta) heterodimerization provides a mechanism 
for combinatorial diversity in the regulation of 
retinoic acid and thyroid hormone responsive 
genes. EMBO 11:1419-35, 1992. 

20. Hermann T, Hoffmann B, Zhang XK, Tran P, Pfahl 
M: Heterodimeric receptor complexes determine 
3,5,3' -triiodothyronine and retinoic signaling 
specificities. Mol Endocrin 6: 1153-62, 1992. 

21. Zhang XK, Lehmann 1, Hoffmann B, Dawson MI, 
Cameron J, Graupner G, Hermann T, Tran P, Pfahl 
M: Homodimer formation of retinoid X receptor 
induced by 9-cis retinoic acid. Nature 358;587-91, 
1992. 

22. Lehmann JM, Jong L, Fanjul A, Cameron JF, Lu 
XP, Haefner P, Dawson MI, Pfahl M: Retinoids 
selective for retinoid X receptor response path
ways. Science 258: 1944-1946, 1993. 

23. Minghetti PP, Norman AW: 1,2(OH)o,-Vitamin D3 
receptors: gene regulation and genetic circuity. 
FASEB J 2: 3043-3053, 1988. 

24. DeLuca HF, Krisinger 1, Darwish H: The vitamin D 
system. Kidney !nt 38: S3-S8, 1990. 

449 



25. Baker AR, McDonnell DP, Hughes M, Crisp TM, 
Mangelsdorf DJ, Haussier MR, Pike JW, Shine J, 
O'Malley BW: Cloning and expression of full
length cDNA encoding human vitamin D receptor. 
Proc natl Acad Sei USA 85, 3294-3298, 1988. 

26. Evans RM: The steroid and thyroid hormone 
receptor superfamily. Seience 240,889-895, 1988. 

27. Beato M: Gene regulation by steroid hormones. 
Ce1l56, 335-344, 1989· 

28. Mangelsdorf DJ, Koeffler HP, Donaldson CA, Pike 
JW, Haussier MR: 1,25-dihydroxyvitamin D, 
induced differentiation in a human promyelocytic 
leukemia cell line (HL-60): receptor-mediated 
maturation to macrophage-like cells. J Cell Biol 98: 
391-398,1994· 

29. Tanaka H, Abe C, Miyaura T, Kuribayashi K, 
Kondo K, Nishii Y, Suda T: 1-alpha,25-dihydroxy
cholecalciferol and a human myeloid leukemia cell 
line (HL-60). The presence of a cytosol receptor 
and induction of differentiation. Biochem J 204: 
713-719,1982. 

30. Abe E, Miyaura C, Sakagami H, Takeda M, Kondo 
K, Yamazaki T, Yoshiki S, Suda T: Differentiation 
of mouse myeloid leukemia cell induced by 1, 
alpha 25 dihydroxyvitamin D,. Proc Natl Acad Sci 
USA 78: 4990-4994, 1981. 

31. Munker R, Norman A, Koeffler HP: Vitamin D 
compounds: Effect on clonal proliferation and dif
ferentiation of human myeloid cells. J. Clin. Invest. 
78:474-480,1986. 

32. Honma Y, Hozumi M, Abe E, Konno K, 
Fukushima M, Hata S, Nishii Y, DeLuca HF, Suda 
T: 1,25-dihydroxyvitamin D3 and 1 alpha-hydroxy
vitamin D, prolongs survival time of mice inocu
lated with myeloid leukemic cells. Proc Natl Acad 
Sei USA 80: 201-204, 1987. 

33. Zhou JY, Norman AW, Chen DL, Sun GW, 
Uskokovic M, HP Koeffler: 1,25(OH)2-16ene-23ene
vitamin D3 prolongs survival time of leukemic 
mice. Proc Natl Acad Sei USA 87: 3929-3933, 1990 

34. Koeffler HP, Hirji K, Itri L, Southern California 
Leukemic Group: 1,25-diliydroxyvitamin D,: 
in vivo and in vitro effects on human preleukemic 
and leukemic cells. Cancer Treat Rep 69: 
1399-1407,1985· 

35. Mehta AB, Kumaran TO, Marsh GW: Treatment of 
advanced myelodysplastic syndrome wiili alfacal
eidol [letter]. Lancet. 2: 761-762, 1984. 

36. Richard C, Mazo E, Cuadrado MA, lriondo A, Bello 
C, Gandarillas M, Zubizarreta A: Treatment of 
myelodysplastic syndrome with 1,25-dihydrovita
min D3. Am J Hematol. 23: 175-178, 1986. 

37. Binderup L, Latini S, Binderup C, Calverley M, 
Hansen K: 20-epi-vitamin D, analogues: a novel 
class of potent regulators of cell growth and 
immune responses. Biochem Pharmacol 42: 
1569-1575,1991. 

450 

38. Collins SJ, Gallo RC, Gallagher RE: Continuous 
growili of human myeloid leukemic cells in sus
pension culture, Nature 270: 347- 349, 1977. 

39. Koeffler HP, Chen ISY, Golde D: Characterization 
of a novel HTL V -infected cell line. Blood 64: 
482-490, 1984· 

40. Koeffler HP, Bishop JE, Reichel H, Singer F, Nagler 
A, Tobler A, Walka M, Norman AW: Lymphocyte 
celllines from vitamin D-dependent rickets type II 
show functional defects in the m,25-dihydroxyvit
amin D, receptor. Molecular and Cellular Endo
crinology 70: 1-11, 1990. 

41. Dawson MI, Hobbs PO, Derdzinski KA, Chao W, 
Fenking G, Loew GH, Jetten AM, Napoli JL, 
Williams JB, Sani BR, Willer Jr, Schiff LJ: Effect of 
structural modifications in the C-7-C11 region of 
the retinoid skeleton on biological activity in a 
series of aromatic retinoids. J Med Chem.32: 
1504-17,1989. 

42. Maignan J, Lang G, Malle G, Restle S, Shroot B: 
(CIRD). Nouveux derives bicycliques aromatiques, 
leur procede de preparation et leur utilization en 
medicine humaine et veterinaire et en cosmetique. 
French Patent 2, 601, 670 (January 22, 1988). 

43. Luckow B, Schuetz G: Cat constructions with mul
tiple unique restriction sites for the functional 
analysis of eukaryotic promotors and regulatory 
elements. Nucleic Aeids Research 15: 5490, 1987. 

44.0zono K, Liao J, Kerner SA, Scott RA, Pike JW: 
Vitamin D-responsive element in the human 
osteocalcin gene. J Biol Chem 265: 2181-2188, 1990. 

45. Koeffler HP, Amatruda T, Ikekawa N, Kobayashi 
Y, DeLuca HF: Induction of macrophage differen
tiation of human normal and leukemic myeloid 
stern cells by 1,25-dihydroxyvitamin D, and its f1u
orinated analogs. Cancer Res. 44: 5624, 1984. 

46. Provvedini DM, Mandagas SC: m, 2s-Dhydroxy
vitamin D, receptor distribution and effects in sub
population of normal human T Iymphocytes. J 
Clin Endocrinol Metab 68: 774-779, 1989. 

47. Koizumi T, Nakao Y, Nakagawa T, Katakami Y, 
Fujita T: Effect of m,25-dihydroxyvitamin D, on 
cytokine-induced thymocyte proliferation. Cell 
Immunol96: 455-461, 1985. 

48. Gupta S, Fass D, Shimizu M, Vayuvegula B: 
Potentiation of immunosuppressive effects of 
cyclosporin A by m,25-dihydroxyvitamin D,. Cell 
Immunol. 121: 290-297, 1989. 

49. Tobler A, Gasson J, Reichel H, Norman AW, 
Koeffler HP: Granulocyte-macrophage colony
stimulating factor. J Clin Invest 79: 1700-1705, 1987. 

50. Reichel H, Koeffler HP, Barbers R, Norman AW: 
Regulation of 1,25-dihydroxyvitamin D, produc
tion by cultured alveolar macrophages from nor
mal human donors and from patients wiili 
pulmonary sarcoidosis. J Clin Endocrinol Metab 
65: 1201-1209, 1987. 



Residual Disease 



Acute Leukemias V 
Experimental Approaches 
and Management of Refractory Diseases 
Hiddemann et al. (Eds.) 
© Springer-Verlag Berlin Heidelberg 1996 

Functional Assays tor Human AML Cells by Transplantation into SCID Mice 

Tsvee Lapidot', Christian Sirard', JosefVormoor', Trang Hoang" Julio Caceres-Cortes4, Mark Minden', 
Bruce Paters on" Michael A. Caligiuri5, and John E. Dick' 

Human hematopoiesis is tightly regulated, but 
genetic alterations in stern cells can perturb the 
developmental program resulting in a clonal 
outgrowth of one or more lineages [1, 2, 3]. In 
AML, the impaired differentiation program 
results in the excess production of leukemic 
blasts, the vast majority of which have limited 
proliferative capacity [4]. As a result, rare sub
populations of leukemic cells with extensive 
proliferative and self-renewal capacity must 
maintain the leukemic clone [5, 6]. Efforts to 
characterize these leukemic stern cells have 
focused on the development of in vitro colony 
assays (eg. AML-CFU) and/or liquid cultures [6, 
7]. However, the progenitors detected in these 
assays have very limited proliferative and replat
ing potential [8] making it difficult to establish a 
link with the human disease. 

Numerous attempts have been made to estab
lish an in vivo model of human myeloid 
leukemia in immunodeficient nude mice [9, 10, 
11]. Unfortunately, the AML cells grew locally as 
solid tumors at the site of injection, atypical of 
the human disease. The recent success in trans
planting normal human hematopoietic cells [12, 
13] and acute lymphoid leukemia (ALL) [14] into 
immunodeficient SCID mice suggested a novel 
strategy to develop an assay for leukemic stern 
cells. Although pre-B ALL cells obtained directly 
from patients in relapse readily proliferate in 
SCID mice [15], primary AML cells did not 
engraft SCID mice following IV injection [16, 17, 

18] perhaps because of their unique growth fac
tor requirements. AML-CFU are highly depen
dent on cytokines for proliferation and some of 
these growth factors are species-specific (eg. 
GM-CSF, IL-3) [7]. Implantation of AML cells 
from a small sampie of patients into the peri
toneum or under the renal capsule of SCID mice 
resulted in the local growtlI of leukemic cells, 
but their dissemination to the bone marrow was 
poor and limited to a few patients even after 
long periods oftime [16,17]. The dose inter-cel
lular contact following implantation presumably 
permits the outgrowth of those sampies where 
autocrine or paracrine growth stimulation 
occurs. Implantation of AML cells into human 
fetal bone chips previously implanted into SCID 
mice resulted only in local growth of palpable 
tumors uncharacteristic of the original disease 
[19]. Based on the success of establishing multi
lineage human hematopoiesis in SCID mice by 
cytokine stimulation of primitive normal bone 
marrow ceHs with kit ligand and PIXY321 
(human IL3 and GMCSF fusion protein) [13], we 
developed an AML model in SCID mice that 
permits high levels of leukemic ceH proliferation 
with biological properties and morphology simi
lar to the original patients [20]. 

AML cells, directly obtained from patients at 
diagnosis, were trans plan ted into immuno
deficient SCID mice and stimulated in vivo 
with human cytokines. The leukemic cells 
homed to the murine bone marrow and rapidly 
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proliferated in response to cytokine treatment 
resulting in a pattern of dissemination and 
leukemic ceU morphology that was similar to the 
original patients. Wehave now examined a large 
number of sampies (n = 17) obtained from 
patients with newly diagnosed AML of different 
FAB subtypes (MI, M2, M4) for their ability to 
proliferate in SCID mice. The cell source was 
either bone marrow or PBL obtained fresh or 
from banked frozen sampies and all transplant
ed mice were treated with growth factors for the 
entire length of the experiment (30-45 days). 
AML cells from all of the FAB subtypes (16 ofI7 
patients) engrafted SCID mice to high levels, 
indicating high reproducibility of the transplant 
system. 

In contrast to AML-Ml and M2, some mice 
transplanted with AML-M4 cells became sick or 
died as early as 10-20 days post-transplant with 
dissemination of leukemic blasts to the liver, 
lungs, spleen, and kidney. Clinically, leukemic 
blasts from AML patients with the monocytic 
subtypes AML-M4 and M5 disseminate more 
extensively to extramedullary sites than those 
from patients with AML-Ml/M2 suggesting that 
the SCID-LEUKEMIA model may aUow for the 
analysis of biological differences between differ
ent AML subtypes. 

AML-CFU were present in mice transplanted 
with 11 of 11 donor sampies regardless of the FAB 
classification. Leukemic cells, before and after 
transplantation into seID mice, were plated at 
limiting dilution in methylcellulose assays to 
compare the frequency of AML-CFU. The assay 
was linear and similar frequencies were obtained 
from the patient sampie and the mouse bone 
marrow. Interestingly, the response in culture of 
AML-CFU from the patient and the transplanted 
mouse for IL-3 and MGF was identical, indicat
ing that neither the murine environment nor 
exogenous cytokine treatment selected for 
clones with alte red responses to growth factors. 

The establishment of human AML in SCID 
mice and the significant expansion of AML 
colony-forming progenitors (AML-CFU) over at 
least 45 days post -transplant indicated that 
immature leukemic stern cells could be assayed 
in SCID mice. Engraftment of AML-Ml cells was 
linear with respect to the transplanted cell dose, 
providing the foundation for a quantitative 
assay of the leukemic stern cell that can initiate 
AML in SCID mice. 

Quantitative limiting dilution analysis 
demonstrated that the frequency of leukemic 
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stern cells in the peripheral blood (PBL) of four 
newly diagnosed AML-Ml patients was 1 in 
250,000 cells. Characterization of the leukemic 
stern cells indicated that AML cells enriched for 
CD34+CD3S- cells engrafted SCID mice, while 
CD34 - CD3S+ cells that in vitro give rise to large 
numbers of AML-CFU did not. 

Our data provide the first biological identifi
cation of an AML stern cell that can initiate 
human leukemia in SCID mice, the SCID 
LEUKEMIA-lNITIATING CELL or SL-Ie. The 
SL-IC can engraft the bone marrow of SCID 
mice following IV injection, proliferate exten
sively producing large numbers of AML-CFU in 
response to cytokine treatment and develop a 
cellular morphology similar to the original 
donor leukemia. The frequency of SL-IC in the 
PBL of AML-Ml patients is between 1000-2500 
fold lower than the frequency of AML-CFU. 
Based on the low proliferative capacity of AML
CFU in vitro [6], even with maximal growth fac
tor stimulation, it is likely that their 
maintenance in SCID mice for over 45 days 
post-transplant is due to the proliferation and 
differentiation of SL-IC. Thus, the murine bone 
marrow can provide a microenvironment for 
the long-term maintenance of SL-IC, in contrast 
to liquid cultures of AML which have a short 
lifespan. In addition, long-term cultures of AML 
cells on stromallayers usually results in the pro
liferation of normal human progenitors rather 
than AML cel1s [21, 22), suggesting that in vitro 
the human stroma is not sufficient to support 
leukemic stern cells. 

The availability of an assay for SL-IC pro
vides an important tool for purification and 
characterization of the leukemic stern cell. The 
experiments presented here indicate that SL-IC 
express CD34 on their cell surface. Future exper
iments can focus on other cell surface markers 
(eg. KIT, THY) and phenotypic properties (eg. 
up-take of Rhodamine 123). It will be interesting 
to determine if differences between normal stern 
cells and SL-IC can be found to enable purging 
of AML cells for autologous transplantation. 
Purification strategies combined with new meth
ods to create cDNA libraries from single cells 
[23] could permit molecular characterization of 
genes expressed in SL-IC compared to normal 
stern ceHs and more differentiated AML-CFU. 
These studies should help address the relation
ship between SL-IC and the target ceH for 
leukemic transformation that maintains the dis
ease in patients. FinaUy, the establishment of a 



SCID-LEUKEMIA model that replicates many 
features of human AML provides an important 
tool to understand the cellular and molecular 
processes that govern the transformation and 
progression of leukemic stern cells and to test 
the efficacy of new therapeutic strategies in vivo. 
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Cytogenetics and Clonal Evolution in Childhood Acute Lymphoblastic 
Leukemia (ALL) 
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Introduction 

Clonal evolution which becomes visible by kary
otypic changes is a weH-known phenomenon in 
malignancies, and especially in solid tumors it is 
described as an indicator for strong ceH prolifer
ation and the grade of malignancy [1,2]. Also in 
chronic myelogeneous leukemia (CML) sec
ondary chromosomal abnormalities were found 
during the foHow-up of the disease. SpeciaHy the 
i(17q) and a second Philadelphia chromosome 
are considered as markers for a poor prognosis, 
sometimes predicting ablast crisis [3-5]. 

In acute lymphoblastic leukemia (ALL), how
ever, clonal evolution is not as weH investigated, 
because most of the patients achieve remission 
very early and a cytogenetic analysis during this 
period seems to be not meaningful because of 
the low percentage of blast ceHs [6-8]. In this 
type of leukemia two groups of clonal evolution 
have to be distinguished: In the first group those 
patients are comprised who show at diagnosis 
either two different cell clones or more than one 
chromosomal aberration in only one clone, es
peciaHy those with one of the subgroup specific 
aberrations like t(9;22) or t(8;14) together with a 
secondary change. The second group includes 
patients showing a karyotypic switch between 
diagnosis and relapse. 

Materials and Methods 

Bone marrow sampies, mostly received by mail 
(80-90%), were prepared directly or incubated 

'Children's Univ. Hospital, 35385 Gießen, Germany 

in RPMI 1640 + 20% FCS (106 ceHs/ml) for a 24 h 
cuhure. The ceH suspension was then brought to 
hypotonie solution (KCI, 30 min.) and fixed in 
methanol-acetic acid (3:1). After being washed 
several times, the ceHs were dropped on a cold 
wet slide to spread the metaphases. G-banding 
foHowed a trypsin pretreatment (10-15 sec.) 
after air drying 3-5 days later. Karyotyping was 
done according to the Third International 
Workshop on leukemia 1980 [9] and the ISCN 
1985 and 1991 [10,11]. 

Results 

To evaluate clon al evolution at diagnosis of ALL 
the karyotype of 504 children with chromosomal 
aberrations were compared (Table 1). About two 
thirds of them showed only one chromosomal 
aberration (n = 320; 63.5%), whereas secondary 

Table 1. Different types of cell clones at diagnosis (504 
patients) 

Aberr. Clones Type of aberration No of patients 

1 

2 

2 

3 

46,XY,t(A;B) 320 
46,XY,t(A;B),t(C;D) 164 
46,XY,t(A;B)/46,XY, 

t(A;B),t(C;D) 18 
46,XY,t(A;B ),t( C;D )/46, 

XY,t(A;B),t(E;F) 

46,XY,t(A;B),t(C;D)1 
46,XY,t(A;B),t(E;F)1 

46,XY,t(E;F),t(G;H) 
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'Dept. ofPediatrics, Hannover Medical School, 30625 Hannover, Germany 



changes or more than one cell clone were found 
in only 184 (36.5%). In the vast majority of the 
latter (n = 164) only one cell clone with one addi
tional abnormality could be detected, whereas 
two or more clones were only found in 20. 

For the comparison of the involved chromo
somes only those patients were evaluated who 
showed more than one cell clone or one of the 
subgroup specific aberrations to identify the 
secondary change unequivocaIly. In karyotypes 
of 106 children used for this analysis nearly all 
chromosomes were found to be involved in sec
ondary chromosomal aberrations, but especially 
the chromosomes #1, and also #6, #7, and #9 
were more often found than others. This is due 
to the fact, that the appearance of secondary 
changes are not quite random. Abnormalities of 
chromosome 1, for example, is very often found 
in combination with a t(8;14) and also in hyper
diploid karyotypes with more than 50 chromo
somes where always the long arm is involved in 
different aberrations. Other combinations were 
the chromosome #9 with t(I;19) and chromo
some #6 with the different changes of chromo
so me #14 [der(14)(q11) 1 in T -cell ALL. Secondary 
changes involving #7 were found as i(7q) with 
t(4;11) or partial monosomy 7 with t(9;22). 

For the evaluation of clonal evolution at 
relapse the number of patients is smaller. 87 
children were analyzed successfully at diagnosis 
and at relapse. Forty of them, however, had to 
be excluded, because in one or both cytogenetic 
analyses only anormal karyotype was detected, 
indicating that the aberrant clone had been 
missed. Of the remaining 47 children a clonal 
evolution was found in 20 (42.5%) (Table 2). 
Most of them (n = 14) showed only one clone 
with a single secondary abnormality. In two 
patients this type was detected together with the 

Table 2. Different types of cell clones at relapse (20 

patients with clonal evolution) 

diagnosis: 
relapse: 
diagnosis: 
relapse: 

diagnosis 
relapse: 
diagnosis: 
relapse: 

Type of aberration 

46,XY,t(A;B) 
46,XY,t(A;B),t(C;D) 
46,XY,t(A;B) 
46,XY,t(A;B)/46,XY, 

t(A;B),t(C;D) 
46,XY,t(A;B),t(C;D) 
46,XY,t(A;B),t(E;F) 
46,XY,t(A;B) 
46,XY,t(C;D) 

No of patients 

14 

2 

2 

2 

original clone, whereas in two others a new sec
ondary change appeared. The remaining two 
patients of this group expressed a completely 
new karyotype. 

In 10 out of the 20 children with clonal evolu
tion the chromosomes #1 or #7 were involved in 
the secondary abnormalities, whereas other 
chromosomes were found less frequently. The 
breakpoints of chromosomes 1 differed in all 
five patients and were spread all over the chro
mosome (Table 3). In the other five patients, 
however, always a duplication of the long arm 
was detected with a large consensus region 
(7q11-7q36). 

To evaluate the clinical relevance of clonal 
evolution at diagnosis a life-table analysis by 
Kaplan-Meier was performed of the children 
with and without secondary changes at diagno
sis who were all treated uniformly by the thera
py protocol ALL-BFM-90. Both groups showed 
nearly the same result: an EFS of 0.77 and 0.75, 
respectively. A similar result was found when 
the children with and without clonal evolution 
at relapse were compared. Because of the low 
number of patients no life-table analysis was 
performed, but the comparison of remission 
duration and the survival after relapse showed 
no difference. In both groups only three chil
dren were still alive. 

If, however, only patients with chromosome 1 
and 7 abnormalities were compared, the results 
were completely different: The mean period of 
remission (18.1 vs 7.3 months) and the me an sur
vival time after relapse (15.2 vs 2.9) were much 
shorter for patients with secondary aberrations 
of chromosome 7. All five children with this 
abnormality died whereas two of the other 
group are still alive. 

To test the clinical meaning of distinct chro
mosomal aberrations as secondary changes the 
frequency of chromosome 1 aberrations in 46 
children with hyperdiploid karyotype > 50 at 
diagnosis was evaluated (Fig. 1). An abnormality 

Table 3. Abnormalities of chromosomes #1 and #7 at 
relapse 

Chromosome 1 

inv(I)(P36q32 ) 

del(I)(P34) 
der(lp) 
del(I)(q25) 
der(lq) 

Chromosome 7 

dirdup(7)(qnq36) 
dirdup(7)( qnq36) 
i(7q) 
i(7q) 
+7 
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Fig. 1. Frequency of secondary aberrations in children with hyperdiploid karyotype > 50. The incidence of chro
mosome 1 aberrations is much higher in patients with relapse 

of the long arm of chromosome 1 was the most 
frequent secondary change in this group. 
Comparing the outcome of these patients a pro
nounced difference was detected: The incidence 
of chromosome 1 aberrations in children who 
relapsed was much higher as compared to those 
who were still in CCR at the time of evaluation 
(36 vs 22.5%). Also in the bone marrow of the 7 
patients only analyzed at relapse a very high 
percentage of this type of abnormality was 
found (35-7%). 

Discussion 

Clonal evolution in solid tumors and chronic 
leukemias is described as an indicator for poor 
prognosis. In ALL, however, this phenomenon is 
not as weIl investigated, because most of the 
patients achieve CCR very early and cytogenetic 
analysis is only performed at diagnosis and 
relapse. 

The cytogenetic analysis of 504 children with 
ALL at diagnosis showed a clonal evolution in 
only 1/3 of the patients and also at relapse the 
frequency of karyotypic changes compared to 
the first analysis was only slightly higher 
(42.5%). In spite of aIl secondary changes which 

occurred during remISSIOn in the residual 
pathological cell clone, the original chromoso
mal abnormality remained detectable in the 
bone marrow of nearly aIl the patients. This 
makes those chromosomal aberrations which 
are detectable by molecular techniques a good 
tool for the identification of minimal residual 
disease. Only two patients showed a completely 
new karyotype indicating a secondary malig
nancy. The clinical features, however, especiaIly 
the immunophenotype remained completely the 
same in both children (c-ALL). 

The chromosomes which were involved in 
secondary changes most frequently, were chro
mosomes 1 and 7 as weIl at diagnosis as at 
relapse [8,12). This is due to the fact that sec
ondary changes are not completely random, but 
were often found in combinations with sub
group specific abnormalities. If these com
binations may have a clinical relevance 
regarding pro gnosis as sometimes described 
[13-15) is not yet clear, because of the small 
number of patients. It might be remarkable, 
however, that aIl aberrations of chromosome 7 
at relapse included a duplication of nearly the 
whole long arm (7ql1-7q36), the region where 
the gene for multiple drug resistance (MDR-l) is 
located (16). 



The dinical meaning of secondary chromoso
mal changes at diagnosis and at relapse is not 
yet dear. The comparison of all patients with 
and without donal evolution shows completely 
no difference in outcome for both groups. Some 
of these abnormalities, however, may indicate a 
poorer prognosis in combination with one of the 
subgroup specific abnormalities (Chr.l in hyper
diploids > 50), but more patients treated by the 
same protocol and longer follow-up times are 
needed. 
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Abstract. Acute lymphoblastic leukemias (ALL) 
are characterized by high frequencies of clonal 
chromosome aberrations (ploidy aberrations 
and translocations) as well as by clonal 
rearrangements of immunoglobulin (Ig) and T
cell receptor (TcR) genes. These two types of 
clonal molecular characteristics can be used as 
leukemia-specific markers for detection of mini
mal residual disease (MRD) by use of poly
merase chain re action (PCR) technology. 

In case of chromosome aberrations, this con
cerns translocations which result in fusion genes 
and fusion transcripts, such as in t(9;22), t(1;19), 
and t(4;11) in precursor B-ALL, or aberrations 
with site-specific breakpoints such as tal-1 dele
tions in T-ALL. In fact, any precisely identifiable 
breakpoint fusion region of a chromosome 
aberration can be used as PCR target for MRD 
detection during follow-up ofleukemia patients. 
So far such breakpoint fusion regions can be 
identified in 15-20% of childhood ALL and 
25-30% of adult ALL. 

Junctional regions of rearranged Ig and TcR 
genes represent the second type of MRD-PCR 
target, which can be precisely identified in -80% 
ofprecursor B-ALL and in >90% ofT-ALL. This 
especially concerns the junctional regions of re
arranged Ig heavy chain (IgH), TcR-y, and TcR
Ö genes. In contrast to chromosome aberrations, 
the junctional regions ofIg and TcR genes might 
not remain stable during the disease course, 
because of continuing rearrangement processes 
and subsequent subclone formation. These con
tinuing rearrangements are extensive in IgH 

genes, resulting in the presence of subclones in 
30-40% of precursor B-ALL at diagnosis and 
changes in rearrangement patterns at relapse in 
40% of the cases. Continuing rearrangement 
processes also cause changes in TcR-y and TcR
Ö gene rearrangement patterns at relapse in 
10-20% of T-ALL and 35-45% of precursor B
ALL. This heterogeneity in Ig/TcR gene 
rearrangement patterns at diagnosis and relapse 
might hamper PCR-mediated MRD detection. 
However in 75-90% of ALL cases, at least one 
IgH, TcR-y, or TcR-Ö allele remains stable at 
relapse. Therefore, two or more junctional 
regions of different Ig/TcR genes should be 
monitored for optimal MRD detection during 
follow-up of ALL patients. 

Well-designed prospective studies on large 
series of ALL patients have to demonstrate the 
clinical impact of MRD detection. 

Introduction 

Approximately 80-85% of childhood leukemias 
and approximately 7% of adult leukemias repre
sent ALL with an incidence of 3-4 per 100,000 
children and, 1-2 per 100,000 adults, respective
ly. Despite major improvements in ALL treat
ment during the last two decades, 20-30% of 
children with ALL and 60-75% of adult ALL 
patients relapse [1-7]. Apparently, the current 
treatment protocols are not capable of killing all 
leukemic cells in these patients, aliliough the far 
majority reach complete remission according to 

'Dept. oflrnrnunology, Erasrnus University/University Hospital, Rotterdarn 
'Dutch Childhood Leukernia Study Group, The Hague 
'Division ofHernatology/Oncology, Dept. ofPediatrics, Sophia Children's Hospital, Rotterdarn, The Netherlands 



cytomorphological criteria. Since the detection 
limit of cytomorphological techniques is not 
lower than 1-5% leukemic ceIls, it is obvious that 
such techniques can only provide superficial 
information about the effectiveness of leukemia 
treatment. Techniques with a higher sensitivity 
to detect MRD are needed to obtain better 
insight in the reduction of tumor mass during 
induction treatment and further eradication of 
the leukemic cells during maintenance treat
ment (Fig. 1). 

During the last decade several methods for 
detection of MRD have been developed and 
evaluated, such as cytogenetics, cell culture sys
tems, immunological marker analysis, fluores
cence in situ hybridization, and molecular
biological techniques [8-18]. In most studies, 
the detection limits of these techniques are 1-5% 
malignant cells. However, dependingon the 
immunophenotype and the genotype of the 
leukemia, immunological marker analysis and 
the PCR technique are able to detect lower fre
quencies ofleukemic ceIls, as low as 10 - 4 to 10 - 5 

(10 to Ileukemic cells per 100,000 normal ceIls) 
(Fig. 1) [9,10,15,19-21]. 

In the PCR technique leukemia-specific 
nucleotide sequences are used as targets for 
MRD detection, such as junctional regions of 
rearranged Ig and TcR genes as weIl as break-
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point fusion regions of chromosome aberra
tions. 

Ig and TcR Gene Rearrangement Processes 

Ig and TcR gene complexes consist of multiple 
variable (V), diversity (D), and joining (J) gene 
segments, combinations which code for the vari
able pro tein domains of the antigen-specific 
receptors [16]. 

The rearrangement pro ces ses in Ig and TcR 
genes during early lymphoid differentiation 
result in specific combinations of V, (D,) and J 
gene segments, thereby deleting all intervening 
sequences. These gene rearrangements are medi
ated via recombination signal sequences (RSS), 
-generally heptamer-nonamer sequences, which 
flank the V, (D,) and J gene segments [16,22,23]. 

The many possible different combinations of 
V, (D,) and J gene segments form the so-called 
combinatorial diversity. This diversity is drasti
cally increased by random deletion and inser
tion of nucleotides at the junctions of the 
rearranging gene segments, which together form 
the junctional diversity. The junctional regions 
are different in each lymphocyte, even in unre
lated lymphocytes which have rearranged the 
same V, (D,) and J gene segments [16,22,23]. 

detection limit 
morphological 

techniques 

detectlon limit of 
Immunologlcal 

marker analysis and 
peR technlques 

follow-up in years 

Fig. 1. Diagram of putative relative frequencies of ALL ceIls in blood and bone marrow during treatment and 
development of relapse. The detection limit of cytomorphological techniques as weIl as the detection limit 
of immunological marker analysis and peR techniques are indicated. I-Rx= induction treatment; 
M-Rx= maintenance treatment 



Table 1. Frequencies ofIg and TcR gene re arrangements and deletions in precursor B-ALL and T -ALL' 

IgH IgK IgA TcR-ß TcR-y TcR-Ö 

R D R D R R R R D 

Precursor-B-ALL 
(n=108) 96% 3% 29% 50% 21% 36% 57')'0 50% 40% 

T-ALL 
(n=138) 20% 0% 0% 0% 0% 90% 93% 70% 25% 

TOTALALLb 81% 2% 23% 40% 17% 47% 64% 54% 37% 

Abbreviations: R, one or both alleles rearranged; D, both alleles deleted or one allele deleted with the other 
in germline configuration 
'Beishuizen, Breit, Van Dongen, unpublished results 
bEstimated frequencies, based on the fact that in children precursor B-ALL and T -ALL represent 80-85% 
and 15-20% of ALL, respectively and that in adults precursor B-ALL and T -ALL represent 75-80% and 
20-25% of ALL, respectively 

Therefore, junctional regions are "fingerprint
like" sequences, which can be used for identifi
cation of lymphocytes [20]. The combined 
combinatorial and junctional diversity not only 
guarantees the enormous diversity of antigen
specific receptors of normal lymphocytes, but 
also represents an unique diagnostic identifica
tion system for "immature" and "mature" clonal 
lymphoproliferative diseases, such as ALL and 
other lymphoid leukemias and lymphomas [24]. 

The far majority of both B-lineage ALL (i.e. 
precursor B-ALL) and T-lineage ALL (T-ALL) 
indeed have rearranged Ig and TcR genes, 
respectively [24-27]. Also cross-lineage gene 
re arrangements occur in high frequencies. This 
especially concerns TcR gene rearrangements in 
precursor B-ALL (Table 1) [24,25,27]. 

Southern blot and peR analysis of Ig and TcR 
genes allow the detection of clonal Ig and TcR 
gene rearrangements. Application of the 
Southern blot technique is based on detection of 
clonal changes in length of restriction fragments 
due to clonal rearrangements of V, (D,) and J 
gene segments and therefore takes advantage of 
the combinatorial diversity. This technique has a 
detection limit of -5%, i.e. -5 clonal cells between 
100 normal (polyclonal) cells [16]. The peR tech
nique focusses on junctional region of rearranged 
Ig and T cR genes and is more sensitive than the 
Southern blot technique, especially if junctional
region-specific probes are used (see below). 

Chromosome Aberrations 

Like other malignancies, ALL can be regarded as 
an acquired genetic disease, which is caused by 

alterations in the structure or expression of crit
ical genes. In particular, derangements of genes 
which normally control growth and differentia
tion of early lymphoid cells are thought to playa 
role in the development of ALL, such as proto
oncogenes, tumor suppressor genes, transcrip
tion factors, and especially Ig and TcR genes. 
The latter is illustrated by the fact that chromo
some breakpoints in ALL often involve chromo
some bands, which contain Ig or TcR genes: 
14q32 (IgH gene), 2p12 (Ig K gene), 22qll (Ig Iv 
gene), 14qll (TcR-a/ö gene complex), ?q35 (TcR
ß gene), and 7p15 (TcR-y gene). Several chromo
so me aberrations in ALL appear to be associated 
with particular subtypes [28-30]. 

So far, most chromosome aberrations have 
been detected by routine microscopic cytogenet
ics (G and R band staining patterns). Recently 
in situ hybridization and flow karyotyping have 
been introduced for detection of chromosome 
aberrations, but their application is dependent 
on the availability of suitable probes and the 
resolution of scatterlstaining patterns of chro
mosomes, respectively. Futhermore, if the 
breakpoints of a particular chromosome aberra
tion in different patients are well-defined and/or 
clustered in a small area, also the Southern blot 
technique and even the peR technique can be 
used to detect these aberrations (see below). 

Several studies indicate that RSS-like 
sequences probably playa role in aberrant gene 
rearrangements in lymphoid malignancies, 
especially in chromosome aberrations involving 
Ig and TcR genes. In T-ALL the TcR-a/ö locus 
in band 14qll is frequently involved, such as in 
t(IO;14)(q24;qll) and t(1;14)(P34;qll) [31-33]. In 
the latter aberration the tal-1 gene on chromo-



some 1 is translocated to the TcR-o gene. Studies 
on this translocation have lead to the discovery 
of site-specific (sub-microscopic) deletions of 
-90 kb in the sil geneltal-1 gene region on chro
mosome 1 [31,32]. These so-called tal-1 gene 
deletions are reported to occur in 10-30% of T
ALL [32,34-42]. So far five types of tal-1 deletions 
have been described, all of which represent 
rearrangements occurring via RSS-like sequen
ces [37,39,40]. All five types of tal-1 deletions 
appear to use the same 5' heptamer RSS, located 
between the first and second sil exons, but differ
ent 3' heptamer-nonamer RSS, which are located 
in the 5' part of the tal-110cus. This results in the 
deletion of all co ding sil exons and places the 
coding tal-1 exons under direct control of the sil 
gene regulatory elements. The fusion regions of 
the breakpoints in all five types of tal-1 dele
tions show random deletion and insertion of 
nucleotides. Therefore, these fusion regions are 
different in each patient and resemble junctional 
regions of rearranged Ig and TcR genes [42-441. 

Detection of MRD by Use of the PCR 
Technique 

Basic principles of PCR-mediated MRD detection. The PCR 
technique allows selective amplification of a 
particular DNA segment or mRNA (after reverse 
transcription into cDNA) [45-47]. If the target 
DNA or mRNA sequences are tumor-specific, it 
is possible to detect a few malignant cells in 
between many normal cells. Theoretically the 
detection limit of the PCR technique is approxi
mately 10- 6, if a DNA segment is used as PCR 
target. This is based on the assumption that one 
cell contains -10 pg DNA and that one PCR tube 
can contain maximally 10 /lg DNA. This detec
tion limit can indeed be reached, but generally 
varies between 10-4 and 10 -6, dependent on the 
type of tumor-specific PCR target [15,19,20,48, 
49]. In the initial PCR studies on the detection 
of MRD, well-defined chromosome transloca
tions were used as tumor-specific markers 
[48-51]. However, it is also possible to detect 
MRD by use of PCR-mediated amplification of 
junctional regions of rearranged Ig and TcR 
genes [20,52-59]. Because the PCR technique is 
highly sensitive, all possible precautionary mea
sures should be taken to prevent cross-contami
nation of PCR products between patient sampies 
in PCR-mediated MRD studies [47,60]. 

Chromosome aberrations as leukemia-specific PCR targets 
for MRD detection. In the initial MRD-PCR studies, 
t(14;18)(q32;q21) and t(9;22)(q34;qll) were used 
as PCR targets [48-51]. For this purpose oligo
nucleotide primers were designed to recognize 
sequences at opposite sides of the breakpoint 
fusion region so that the PCR product contained 
the tumor-specific fusion sequences. In routine
ly performed MRD-PCR analysis, the PCR prod
ucts should not exceed -2 kilobases (kb) [46,47]. 
Therefore, PCR-mediated amplification of DNA 
sequences can only be used for chromosome 
aberrations in which the breakpoints of different 
patients cluster in a small area (total breakpoint 
area: <2 kb), such as in t(14;18) where the bcl-2 
gene is juxtaposed to one of the J gene segments 
ofthe IgH genes [61,62]. Other examples are the 
T -ALL-associated aberrations t(1;14)(P34;qll), 
t(1O;14)(q24;qll) and the tal-1 deletions [31-33]. 

In most translocations, the breakpoints are 
spread over much larger areas than 2 kb. This 
implies that the precise breakpoint recom
bination area has to be determined for each 
individual patient, which is a laborious and 
time-consuming effort [63]. However, in several 
leukemias it has been found that, as a conse
quence of the translocation, a new leukemia
specific fusion gene has been created, which is 
transcribed into a leukemia-specific fusion 
mRNA. This fusion mRNA can be used as target 
for the MRD-PCR analysis after reverse tran
scription into cD NA (Table 2). Examples are: 
ber-abl mRNA in case of t(9;22) [64-66], E2A
PbX1 mRNA in most cases Oft(1;19) [67-69], and 
the recently discovered MLL/ALL-AF4 mRNA in 
null ALL with t(4;U)(Q21-Q23) (Table 2) [70-78]. 

An advantage of using specific chromosome 
translocations as tumor-specific markers is their 
stability during the disease course. However, 
only 20-25% of childhood ALL and 30-35% of 
adult ALL, have a specific, microscopically 
detectable chromosome translocation and in a 
part of these aberrations the precise breakpoints 
are not (yet) known [30,36,79,80]. 

One should be aware that PCR products 
obtained via leukemia-specific fusion mRNA are 
not patient-specific. Therefore, false-positive 
results due to cross-contamination of PCR prod
ucts between sam pIes from different patients are 
difficult to recognize. This is in contrast to the 
PCR products obtained from breakpoint fusion 
regions of tal-1 deletions, which can be identi
fied by use of patient -specific oligonucleotide 
probes [42-44]. 



Table 2. PCR techniques for MRD detection in ALL patients 

PCR analysis of junctional 
regions ofIg or TcR genes' PCR analysis of chromosome aberrationsb 

Ig or TcR gene 
Frequency of 
applicability' 

Aberration Frequency of 
applicabilitt 

Target 
(mRNA or DNA) 

Precursor-B-ALL 

IgH: V-D-J 
TcR-y: VY-JY 
TcR-o: V02-Do30r 

D02-Do3 

80% 
55% 
40% 

t(9;22)( q34;qll) 

t(1;19 )(q23;P13) 
t(4;1l)(q21; q 23) 

adult: 30-35% 
childhood: 5-8% 

5-8% 
-3% 

bcr-abl (mRNA) 

E2A-Pbxl (mRNA) 
ALL-AF4 (mRNA) 

T-ALL 

IgH: V-D-J 
TcR-y: Vy-Jy 
TcR-o: Vo-Jo, Do-Jo 

orVo-Do 

15%? 
90% 
50% 

deletion in T AL-1 gene 
t(1;14)(P34;qll) 
t(1O;14)( q24;qll) 

10-30% 
1-3% 
1-3% 

dei (tal-I) (DNA) 
tal-I-TcR-o (DNA) 
tc/-3-TcR-o (DNA) 

'The detection limit of PCR analysis of junctional regions of rearranged Ig and TcR genes varies from 10- 3 to 
10- 6 and is dependent on "normal background" and the size ofthe junctional region 
bThe detection limit ofPCR analysis of chromosome aberrations is 10- 4 to 10- 6 

'The indicated percentages represent frequencies within the precursor B-ALL and T -ALL groups 

lunctional regions asleukemia-specific peR targets for MRD 
detection. As indicated above, junctional regions 
of rearranged Ig and TcR genes are "fingerprint
like" sequences which are assumed to be differ
ent in each Iymphocyte and therefore also in 
each ALL. Based on this assumption, it has been 
suggested that Ig and TcR gene junctional 
regions can be used as targets for MRD-PCR 
analysis, using V, (D), and J gene-specific oligo
nucleotides as primers (Table 2) [52-54,56-59]. 
The choice of primers is dependent on the type 
of Ig or T cR gene as weil as the rearranged gene 
segments. It may be possible to design general 
primers, which recognize (virtually) all V or J 
gene segments of a particular Ig or TcR gene 
complex, or specific primers, which recognize 
individual V or J gene segments or families of V 
or J gene segments [52-54,81,82]. 

An advantage of using IgH, TcR-y, and TcR-o 
junctional regions as targets for the MRD-PCR 
technique is the fact that the IgH gene complex 
contains only six V H families and six JH gene seg
ments (Fig. 2) and the fact that the TcR-y and 
TcR-o genes contain only a few V, (D), and J 
gene segments [16,83-89], whereas the junction
al regions of most complete V -(D-)J rearrange
ments are large [57,58,82,88-91]. This implies 
that only a restricted number of oligonucleotide 
primers is needed, while the junctional regions 
will differ extensively between the leukemias. In 
principle, also PCR analysis of junctional re-

gions of rearranged Ig light chain, TcR-a, and 
TcR-ß genes may be applicable for detection of 
MRD. However, especially PCR analysis of TcR
a and TcR-ß genes at the DNA level needs many 
different oligonucleotide primers. 

In -80% of precursor B-ALL, IgH gene 
rearrangements can be detected by PCR analysis 
with V Hand JH primers [92], suggesting that in 
the remaining cases only incompletely rearran
ged (D-JH), germline, or deleted IgH genes occur 
(Table 2). In principle Vy and Jy primers detect 
each TcR-y gene rearrangement, whereas -80% 
of TcR-o gene rearrangements in precursor B
ALL and -70% ofTcR-o gene re arrangements in 
T -ALL can be identified by PCR analysis 
(Table 2) [27]. 

The obtained junctional region PCR products 
can be analysed in a dot blot or Southern blot by 
use of a leukemia-specific junctional region 
probe in order to discriminate between the 
leukemia-derived junctional regions and junc
tional regions from normal cells which have 
rearranged the same (or comparable) V and J 
gene segments as the leukemic cells. For each 
leukemia one should determine at diagnosis 
which junctional region(s) can be used as targets 
for the MRD-PCR analysis during follow-up and 
which primers are optimal for this purpose 
(Table 2). Also the leukemia-specific junctional 
region probes have to be designed for each indi
vidual patient at initial diagnosis [20,21,52-59]. 



5' 
VH 

junctional 
region JH 

~4~--------------------------------------------~~ 4 ~ 3' 

VH-S' oligo VH-3' oligo 
(general primer) 

JH-S' oligo JH-3' oligo 
fo/H lamily·specific primel) (general prim er) (JH specific primar) 

,. 1 , 
, !,,! /' 
CTGAGGACACGGCCGTGTATTA:, CCAGTGGC~GAGTC:~CTC 

VHl CTCAGTGAAGGTCTCCTGCAAGG CACATGACCCGGTTCGTTCCCG JH1 

VH2 CCTGCGCTGGTGAAAGCCACAC GACAGGTCGTGGTCGGTCATAG JH2 

VH3 GGTCCCTGAGACTCTCCTGTGC CCGGGTCGCAGGAGACAGGAC JH3 

GAGACCCTGTCCCTCACCTGC GAGCTCCAAACACTGAAAACCCC JH4 

VHS CGGGGAGTCTCTGAAGATCTCC CCTCTGAGTCGAACGTCCCAGA JHS 

VH6 TGTGCCATCTCCGGGGACAGTG GACGGACACCCCAAAGGACGC JH6 

Fig.2. Schematic diagram of a V H gene segment joined to a JH gene segment via a fictitious junctional region, 
which consists of DH-derived nucleotides and randomly inserted nucleotides. The approximate position of the 
V H-family-specific primers, V H consensus primer, JH consensus primer, and JH specific primers are indicated with 
arrows. The presented oligonucleotides can be used as primers for the PCR-mediated amplification of the junc
tional regions of rearranged IgH genes [52,81,83] 

Pitfalls of MRD-PCR Analysis 
of Junctional Regions 

From the above described data, it can be con
cluded that PCR-mediated amplification of 
junctional regions for detection ofMRD is a sen
sitive technique, which can be applied in the 
majority of ALL. However, one should realize 
that this technique has several pitfalls (Table 3). 

Occurrence of oligodonality. A necessary condition 
for the MRD-PCR technique is the stability of 
the leukemia-specific junctional region during 
follow-up. However, in 30-40% of precursor B
ALL at diagnosis multiple IgH gene rearrange
ments are found (Fig. 3A) [26,93-96]. These are 
probably caused by continuing rearrangement 
processes, which lead to sub clone formation 
(bi-/oligoclonality) [26,94]. Such sub clone for
mation at diagnosis appeared to be rare at the 
TcR-y and TcR-ö gene level in T-ALL and in 
cross-lineage TcR gene rearrangements in pre
cursor B-ALL [24,27,97]. 

Occurrence of donal evolution. Changes in Ig and 
TcR gene rearrangement patterns at relapse is 
also an important pitfall in PCR analysis of 

Table 3. Limitations and pitfalls of MRD-PCR analysis 
of junctional regions 

1. Occurrence of oligoclonality at Ig or TcR gene level 
(e.g. IgH gene level in precursor B-ALL). 

Consequence: false-negative results. 

2. Occurrence of clonal evolution at Ig or TcR gene 
leveL 

Consequence: false-negative results. 

3. Background of normal cells with the same 
rearranged gene segments as the leukemic cells. 
(e.g. Vl:iI-Jö1 rearrangements and VyI-J"f2.3 rear
rangements occur in 0.1-5% and a large part of nor
mal blood T-lymphocytes, respectively). 

Consequence: lower sensitivity of the PCR tech
nique and high dependence on the specificity of 
the junctional region probe for detection of 
leukemia-specific peR products. 

4. Type of rearrangement and size of junctional region 
(e.g. complete VÖ-JÖ rearrangements have large 
junctional regions, but DÖ-DÖ rearrangements have 
short junctional regions). 

Consequence: size of junctional region influences 
the sensitivity of the MRD-PCR technique. 

5. Hybridization conditions, washing stringency and 
exposure time influence the specificity and sensitiv
ity of the MRD-PCR technique. 

Consequence: careful evaluation of the conditions 
for each patient and use of positive and negative 
control sampIes in various dilutions is necessary. 
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Fig.3. Southern blot analysis of IgH genes in several precursor B-ALL patients at diagnosis (A) and one precur
sor B-ALL patient (2308) at diagnosis and subsequent relapse (B). Control DNA and DNA from precursor B-ALL 
patients were digested with BglII and in case of patient 2308 also with BamHI/HindIII, size fractioned, and blot
ted onto nylon membrane filters, which were hybridized with the 3'P-labeled IGHJ6 probe. (A) In five of the here 
presented patients, more than two rearranged IgH gene bands were observed. The multiple IgH gene bands dif
fered in density in most cases. With cytogenetic analysis we could exclude the presence of more than two chro
mosomes 14. (B) In patient 2308, three distinct and one weak rearranged band, were seen at diagnosis in both 
digests, whereas only one distinct and one weak rearranged band were detected at relapse. The weak band at 
diagnosis was probably identical to the weak band at relapse, but all other bands differed in size in both digests, 
indicating that c10nal evolution had occurred in this precursor B-ALL patient at relapse 

junctional regions for MRD detection. In 40 
children with ALL, we compared the Ig and TcR 
gene rearrangement patterns at diagnosis and 
relapse. An example is shown in Figure 3B. In 
Table 4, we summarized the data concerning the 
changes and stability of IgH, TcR-y, and TcR-ö 

466 

gene rearrangements at relapse [97]. This table 
shows that changes in IgH gene rearrangement 
patterns at relapse occur at high frequency in 
precursor B-ALL, especially when subclone for
mation is already present at diagnosis [97]. 
Changes in TcR-y and TcR-ö gene rearrange-

-0 



Table 4. Changes in IgH, TcR-yand TcR-O gene rearrangement patterns in 40 childhood ALL at relapse' 

Changes in rearrangement patterns Stability of at least one major 
at relapse rearranged band (allele) 

TcR-yand/or IgH, TcR-y 
IgH TcR-y TcR-O IgH TcR-O and/or TcR-O 

precursor B-ALL 19% 29% 40% 90% 72% 91% 
with monoclonal (4121)" (4/14) (8120) (19121)b (13/18)' (20122) 

IgH genes at 
diagnosis (n = 22) 

precursor B-ALL 100% SO% S7% 38% 63% 7S% 
with bi-/oligoclonal (818) (214) (4/7) (3/W (S/8) (6/8) 

IgH genes at 
diagnosis (n = 8) 

T-ALL SO% 20% 10% 100% 90% 90% 
(n = 10) (214) (2/10 ) (1110) (4/4) (9110 ) (9/10) 

'The frequencies only concern ALL with IgH, TcR-y and/or TcR-O gene rearrangements. If no IgH, TcR-y or TcR
o gene rearrangement was found at diagnosis, the ALL was excluded from the calculations (all 40 ALL were 
extensively tested for the occurrence of IgH, TcR-y, and TcR-O gene rearrangements). "New" rearrangements at 
relapse in genes which were in germline configuration or deleted at diagnosis were also not included in the calcu
lations, because such rearrangements could not have been used for prospective MRD-PCR studies 
bOne patient was excluded from the calculations because both IgH alleles were deleted at diagnosis and at relapse 
'Two patients were excluded from the calculations because of germline TcR-y genes and biallelic TcR-o gene 
deletions at diagnosis 
dIn two additional bi-/oligoclonal cases, a rearranged band at relapse was identical to a weak rearranged band at 
diagnosis, suggesting selection of a minor subclone 

ments at relapse are found in both precursor B
ALL and T-ALL, but generally concern only one 
allele [97]. It should be emphasized that Table 4 
focusses on changes and stability of gene 
rearrangements which already existed at diag
nosis, i.e. "new" rearrangements at relapse in 
genes which were in germline configuration or 
deleted at diagnosis were not included in the 
calculations, because such rearrangements 
could not have been used for prospective MRD
PCR studies. 

Figure 4 shows the changes and stability of 
rearranged Ig and TcR gene bands (alleles) and 
their relation to the remission duration in the 40 
childhood ALL cases. Changes in at least one of 
the three major MRD-PCR targets (IgH, TcR-y, 
and TcR-Ö) were found in 40% [9122] of the 
monoclonal precursor B-ALL after remission 
duration of at least 18 months (Fig. 4A). All [8/8] 
bi-/oligoclonal precursor B-ALL showed 
changes at relapse in IgH, TcR-y, and/or TcR-Ö 
genes, which were already found after a short 
remission duration of at least 6 months 
(Fig. 4B). In 30% ofT-ALL, changes in IgH, TcR
y, and/or TcR-Ö gene rearrangement patterns 
occurred after aremission dura ti on of at least 14 
months (Fig. 4C). Despite the high frequency of 

immunogenotypic changes, at least one major 
IgH, TcR-y and/or TcR-Ö rearranged band 
(allele) remained stable in 75-90% of precursor 
B-ALL and 90% ofT-ALL (Fig. 4 and Table 4). 

Several reports indicate that changes in IgH 
gene re arrangements at relapse do not necessar
ily imply that the complete sequence of the junc
tional regions has changed [98,99]. For example, 
V H replacements in completely rearranged IgH 
genes gene rally do not affect the original V-D-JH 

junctional regions, and also the D-JH junctional 
regions will generally remain stable in sub
clones, which rearranged different V H gene seg
ments to an identical D-JH precursor [100]. 

Gur childhood ALL study indicates that IgH 
genes represent optimal targets for MRD detec
tion in monoclonal precursor B-ALL, but it 
might be valuable to monitor the TcR-yand/or 
TcR-Ö gene rearrangements as weIl, especially in 
cases with germline or deleted IgH genes on one 
or both alleles. In T-ALL the TcR-y and TcR-Ö 
genes represent optimal MRD-PCR targets [97]. 
However, in bi-/oligoclonal precursor B-ALL 
(30-40% of the total group of precursor B-ALL), 
it will be difficult to estimate which minor or 
major IgH gene band (allele) will remain stable, 
especially in cases with more than two sub-
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Fig.4. Changes in Ig and TcR gene re arrangement patterns at relapse and their relation with remission duration. 
Each bar summarizes the Ig and TcR gene configuration per patient, who are numbered according to the registry 
of the Dutch Childhood Leukemia Study Group. The letter codes in the boxes of each bar indicate the presence 
(open boxes) or loss (black boxes) of rearranged Ig and TcR gene bands at relapse (H, IgH; K, IgK; A, IgA; ß, TcR
ß; y, TcR-y, Ö, TcR-Ö); the numbers indicate the sum of rearranged bands. The changes at relapse are shown 
above the horizontalline (black boxes: loss of rearranged bands; open boxes: "new" rearranged bands), whereas 
the stable re arrangements are shown underneath. A, 22 monoclonal precursor B-ALL (remission duration 6-75 
months), B, eight bi-/oligoclonal precursor B-ALL (remission duration 6-52 months), and C, 10 T-ALL (remis
sion duration 6-53 months). Detailed information concerning the changes in Ig and TcR gene configuration at 
relapse are given in reference 97 

clones. This implies that in these leukemias the 
MRD-PCR monitoring should not be restricted 
to IgH genes, but that TcR-y and TcR-Ö gene 
rearrangements should be monitored as weH. 

468 

Two recently published PCR studies, describing 
changes and stability of IgH, TcR-y, and TcR-Ö 
gene rearrangements at relapse in ALL, sub
scribed to these findings [101,102]. Therefore, we 



conclude that MRD detection in ALL patients by 
PCR techniques needs monitoring of two or 
more junctional regions of IgH, TcR-y, and/or 
TcR-o genes in order to prevent false negative 
results [97]. 

The chance of changes in rearrangement pat
terns appears to increase with time (Fig. 4). This 
implies that in case of early relapse gene rally no 
changes will be found. This might be important 
for the choice ofPCR targets in MRD-PCR stud
ies in adult ALL patients, because in adult ALL 
remission duration is essentially shorter than in 
childhood ALL. 

Background of normal cel/s. The sensitivity of the 
PCR technique and the specificity of the junc
tional region probe for detection of leukemia
specific PCR products is highly dependent on 
the background of normal cells with the same 
rearranged gene segments as the leukemic cells. 
This concerns for instance V01-J01 rearrange
ments and VyI-J'[2.3 rearrangements which 
occur in 0.1-5% and a large part of normal 
blood T-Iymphocytes, respectively [82]. This 
may result in lower sensitivity and specificity of 
the junctional region MRD-PCR technique. 

Type of rearrangement and size of the junctional region. I t 
should be emphasized that the detection limit of 
the MRD-PCR technique is related to the size of 
the junctional region. Junctional regions of com
plete vO-Jo rearrangements are three to four 
times larger than Vy-Jy junctional regions 
[27,57,82], implying that TcR-o junctional re
gions are more suitable targets for MRD-PCR 
analysis [27,82]. However, TcR-o gene rearrange
ments may be incomplete, such as VO-DO and 
Do-Do rearrangements, which have relatively 
short junctional regions [27,82,103]. Incomplete 
TcR-o gene re arrangements with short junction
al regions are especially found in precursor B
ALL, e.g. V02-D03 and D02-D03 [27,90,103-106]. 
This may result in detection limits which are 
10- 3 to 10-4• In case of short junctional regions, 
it may theoretically happen that normal cells 
occur which have junctional regions that are 
identical to those in leukemic cells. 

Technical influences on the MRD-PCR technique. Finally, 
it should be emphasized that the specificity and 
sensitivity of the junctional region MRD-PCR 
technique is influenced by the hybridization 
conditions, washing stringency and film expo
sure time of the junctional region specific probe. 

These should be carefully determined to obtain 
reproducible results. 

PCR Analysis for MRD Detection 
in Childhood ALL 

So far the MRD-PCR studies are restricted to 
retrospective studies or short-term prospective 
follow-up studies on limited numbers of pati
ents. Most investigators use junctional regions 
of rearranged Ig and T cR genes as PCR targets 
[55,58,59,92,107-112]. Analysis of cell sampies 
from ALL patients who developed a relapse, 
indicate that relapse during treatment might be 
predicted by persisting PCR positivity, often at a 
high level (e.g. 10-2 or 10- 3), or by an increase of 
PCR positivity over aperiod up to 12 months 
before cytomorphological relapse [55,58,59,92, 
107,111]. Several research groups concluded that 
PCR detection of high levels of residual disease 
at the end of induction therapy identifies 
patients at increased risk for relapse during 
therapy [108-111]. Furthermore, they concluded 
that absence of detectable MRD at the end of 
chemotherapy is not sufficient to assure that the 
patient is cured, indicating that after treatment 
frequent serial monitoring is required for the 
early prediction of relapse [108-111]. In a small 
prospective study of twenty children followed 
for 7 to 30 months, Cave et al. found progressive 
decrease of the tumor load and no detectable 
blasts within 6 months. In three patients who 
developed BM relapse slower kinetics of 
decrease were found [112]. They concluded that 
the kinetics of blast decrease in the first months 
oftreatment may be of prognostic value [112]. 

Conclusion 

PCR analysis of chromosomal aberrations and 
junctional regions of antigen specific receptors 
is valuable for the detection of MRD in ALL. 
However, one should realize that each MRD
PCR target has its own limitations and pitfalls. 

MRD-PCR analysis using chromosome aber
rations has the advantage that these aberrations 
are most probably directly related to the onco
genic event and therefore represent stable 
tumor-specific markers. The first limitation of 
this technique is the fact that in only 15-20% of 
childhood ALL and in 25-30% of adult ALL, 
chromosome aberrations with well-defined 



breakpoints have been found so far. The second 
limitation is the fact that in many translocations 
the PCR target is a fusion mRNA, which is not 
patient-specific and therefore might cause false 
positive results due to cross-contamination bet
ween patient sampies. 

MRD-PCR analysis using junctional regions 
of rearranged Ig and TcR genes seems to be a 
promising technique, which can be applied in 
the majority of ALL. Despite the reiatively high 
frequency of changes in Ig and TcR gene 
rearrangement patterns, which might cause false 
negative results (due to subclone formation and 
clonal evolution), at least one major IgH, TcR-y, 
and/or TcR-Ö rearranged band (allele) remained 
stable in the majority [75-90%1 of ALL. Still, the 
size of the junctional region will influence the 
detection limit of the PCR technique. This espe
cially concerns incomplete TcR-Ö gene rearran
gements, which represent the most frequent 
TcR-Ö rearrangements in precursor B-ALL. 

Prospective studies on large groups of ALL 
patients using several PCR targets in parallel are 
needed to evaluate which target is most efficient 
and reliable for each patient group. In the 
future, the MRD-PCR target of choice will prob
ably depend on the presence of a chromosome 
aberration with well-defined breakpoints and 
the presence of a rearranged Ig and/or TcR gene, 
as well as on the chance of changes in Ig/TcR 
gene rearrangement patterns. The origin of the 
ceU sample (BM, PB, or cerebrospinal fluid), its 
volume, and its cellularity will influence the 
choice as weil. 
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Detection of AML lIETO-Rearrangements in Acute Myeloid Leukemia 
with a Translocation t(8;21) 

Ulrich Jaeger" Rajko Kusec', and Oskar A. Haas' 

Chromosomal Translocation t(8;21) in AML 

The chromosomal translocation t(8;21)(q22;q22) 
is the cytogenetie hallmark of a distinct dass of 
aeute myeloid leukemias (AML) which are pre
dominantly of the FAB-M2 subtype [1]. Appro
ximately 25% of adult and 50% of childhood 
M2-leukemias possess this reciprocal transloca
tion. Patients with a t(8;21) respond weIl to 
chemotherapy and have a favourable dinieal 
outcome with high long-term survival rates'. 
Therefore, it seems important to identify these 
patients at diagnosis and to monitor their 
response to treatment. 

The t(8;21) juxtaposes the AMLl gene on chro
mosome 21 with the ETO/MTGB gene on chro
mosome 8[3,4]. AMLl is a DNA-binding protein 
with homology to the Drosophila gene runt[5], 
while ETO/MTGB is a putat~ve zinc-finger pro
tein with proline-rieh regions reminiscent of a 
transcription factor[6]. The t(8;21) creates a 
fusion RN A whieh comes off the derivative (der) 
8 chromosome. The fusion mRNA is translated 
into a chimeric AMLl/ETO protein whieh retains 
DNA-binding properties and interacts with 
other proteins[5]. Thus, it is likely that the fusion 
pro tein plays a key role in the neoplastie trans
formation ofthe t(8;21)-carrying cells. 

AML l/ETO RT-PCR 

The chromosomal breakpoints are dustered 
within single introns of both the AMLl and ETO 

genes resulting in a constant junction of the 
same 5' AMLl and 3' ETO exons on the fusion 
mRNA of all t(8;21)-leukemias[7]. Reverse tran
scription polymerase chain reaction (RT -PCR) 
assays can reliably de!ect all cytogenetieally 
proven 8;21 translocations (Fig.1) [8-12]. 

Wehave used a semi-quantitative two-step 
approach with a sensitivity of 1 in 103 in the first
and 1 in 105 in the second step for identification 
and monitoring of patients with t(8;21)-posi
tive myeloid neoplasias[12]. The AMLl/ETO-re
arrangement was found in M2-leukemias, but 
also in AMLs of other FAB-types like M1,M4, or 
MDS progressing into acute leukemia[13] 
(Table 1). Patients with karyotypes other than 
t(8;21) as weIl as normal individuals are PCR
negative. 

RT-PCR recognized all of 17 cytogenetieally 
characterized t(8;21)-leukemias and helped 
darifying complex karyotypes[14]. In addition, 
two-step peR identified a few additional 
AMLl/ETO-rearrangements in patients who had 
low blast cell counts. 

PCR-Monitoring 

Since patients with a t(8;21) can easily be identi
fied at diagnosis, it seemed feasable to use the 
AMLl/ETO RT-PCR for monitoring during and 
after therapy. Patients with acute leukemia test
ed positive in the first -step re action in their 
bone marrow at diagnosis, while some of the 
MDS-patients were only detected by two-step 
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tel.-CHR21 CHR'~ eH 

AMLf ETO 

~1Hnt 

~ 128 nt 
1 st step RT-PCR 
2nd step 

Fig. 1. AMLl/ETO fusion RNA 

Table 1. AMLl/ETO OCR and FAß-classification 

FAß PCR+ % 

MI 2 10 

M2 13 65 
M4 
MDS 4 20 

Total 20 100 

PCR. Successful induction chemotherapy in 
patients with AML resulted in a reduction from 
first- to second-step positivity. The same effect 
was seen in patients who were treated with 
autologous bone marrow transplantation. None 
of the patients became PCR-negative during 
induction or consolidation therapy despite 
reaching a complete hematological remission. 

Persistence of AML1IETO-Positive Cells 
in Remission Blood Sampies 

We therefore tested patients who had been in 
long-term remission for up to 5 years. An 
AMLl/ETO fusion RNA was detected in periph
eral blood MNCs of aIl patients treated with 
chemotherapy or autologous marrow transplan
tation. Only allogeneic bone marrow transplan
tation resulted in PCR-negativity. These data are 
in accordance with the observations made by 
several other groups (Table 2). 

Concluding Remarks 

The AMLl/ETO RT-PCR can identify virtuaIly 
all patients with a t(8;21) at diagnosis and helps 
to resolve problems in the assessment of com
plex translocations. However, the value of this 
PCR-assay for clinical monitoring is limited 
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Table 2. Persistence of circulating AMLl/ETO-posi
tive cells in continuous complete remission 

Number ofPts. 

3 
7 
4 

17 

CCR 

1-5 yrs. 
1-5 yrs. 
-8 yrs 

Reference 

Nucifora et al., ref.8 
Downing et al., ref.9 
Kozu et al., ref. 10 
Chang et al., ref.l1 
Kusec et al., ref. 12 
Nucifora et al., reh5 

because AMLl/ETO-positive ceIls even pers ist in 
patients with long-term remissions. 

This raises interesting questions as to the 
leukemogenic potential of the t(8;21). Possibly, 
additional oncogenic events are required[16). 
The persistence of AMLl/ETO-positive ceIls sug
gests that this rearrangement is at least able to 
prolong the survival of these ceIls. A similar 
example is known from B ceIls where the t(14;18) 
protects the ceIls from apoptotic death[17). 
Interestingly, long-term survivors after chemo
therapy for follicular lymphoma can have circu
lating t(14;18) ceIls[18). It is also possible that the 
t(8,21) resides in cells which have lost their origi
nalleukemic phenotype as weIl as their prolifer
ative potential. The resolution of these questions 
will give further insights into the biology of 
acute leukemias and the role ofthe t(8;21). 
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Mastocytosis in AML-M2 with t(8;21) - a New Characteristic Association 

Dietrich Kämpfe', Werner Helbig', Robert Rohrberg', Janina Boguslawska-Jaworska3, and Oskar A. Haas4 

Abstract. We present four cases with hematologie 
malignancies characterized by a t(8;21) and sys
temie mast cell disease (SMCD). The patients 
consisted of a 51 year old man with AML-M2 and 
two 55 and 75 year old women with AML-M5b 
and AML-M4, respectively. The fourth patient 
was a twelve year old girl with refractory anemia 
and excess of blasts in transfomation to AML
M2 (RAEB-T). In all patients mastocytosis per
sisted during complete remission and, in the 
girl, even after allogeneic bone marrow trans
plantation (BMT). Based on these findings and a 
review of the literature, we suggest that SM CD is 
arare, but rather unique biological feature of 
leukemias with a t(8;21). The pathogenetic sig
nificance and the specific association between 
AML with t(8;21) and increased mast cells 
deserves further investigation in order to deter
mine whether these mast cells also harbor a 
t(8;21) or rather represent a benign reactive cell 
population. 

Introduction 

Many morphologic subtypes of solid tumors 
and hematologie neoplasms have specific chro
mosome abnormalities whieh determine the 
biologieal and prognostie features of the respec
tive diseases. For example, the t(8;21)(q22;q22) 
occurs in 40% to 60% of AML-M2 and, at a 
lower frequency, in AML-Ml, AML-M4 and 
RAEB-T [1,2]. It prevails in younger patients in 

whom long-Iasting remissions are achieved in 
most instances. Typieal biologieal features of 
this disease are the presence of auer-rods, the 
occurrence of solid tumor-like deposits and, 
occasionally, BM eosinophilia [1-3]. Moreover, 
they may sometimes show a pronounced differ
entiation of the myeloid cell lineage which can 
make it difficult to morphologieally distinguish 
them from CML and/or MDS [2]. Unique 
immunophenotypie features of these leukemias 
indude the atypical expression of the B-cell 
antigen CD19 and the natural killer cell antigen 
CD56 together with myeloid markers [4]. 
Amongst the cases with a t(8;21) whieh were 
cytogenetieally identified in our laboratories 
within the last ten years we have found four with 
a concurrent SMCD. Although the association of 
SMCD and malignant hematologie disorders is 
weIl documented, only few reports of cytogenet
ie studies in such cases exist. We therefore 
describe the case histories of four such patients . 

(ase Reports 

The first patient is a 50 year old man. At the 
time of diagnosis, hemoglobin was 7,4 g/l, WBC 
12,6 GII (with 74 % blasts) and platelets were 3 
G/l. His BM was hypercellular with 74% POX
positive myeloid blasts and pathologie promye
locytes and Auer rods consistent with the 
diagnosis of AML-M2. Complete remission was 
achieved only after the third cyde of poly-

'Dept. Int. Med., Div. Haematol., Martin-Luther-Univ., Halle, Germany 
'Dept. Int. Med., Univ. Leipzig, Germany 
3Med. Acad., Dept. Pediatrics, Wroclaw, Poland 
4CCRI, St. Anna Children's Hospital, Vienna, Austria 



chemotherapy four months later. Relapse 
occurred 17 months thereafter and was again 
successfully treated. Currently, the patient 
remains in second remission 32 months after 
diagnosis. Cytogenetic analysis was perormed 
only during relapse and revealed two clones, 
46,XY,t(8;21)(q22;q22) and 45, Xo,t(8;21) 
(q22;q22). BM mastocytosis was evident during 
the whole course of the disease. Moreover, infil
tration of the liver with mastocytes was con
firmed in a biopsy which was performed during 
remission because of continuing hepatomegaly 
and pathologicallaboratory values. 

The second patient was a 75 year old woman. 
At diagnosis, her hemoglobin was 89 gll, WBC 
20,8 GII with 35% blasts and platelets were 4 G/l . 
Her BM was hyperceIlular with 75% blast ceIls, 
40% of which were POX- and 60% esterase-pos
itive. According to the FAB-criteria, AML-M4 
without BM eosinophilia was diagnosed. 
Complete hematologic remission was achieved 
with induction therapy and continued for four 
months. At that time, a paravertebral tumor, 
most likely a myelosarcoma, developed and led 
to paralysis of both legs. Subsequently the 
patient died because of pneumonia. Cytogenetic 
analysis was performed at diagnosis and 
revealed a t(8;21)(q22;q22) in 22 metaphases. In 
addition, clonal evolution was observed with 
monosomy 11 in four, a pseudotetraploid kary
otype in two and complex changes in another 
metaphase. BM mastocytosis was already noted 
at diagnosis and persisted during the whole 
course of the disease. 

The third patient is a 55 year old woman. At 
diagnosis, hemoglobin was 113 g/l, WBC 6,1 GII 
with 14% blasts and platelets were 6 GIL Her BM 
was hypercellular with 55% POX-positive blasts, 
consistent with the diagnosis AML-M2. Seven 
months after diagnosis she remains in complete 
remission. Cytogenetic analysis revealed a 
t(8;21)(q22;q22) as the sole abnormality in 7 ofI5 
metaphases. In addition, a 45,XO karyotype was 
seen in two and trisomy 4 in one metaphase. 
The remaining 5 metaphases were normal. BM 
mastocytosis was present in aIl BM smears 
obtained during the course of the disease. 

The fourth patient is a 9 1/2 year old girl. RBC 
was 1,30 T/l, WBC 13,6 GII with 27% blasts and 
platelets were 23 GIL The BM smear revealed 
reduced erythropoiesis, only few smaIl mega
karyocytes, hyperplasia of granulopoietic pre
cursors with decreased granulation and many 
mast ceIls. Auer rods were seen in most blast 

ceIls as weIl as in promyelocytes. Two weeks 
after diagnosis blast ceIls had increased from 
20% to 32%. Refractory anemia with excess of 
bl asts in transformation (RAEB-T) to AML-M2 
was diagnosed. Induction therapy was initiated 
according to the BFM-83 protocol foIlowed by 
consolidation therapy. Complete remission was 
achieved after three months of intensive treat
ment. Six months later, allogeneic BMT from 
her sister was performed. Two years after diag
nosis, the girl remains in complete remission, 
but thrombocytopenia is still evident. 
Cytogenetic studies revealed two clones, one 
with a t(8;21)(q22;q22) and a second with an 
additional del(5q)( qI3q23). Mastocytosis persist
ed during remission and even after BMT [5]. 

Discussion 

Mast ceIls derive from hematopoietic stern ceIls 
[6]. Therefore, SM CD may be regarded as a 
myeloproliferative disorder in which mast ceIls 
proliferate and accumulate in a variety of 
organs, including the BM, liver spleen, lymph 
nodes and/or skin [7-10]. It has been estimated 
that 4% to 10% of patients with SM CD develop 
AML at some stage of their illness [9,10]. 
Conversely, in AML, mastocytosis is only found 
occasionally. Reports of cytogenetic studies of 
such cases are rare and have revealed no consis
tent picture [11]. In the context of our findings it 
is worth noting that in only one patient with 
AML and SMCD a t(8;21) was described [12]. 

Our observation of SMCD in four cases of 
AML with a t(8;21) suggests a specific biologic 
relationship. Since the significance of the increa
sed mast ceIls in this type of leukemia is not yet 
known, one of the first steps to elucidate their 
pathogenetic role is to analyse whether these 
ceIls also harbor a t(8;21) and, thus, perhaps 
belong to the neoplastic ceIl population. 
Alternatively, they could represent a concomit
tant benign ceIl population. Whether the growth 
and development of these mast ceIls are trig
gered by specific cytokines released by the 
leukemic ceIls or, whether mastocytes release 
growth factors which stimulate the leukemic ceIl 
populations also remains to be investigated. In 
any case, the benign or malignant nature and 
the pathogenetic role of the mast ceIls in leu
kemias bearing a t(8,21) is of utmost clinical 
importance, since their persistence during 
complete hematologic remission and even after 
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allogeneic BMT, which was noted in an cases 
reported so far, indicates their prolonged SUf

vival and pronounced resistimce to chemothera
py [5,13]· 
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Acute Myeloid Leukemia with Translocation (8;21). Cytomorphology, 
Dysplasia and Prognostic Factors in 41 Cases 
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Abstract. The translocation t(8;21) is the single 
most common structural aberration in acute 
myeloid leukemia (AML). Excellent response 
rates and a better relapse-free survival were 
noted. We analyzed specific morphologie and 
cytochemieal features induding dysplasia and 
prognostie factors in forty-one patients with 
AML t(8;21). They all underwent aggressive 
chemotherapy in two cooperative study groups 
(AMLCG-85 and ECOG 3489/P-C486). Five pati
ents were dassified as AML MI and 36 as AML 
M2 according to the FAB criteria. Auer rods 
could be detected in 28 patients but in only 16 
were these "thin and elongated" as has been 
described as typieal for t(8;21). The absence of 
Auer rods had no prognostie impact. Peroxidase 
was strongly positive in 100% of myeloid blasts 
in 22/40 cases. Golgi-zone associated non-spe
cific esterase was detected in seven out of 25 
available bone marrow smears. Dysgranu
lopoiesis was detected in 37/41 patients (90%), 
five of these patients additionally had dysery
thropoiesis (12%). In six cases (12%), dys
megakaryopoiesis was seen in combination with 
dysgranulopoiesis. Only one patient had triline
age dysplasia. Dysplastie features had no influ
ence on prognosis. In 24/41 patients additional 
cytogenetic abnormalities could be detected. 
Twelve male (48%) and four female (25%) had a 
loss of a sex chromosome. This was correlated 
with a better disease-free survival (p = 0.04). 
The CR rate to chemotherapy was 90%. 
Resistance to induction chemotherapy was not 
observed. The early death rate was 10%. Disease
free survival of the complete responders was 

60% after three years. The event-free survival 
rate was 53%. Because of the favorable disease
free survival rate with standard chemotherapy, 
one should speculate, whether allogeneie bone 
marrow transplantation is necessary for patients 
with AML t(8;21) in first complete remission. 

Introduction 

The translocation t(8;21) (q22;q22) is the single 
most common structural rearrangement in acute 
myeloid leukemia (AML) found in 7%-18% of all 
patients and in one-third among karyotypieally 
abnormal M2 cases according to the French
American-British dassification [1,2]. It is often 
accompanied by the loss of a sex chromosome or 
by other cytogenetic abnormalities [3-7]. 

The typieal case of AML with t(8;21) shows 
large myeloblasts with an abundant cytoplasma 
and a frequently eccentric nucleus like that of a 
normal promyelocyte. Often in these blasts only 
a single, large Auer rod with tapered ends is 
observed. In a small number of cases Chediak
like granules are seen suggesting abnormal 
fusion of azur granules, and eosinophiles are 
increased [5,6]. Thus, this morphologie pieture 
is so characteristie that it can be used to prediet 
the results ofthe cytogenetie analysis [5]. 

Patients with AML t(8;21) are suggested to 
have a better pro gnosis than those suffering 
from other more common types of AML. 
Excellent response rates and a better relapse
free survival were noted compared to the other 
types of AML in so me studies [1,4,7,8]. 
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However, it is difficult to compare data in 
collected small series with heterogenous groups 
of patients that had been treated in various trials 
and countries with different chemotherapy pro
tocols. We analyzed the results of two current 
prospective studies treating AML adult patients 
with aggressive chemotherapy. Prognostic fac
tors and treatment outcome as well as several 
cytomorphologic aspects in AML t(8;21) were 
studied. 

Patients and Methods 

Forty-one patients with AML t(8;21) have been 
treated between 1985 and 1993 according to 
protocols of two cooperative study groups 
(AMLCG-85 and ECOG 3489/P-C486). The treat
ment schedules have been published elsewhere 
[9-11). They are similar and included thiogua
nine, Ara-C, daunorubicin, and mitoxantrone. 
Some clinical data are summarized in Table 1. 

We (T Haferlach, JM Bennett) retrospectively 
examined bone marrow slides and blood 
sampies of patients who showed the transloca
tion t(8;21) in cytogenetical analysis. Cytological 
examination included Wright-Giemsa (ECOG) 
or Pappenheim (AMLCG) stain and the fol
lowing cytochemical reactions according to 

Table 1. Clinical and morphological data of 41 
patients with AML and t(8;21) 

number % of patients 

Male 25 61 
Female 16 39 
Age, median 38 

20-40 25 61 
41-60 11 27 
>60 12 

ECOG 21 51 
AMLCG 20 49 
FAß type 

MI 5 12 
M2 36 88 

Auer rods 
no 13 32 
yes 28 68 
"typical" 16128 39 

Dysgranulopoiesis 37 90 
Dyserythropoiesis 5 12 
Dysmegakaryopoiesis 6 15 
Trilineage- dysplasia 2 
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standard procedures: myeloperoxidase (POX), 
naphtyl-acetate esterase (NSE) and naphtol-AS
D-chloroacetate-esterase (CAE) staining. 

Results 

Cytomorphology data: Five patients were classified 
as AML MI and 36 as AML M2 according to the 
FAB criteria [2). Auer rods could be detected in 
28 of 41 patients. However, despite our knowl
edge of the karyotype, we were not able to detect 
Auer rods in the other 13 patients using Wright
Giemsa, Pappenheim or POX staining. Just in 16 
of the 28 patients Auer rods were "thin and 
elongated" as has been described as typical for 
t(8;21) [5). In addition, four patients with Auer 
rods had Chediak-like granules, another three 
patients showed Chediak-like granules but no 
Auer rods. 

The percentage of blasts (type I, 11, and III 
combined) [12) differed between 33 and 100% 
(median 71%). Seven patients had a blast count 
of 30-50%, fourteen had 51-70% and in 20 
patients the percentage ofblasts was greater than 
70%. Erythropoiesis was decreased to 0-16% 
(median 3%), megakaryocytes were rare. All of 
the blasts were peroxidase positive in 22 out of 
40 cases (in one patient no POX stain was avail
able). In nine cases peroxidase activity could be 
demonstrated in more than 70% of the blasts 
and in six cases the percentage was between 20% 
and 70%. Two cases had only 5% or 10% POX 
positive blasts, respectively. Golgi-zone associat
ed non-specific esterase (NSE) was detected in 
seven out of 25 available bone marrow smears 
[13). This type of esterase positivity is clearly dif
ferent from the diffuse esterase of monocytes 
and monoblasts in AML M4 and M5 [6). 

Dysplasia was analyzed according to stan
dard criteria [12). Dysgranulopoiesis was detect
ed in 37/41 patients (90%), five ofthese patients 
additionally had dyserythropoiesis (12%). In six 
cases (12%) dysmegakaryopoiesis was seen in 
combination with dysgranulopoiesis. Only one 
patient had trilineage dysplasia. 

Cytogenet;c data: In 24/41 patients with the translo
cation (8;21) additional cytogenetic abnormali
ties could be detected: 12 male (48%) and four 
female (25%) had a loss of a sex chromosome. In 
contrast to others [1,4,6,7) the loss of the sex 
chromosome was correlated with a better dis-
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Fig. 1. Disease-free survival of 
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ease-free survival (P=0.04) in our cohort. Fur
ther cytogenetic abnormalities were deletion of 
chromosome 9 in six cases, one patient with 
t(3;19), one case with inv(13) and one case with 
trisomy 8. No systematic data on molecular biol
ogy are available. 

Treatment results and survival: The patients were 
treated according to ECOG protocol 3489 or p
C486 or according to AMLCG protocols [9-11]. 
The complete remission rate of both study 
groups combined was 90% in 41 patients with 
AML and t(8;21). Resistance to induction 
chemotherapy was not observed. The early 
death rate was 10% with three patients dying of 
infections and one lethal bleeding episode. 
Another two patients in this cohort of 41 
patients died during the procedure of allogeneic 
bone marrow transplantation (BMT) in the 
ECOG trial. One patient died at day 12 after BMT 
due to veno-occlusive disease and infection and 
one patient at day 22 of veno-occlusive disease. 

Allogeneic bone marrow transplantation 
(BMT) was done in seven patients in first com
plete remission. In another eight patients auto
logous bone marrow transplantation (ABMT) 

Table 2. Treatment results 

number % of patients 

CR 37 90 
Early death 4 10 
Relapses 7 17 
SecondCR 4 57 

BMT: 
Autologous 8 19 
Allogeneic 7 17 

10 20 30 40 

time from diagnosis (months) 

was done as apart of the protocol in the ECOG 
trial in first CR. Patients who underwent allo
geneic or autologous bone marrow translanta
tion were not censored in the disease-free 
survival plot. The BMT was given in first CR as 
part of the two ECOG protocols. PC486 was a 
phase II trial verifying the feasibility of AB MT in 
a large coop group, and 3489 randomized bet
ween chemotherapy and BMT. Patients who 
relapsed or died after CR are considered to be 
treatment failures regardless of whether they got 
BMTor not. 

Disease-free survival of the complete respon
ders was 60% after three years (Fig. 1). The 
respective event-free survival rate was 53%. 

After relapse three patients died without 
achieving a further remission and four patients 
reached a second complete remission in the 
AMLCG trial. Data for second CR are not avail
able in the ECOG trial (Table 2). 

Discussion 

The acute myeloid leukemia with a redprocal 
translocation between chromosomes 8 and 21 
has been reported to show a spedfic morpholog
ical appearance in bone marrow smears and 
peripheral blood. Large myeloblasts with abun
dant cytoplasm containing one tapered, thin 
and elongated Auer rod, Chediak-like granules 
and increased eosinophiles seemed to be suffi
dent to predict this translocation [5]. Most of 
the cases were classified as F AB M2. 

Translocation (8;21) has been reported to 
be a favorable prognostic indicator in patients 
with AML by most groups [1,4,7,8,14-17,26]. 



So me other studies however failed to confirm 
the superior prognosis of this translocation 
[6,18-20 ). 

The main objective of our study was to inves
tigate the cytomorphological aspects and the 
prognostic impact of this AML subtype in a 
homogeneous cohort of patients. All patients 
were treated in a standardized way within multi
center trials of the ECOG and the AMLCG. 

We confirmed again that AML with t(8;21) 
usually has the morphology of the FAB subtype 
M2 [6,21). However, the typical appearance of 
so me of the blasts with one "thin and elongated" 
Auer rod (5) has only been observed in 39% of 
all forty-one cases in our study. One may predict 
the translocation, if the bone marrow smears 
show these typical abnormalities, but "normal" 
AML M2 or MI without Auer rods may carry the 
translocation as well. The lack of typical Auer 
rods or no Auer rods demonstrable had no 
influence on the prognosis in our cohort. With 
the detection of a AMLl/ETO-fusion gene new 
means for diagnosis and follow up are available 
[22-24). 

Dysplasia especially in the granulopoiesis but 
also in the erythropoiesis and megakaryopoiesis 
was seen (12). But dysplastic features did not 
have any influence on complete remission rate 
or prognosis. 

The remarkable aspects of our forty-one 
patients with AML and t(8;21) were a high CR 
rate with 90% and a favorable disease-free sur
vival at 3 years with 60%. This is equivalent to 
the high response rate in AML M4Eo [251. The 
disease-free survival rate of AML t(8;21) is the 
most favorable of all AML subgroups. Early 
death rate was 10% in this cohort and is compa
rable with other F AB subtypes [251. 

Loss of the sex chromosome was found in 
48% of the male and in 25% of the female 
patients and was a predictor of good pro gnosis. 
This is in contrast to other studies [1,7,26,27). 

In conclusion, AML with t(8;21) is a favorable 
subtype of AML with a high complete remission 
rate and disease-free survival. Neither the "typi
cal" or "atypical" cytomorphology nor the inci
dence of dysplasia did influence the prognosis. 
The additionalloss of the sex chromosome had 
a better prognosis in our cohort. Because of 
favorable disease-free survival rates with stan
dard chemotherapy, one should speculate, 
whether allogeneic bone marrow transplanta
tion is necessary for patients in first complete 
remission. Our results again underline the 

major clinical importance of cytomorphology 
and chromosomal status in AML. 
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Simultaneous Occurrence of t(8;21) and del(Sq) in Myeloid Neoplasms 
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Oskar A. Haas' 

Abstract. The translocation t(8;21)(q22;q22) and 
the deletion of the long arm of chromosome 5, 
del(sq), are two acquired chromosome abnor
malities which characterize distinct biological 
entities of hematologic neoplasms. Wehave 
observed two patients, a 9 year old girl with 
refractory anemia with excess of blasts in trans
formation (RAEB-T) overting to M2-AML and a 
50 year old woman with refractory anemia with 
excess of blasts (RAEB) in whom both abnor
malities concurred in the same ceH clone. After 
chemotherapy the girl underwent a successful 
aHogeneic bone marrow transplantation (BMT) 
from her sister and has remained in complete 
remission two years after diagnosis. The other 
patient received only erythrocyte transfusions 
and has been in stable condition for three years. 
In addition, a 33 year old man with a complex 
translocation t(S;8;2I)(qI3;qI3;qll) is presented 
for comparison. His hematologic findings and 
clinical course was similar to that of other 
patients with a t(8;21). We conclude that in cases 
with two specific karyotype changes the biologi
cal features typicaHy associated with one or the 
other chromosome abnormality may dominate 
the phenotype. It remains unclear whether the 
clinical and hematological appearance of the 
disease is determined by the abnormality which 
occurs first or by the one which predominates. 

Introduction 

Acquired chromosome abnormalities are found 
in 50-80% of patients with acute myeloid 
leukemia (AML) and myelodysplastic syn-

dromes (MDS). Many of the primary abnormali
ties are considered to be causative events in 
leukemogenesis and are therefore specifically 
associated with distinct biological as weH as 
morphological entities. Whereas most of these 
entities are already weH defined, the significance 
of the rare simultaneous coexistence of two of 
these abnormalities within the same ceH popula
tion still has to be established. Therefore, we 
present two patients with simultaneous occur
rence of a t(8;2I) and a del(sq). 

The t(8;2I) is one ofthe most common abnor
malities in AML. It occurs identified in 40 to 
60% of AML-M2 and, at a lower frequency, in 
AML-MI, AML-M4 and RAEB-T [1]. It prevails 
in younger patients in whom long-Iasting remis
sions are achieved in most instances. One of the 
unique biological features of leukemias with a 
t(8;2I) is the occasional development of myelo
sarcoma. Neoplastic ceHs typicaHy show a large 
number of Auer rods, occasionaHy a "CML-like" 
maturation of the granulocytic ceH lineage and 
eosinophilia [1]. Unique immunophenotypic 
features of these leukemias include the atypical 
expression of the B-ceH antigen CDI9 and the 
natural killer ceH antigen CDS6 [2,3] together 
with myeloid markers. 

Deletion of the long arm of chromosome 5, 
del(Sq), as the sole karyotype abnormality is 
typicaHy found in elderly women with chronic 
refractory macrocytic anemia, left-shifted 
myelopoiesis, normal or elevated platelet counts 
and smaH megakaryocytes with non-Iobulated 
nuclei [4]. The clinical course of the disease is 
mild and progression to acute leukemia is rare. 
On the other hand, deletions of the long arm of 
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chromosome 5 with varying breakpoints are also 
found in complex karyotype changes of sec
ondary MDS and AML with an unfavorable 
prognosis. 

(ase Reports 

A 9 1/2 year old girl was admitted to hospital still 
in good clinical condition because of increased 
fatigue and loss of appetite. RBC was 1,30 TIl, 
WBC 13,6 GII and platelets were 23 GI!. The dif
ferential count showed a left-shifted granu
lopoiesis and 27% blasts. The bone marrow 
(BM) smear revealed reduced erythropoiesis, 
only few small megakaryocytes, hyperplasia of 
granulopoietic precursors with decreased gran
ulation and many mast cells. Auer rods were 
seen in most blast cells as weIl as in promyelo
cytes. Two weeks after diagnosis blast cells had 
increased from 20% to 32%. The diagnosis 
according to the French-American-British 
(FAB) classification was RAEB-T with transition 
to AML-M2. Cytogenetic studies of the BM 
revealed two clones, one with a t(8;21)(q22;q22) 
and a second with an additional del(5q)(qI3q23) 
(Fig. 1). Induction therapy was initiated accord
ing to the BFM-83 protocol followed by consoli
dation therapy. Complete remIssIOn was 
achieved after three months of intensive treat
ment. Six months later, allogeneic bone marrow 

Patient 1 

Patient 2 

Patientl 

transplantation from her si ster was performed. 
Two years after diagnosis, the girl is in continu
ing complete remission, but thrombocytopenia 
is still evident. 

The second patient was a 51 year old woman. 
With the exception of splenomegaly the physical 
examination revealed no pathological findings. 
She had a hyperchromic anemia (RBC 2,11 T/l) 
with slight anisocytosis, poikilocytosis and poly
chromasy of erythrocytes as weIl as a moderate 
number of macrocytes and target ceIls, leukope
nia (WBC 3,6 G/I) with a left-shifted differential 
count and anisocytosis of thrombocytes whose 
number was within normal range (153 G/I). The 
BM was hypercellular with a hypoplastic, left
shifted and dysplastic erythropoiesis. Myelo
poiesis was increased, left-shifted and dysplastic 
with up to 10% blasts, some of which had 
basophilic granula. Megakaryocytes were small 
and mostly nonlobulated. These findings led to 
the diagnosis RAEB. Cytogenetic studies 
revealed a clone with the following abnor
mal karyotype: 46,XX,t(8;21)(q22;q22), del(5) 
(qI3q31), t(X;20) (qI3;qI3) (Fig. 1). It is of interest 
to note that the patient did not require cytostat
ic treatment. With supportive measures she has 
remained in stable condition for three years. 

The third patient, a 33 year old man was 
admitted to hospital because of fever, tonsil
lopharyngitis and hepatomegaly. RBC was 4,02 
T/I, WBC 19,6 G/l and platelets were 145 GI!. His 

8 21 

Fig.l. Partial karyotypes of three patients with a t(8;21) and a chromosome 5 abnormality. The normal homologs 
are on the left, the abnormal on the right 



BM was hypercellular with 47% myelomonocytic 
blasts which contained only few Auer rods. 
AML-M4 without eosinophilia was diagnosed. 
Cytogenetic analysis revealed a complex translo
cation t(S;8;21) (q13;q22;q22) (Fig. 1). Six months 
after initiation of chemotherapy the patient 
relapsed. After a second chemotherapy-induced 
remisson which lasted for another three years, 
the patient recently relapsed with a RAEB-T. 

Discussion 

The coexistence of two primary chromosome 
abnormalities in the same leukemic clone is a 
rather rare and yet unexplained cytogenetic 
phenomenon which challenges the current con
cepts of their specificity. To-date the following 
combinations have been reported in the litera
ture: t(9;22) with either inv(16) [S,6], t(lS;17) 
[7-9], t(8;21) [10-12] or del(sq) [13], t(1S;17) with 
inv(16) [14], t(8;21) with t(lS;17) [lS], t(8;21) with 
del(sq)[16,17] as weIl as t(8;21) with del(sq) and 
inv(16) [18]. Xue et al. [12] suggested several 
possible explanations for these rather unusual 
cytogenetic findings: (1) seemingly identical 
cytogenetic abnormalities may differ at the mol
ecular level, (2) two specific abnormalities may 
occur simultaneously by chance alone, (3) one of 
them may occur as a secondary change during 
clonal evolution or (4) they may not be related 
to leukemogenesis at all. Based on the few cases 
available it is not possible at present to assess 
which of these possibilities is the most likely 
one. 

With regard to clincial management it is of 
importance to know which abnormality will 
determine the biological behavior of the disease, 
particularly in cases such as t( 8;21) and del(sq) 
in which the two abnormalities indicate differ
ent prognosis or require different treatment 
approaches. In two cases with a t(8;21) the addi
tional abnormalities, t(9;22) and inv(16) togeth
er with del(sq), respectively, seem to have 
occurred as secondary events, because a clone 
displaying only a t(8;21) was also present [11,18]. 
However, in another patient with a t(8;21) com
bined with a t(lS;17), only the t(lS;17)-positive 
clone persisted during relapse [lS]. Thus, the 
chronology of development may be different in 
each individual, but may perhaps also change 
depending on the combination of the abnormal
ities. In contrast to the three AML cases with a 
t(8;21) and del(sq) reported previously [16-18], 
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our two patients were diagnosed as MDS. In 
neoplasms with a t(8;21) this is a rather uncom
mon form of initial presentation. Furthermore, 
a del(Sq) is also an extremely rare abnormality 
in childhood hematologic malignancies. The 
cytogenetic findings in the younger patient sug
gest that the t(8;21) was the primary and impor
tant event. This notion is further supported by 
the fast progression to AML. Despite the pres
ence of several karyotype abnormalities, the 
benign clinical course in the second patient was 
typical for cases with a del(sq) syndrome. 
Unfortunately, we were unable to determine the 
pattern of cytogenetic evolution in this case. 
Although the third patient with a complex 
translocation t(S;8;21) had a clinical course 
resembling that of patients with a t(8;21), it 
should be pointed out that he was diagnosed as 
MDS at relapse. 

In summary, we believe that in hematological 
neoplasms with two specific chromosome 
abnormalities peculiarities of the biological fea
tures and a clinical course typical of either 
abnormality can be observed. However, such 
modified disease patterns may vary individually 
depending on the prevailing abnormality. 
Molecular genetic and in situ hybridization 
studies may help to further elucidate their 
pathogenetic significance. 
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Detection of MLUAF4 Recombination by PCR Technique 

A. Borkhardt, R. Repp, J. Hammermann, S. Brettreich, R. Gossen, E. Haupt, J. Harbott, and F. Lampert 

Introduetion 

The molecular analysis of chromosomal translo
cations occurring in human leukemias revealed 
the existence of newly formed fusion genes. The 
balanced translocation between chromosomes 4 
and 11, for instance, results in a new MLLlAF4 
gene as the AF4 gene at chromosomal region 
4q2I is juxtaposed next to the part of the MLL 
gene (also called ALL-I or HRX gene) located on 
chromosome 11q23 [1]. 

As patients with an acute lymphoblastic 
leukemia (ALL) and a t(4;11) usually have a poor 
response to conventional chemotherapy [2] it is 
considered to stratify these patients into a high
risk-group in the new German multicenter ALL
therapy study (ALL-BFM 94) in childhood [3]. A 
rapid and sensitive diagnostic screening proce
dure for assessment of a t(4,11) in patients with 
ALL, therefore, could be a powerful tool to strat
ify these patients in different prognostic and 
therapeutic subgroups. 

Using the RT-PCR technique, he re we des
cribe a < PCR-assay which is able to detect 1 

leukemic cell with an MLLlAF4 re arrangement 
among 100.000 normal cells. The high sensitivi
ty of the PCR technique makes our assay also 
suitable to monitor minimal residual disease in 
patients with leukemia and a t(4;11). 

Methods 

RNA was purified according to a single-step 
protocol by Chromczynski and Sacchi [4]. The 

RNA was denatured at 70°C for 5 min and, sub
sequently, the cDNA synthesis was performed 
at 37°C for 60 min in a total volume of 20 111 
using random hexamer primers (Boehringer, 
Mannheim, Germany). To increase the specifity 
of the amplified products and the sensitivity of 
detection we applied a two step protocol: 1 111 of 
the first round PCR-product was subjected to 
the second PCR re action using an internal (nest
ed) primer set. The PCR amplification contained 
2111 from the total of 20 111 cDNA, 4 pmol of each 
5' and 3' primer in the first PCR round and 20 
pmol of each 5' and 3' primer in the second PCR 
round. 

We used the following primers for the detec
tion of the MLLlAF4 transcript: MLL extern, 
upstream, 5'-CTGAATCCAAACAGGCCACCA 
CTC-3', MLL intern, upstream, 5' -GGTCTCCCA 
GCCAGCACTGGTC-3', AF4 extern, down
stream 5' -GTCACTGAGCTGAAGGTCGTCTTC-
3', AF4 intern, downstream 5' -AGCATGGAT
GACGTTCCTTGCTGA3-3'. To check the 
integrity of the isolated RNA and the correct 
cDNA synthesis the normal nonrearranged 
AF4 gene was also amplified by AF4 primers 
(AF4 extern, upstream 5' -ACCTACTCCAAT
GAAGTCCATTGTG-3', AF4 intern, upstream 
5' - GAAGAGATTCTGAAGGAAATGACCC-3', 
AF4 extern, downstream 5' -GTCACTGAGCT
GAAGGTCGTCTTC, AF4 intern, downstream 
5' -AGCATGGATGACGTTCCTTGCTGA-3'). For 
amplification, cydic reactions were performed 
in a thermal cyder (biomed, Theres, Germany). 
Each cyde consisted of denaturation at 94°C for 
60 s, primer annealing at 60°C for 90 s, and 
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polymerization at 72 oe and twenty-five amplifi
cation cydes were performed in the first or sec
ond peR run, respectively. In the last cyde of 
each run the polymerization was extended to 20 
min. 

In each peR run negative controls were 
induded in which cDNA had been replaced by 
sterile water. Messenger RNA from the HL60 
promyelocytic ceH line was used as a second 
negative control for MLL-l/AF4 expression. As a 
positive control template we amplified cDNA 
from the MV 411 ceH line (DSM, Braunschweig, 
Germany) which bears a t(4;11) [5]. After peR 
amplification 10 111 aliquots were run on a 2.0% 
agarose gel. Gels were stained with ethidium 
bromide and photographed using an UV-trans
illuminator. 

Moreover, the peR product obtained was also 
sequenced by the chain termination method [6] 
(Fig. 1). 

Results and Discussion 

We evaluated the sensitivity of our nested peR 
assay by amplification of the MLL/AF4 
rearrangement from the MV 411 ceH line mixed 
with an increasing amount of HL60 ceHs. Our 

peR assay was shown to be able to detect one 
MLL/AF4 rearranged ceH per 100.000 unre
arranged ceHs. 

Such a level of sensitivity is several orders of 
magnitude above that of other techniques, such 
as cytogenetics, morphological evaluation of 
bone marrow smears or Southern blotting. 
Therefore, regarding sensitivity, our protocol 
fulfils the requirements needed for looking at 
minimal residual disease in patients with 
MLL/ AF4 recombination. Such an analysis is 
currently under progress in adults and children 
who were positive for the MLL/AF4 recombina
tion at diagnosis (Janssen et al., manuscript in 
preparation). 

Life-table analysis performed on patients 
with ALL have consistently identified the t(4;11) 
as a bad prognostic indicator [2]. As the t(4;11) 
has been associated with early progenitor B-ceH 
ALL [7] we started a diagnostic screening proce
dure for aH children with pre-pre-B-ALL at diag
nosis using this peR assay. 

As published previously, we examined 10 

cases of pre-pre-B ALL and 5 of them revealed a 
positive MLL/AF4 recombination [8]. The 
amplified peR products differed in size from 
380-670 basepairs indicating alternatively 
spliced hybrid mRNA transcripts. By DNA 
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Fig.l. Amplification of MLL-AF4 fusion mRNA in the MV 411 cellline mixed with an increasing amount of HL60 
cells. By DNA-sequencing we found a fusion between MLL exon 6 and codon 362 of the AF4 gene. Nucleotide 
positions were taken from Gene Bank Accession Number L04731 for MLL and L13773 for AF4 
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Table 1. Infant patients with pre-pre-B ALL and an 
MLLlAF4 recombination as detected by RT -PCR 

Patient Age MLL-AF4 
No Sex (months) fusion transcript 

f exon 7 - co don 348 
exon 8 - codon 348 

2 m 2 exon 7 - codon 362 
exon 8 - codon 362 

3 f 6 exon 6 - codon 362 
4 f 11 exon 6 - codon 362 
5 f 11 exon 6 - codon 362 

sequencing we determined furthermore the 
exact fusion pattern between the MLL gene and 
the AF4 gene. These results are summarized in 
Table 1. 

Taken together, the RT-PCR assay presented 
here will provide a rapid and sensitive method 
to diagnose a substantial part of patients with 
high-risk leukemia and to monitor minimal 
residual disease in such patients under intensive 
treatment protocols. Moreover, we were able to 
demonstrate different molecular subtypes of 
t(4;11). 
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Introduction 

Abnormalities at chromosome uq23 can be 
found in many different kinds of leukemia. At 
the molecular level, a gene named MLL is 
involved in all these translocations. The 5' -
region of this gene is fused to the 3'-part of dif
ferent translocation partner genes resulting in 
transcription of a hybrid mRNA [1]. Most uq23 
abnormalities are clinieally relevant. Patients 
bearing a translocation t(4;U), for example, have 
a very poor prognosis [2]. For this reason, rou
tine diagnositic techniques are required. Con
ventional karyotyping, however, is rather time 
consuming and does only provide sufficient 
results in about 60% of the bone marrow speci
mens examined. Based on the PCR, much more 
sensitive assays became available during the last 
years. Usually, these techniques enable a suffi
cient analysis in more than 90% of the sam pies. 
However, an increasing number of detectable 
chromosomal translocations and a limited 
amount of patient's material require a restric
tion of the number of PCR-assays to be per
formed from each sampie. Multiplex-PCR using 
several primers in a single PCR-reaction tube 
may overcome some of these problems and 
enable the detection of different chromosomal 
translocations by a single PCR-reaction. 
Translocations involving the q23 region of chro
mosome 11 seem to be an ideal target for this 
procedure, because acute leukemias of different 
lineages have similar MLL gene fusion sites at 
uq23. For this reason, a combination an MLL 
specific primer with 3 other primers, each spe-

cific for a possible translocation partner gene, 
may enable the detection of 3 different 11q23 
abnormalities by a single assay. 

Wehave used a nested primer pair spanning 
a 3' -terminal region of exon 5 within the MLL 
gene and three nested primer pairs each located 
within one of the three possible translocation 
partner genes at chromosome 4, 9, and 19, 
respectively. A visable band after agarose gel 
analysis of the PCR-product clearly demonstrat
ed the presence or absence of one of these three 
uq23 abnormalities. However, a molecular het
erogeneity at the uq23 breakpoint can result in 
variable sizes of the PCR-products and prevent 
an exact definition of the translocation partner 
of the MLL gene simply by agarose gel analysis. 
To overcome these difficulties, we added three 
different fluorescent-labels to the 5'-end of the 
PCR primers specific for chromosome 4, 9, or 
19, respectively. By using the Genescan-software 
on the automatic DNA-sequencer 373A (applied 
biosystems, Foster City, California) the translo
cation partners of the MLL gene were identified 
by their characteristic fluorescence and the mol
ecular breakpoints were determined by an auto
matie size calculation of each PCR-product. 

Materials and Methods 

We used the celliines MV 4-11 and Mono-Mac 6 
for amplification of the molecular equivalents of 
a t(4;11) or a t(9;11), respectively. These celliines 
were kindly provided by H. Drexler (DSM, 
Braunschweig, Germany). As a positive control 
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for amplification of the MLLlENL rearrange
ment, the molecular equivalent of t(11;19), we 
used a bone marrow sampie from a patient with 
a secondary AMI and a t(11;19). Mononuclear 
bone marrow cells from this patient were har
vested after centrifugation over a Ficoll
Hypaque gradient. Cells grown in tissue culture 
suspension were used directly. Total RNA was 
purified by a single step method [3]. The RNA 
was denatured at 70°C for 5 min and, subse
quently, the cD NA synthesis was carried out at 
37°C for 60 min in a total volume of 20 ~l using 
random hexamer primers (Boehringer, 
Mannheim, Germany). 

PCR-primers were synthesized on an Applied 
Biosystems oligonucleotide synthesizer (abi, 
Foster City, California, USA) and purified by 
high performance liquid chromatography 
(HPLC). The PCR primers sequences were cho
sen based on published sequence data [4-6]. 

To improve sensitivity and specificity we per
formed a two step semi-nested PCR protocol 
using the synthetic oligonucleotide primers as 
shown in Table 1. After an initial melting step (5 
min at 94°C) the enzyme was added and 35 
amplification cycles of 60 s at 94°C, 120 S at 
60°C, and 120 s at 74°C were carried out in 
50 ~l final volume containing 4 pmol of each 
primer during the first round of the nested PCR. 
One mieroliter of the first round product was 
subjected to the second round of PCR. This dif
fe red from the first round of peR by the number 
of cycles whieh was reduced to 25, and the 
amount of primer (20 pmol). PCR-cycling was 
performed in a bio-med Thermocycler 60 (bio
med, Theres, Germany) using a GeneAmp kit 
(Perkin EImer, Überlingen, Germany). PCR 
products were analyzed on a 2% agarose gel and 
visualized by ethidium bromide staining. One 
microliter of the final PCR product was diluted 
with 9 ~l of sterile water. A master mix corre
sponding to 0,5 f1l Genescan standard (Genescan 

2500TMROX' Applied Biosystems, Foster City, 
California, USA) and 2,5 JlI formamide per sam
pIe was prepared. One JlI of the diluted PCR 
product was added to 3 f1l of this mastermix. 
The sampies were heated to 90°C for 2 min and 
quenched on iee for 3 min. Three f1l of each sam
pIe were subjected to electrophoresis over a 6% 
polyacrylamide gel in an automatie DNA
sequencer 373A (Applied Biosystems, Foster 
City, California, USA). Gels were analysed using 
the "Genescan" -software. 

Results 

Our seminested-PCR assay was able to detect all 
three chromosomal translocations t(4;11), t(9;11), 
and t(11;19), respectively, as shown in Figure 1. 

The sensitivity was higher than 100 cells bear
ing the translocation in the amount of 100000 
cells used for RNA preparation (data not 
shown). Even though, the PCR-products 
obtained from these translocation were clearly 
different in size (Fig. 1) agarose gel analysis can
not be considered sufficient for a discrimination 
between the three translocation partner genes of 
MLL. In case of t(4;11) it is well proven that a 
variable number of MLL gene exons can be 
found within the hybrid mRNA genera ted by the 
gene translocation. This fact will lead to variable 
sizes of the PCR-products generated by our 
assay. In case of t(11;19) and t(9;11) the existence 
of variable splicing sites also can be assumed 
(Borkhardt et al., unpublished) but, so far, they 
have not yet been characterized in detail. For 
this reason the fluorescence-Iabeled PCR-prod
ucts were subjected to genescan analysis. By this 
procedure each of the three translocations was 
clearly identifiable by a characteristie fluores
cence color signal. As expected, it was blue in 
case of t(4;11), yellow in case of t(9;11), and green 
in case of a t(11;19) (Fig. 2). Furthermore, genes-

Table 1. Primer sequences used in the multiplex-PCR assay 

Primer 

MLL, extern,sense 
MLL,intern, sense 
AF4,antisense 
AF9. antisense 
ENL,antisense 
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Nucleotide sequence (5' -3') 

CCTGAATCCAAACAGGCCACCACT 
GGTCTCCCAGCCAGCACTGGTC 
AGCATGGATGACGTTCCTTGCTGA 
CGTGATGTAGGGGTGAAGAAGCAG 
CCACGAAGTGCTGGATGTCACAT 

5' -dye label color 
in gene scan 
analysis 

FAM, blue 
T AMRA, yellow 
JOE, green 



863bp 

517bp 
453bp 
394bp 
298bp 

c C C M N T 
4 9 19 W E 4 

T T 
9 19 

Fig. I. Agarose gel analysis of the PCR-products. 
MW = molecular weight marker, NE negative control, 
T 4-TI9 = products of multiplex PCR to detect the 
translocations t(4,11), t(9;11), and t(11;19), C4-C19 = 

control amplification of the AF4 gene to ensure suffi
cient RNA quality 

can analysis produces an exact size calculation 
of each PCR-product. This enables a determina
tion of the molecular subtypes of the chromoso
mal breakpoints if the possible different splicing 
variants are known. 

Discussion 

Chromosomal translocations involving llq23 are 
most frequently found in infant's acute leu
kemias of an immature subtype (e.g. pre-pre-B
ALL). In case of the translocation t(4;11), 
especially, it is weil established that these 
patients have a very poor prognosis [7]. For this 
reason, they will be considered to be stratified 
into the "high risk group" of the new German 
multicenter therapy study for childhood acute 
lymphoblastic leukemia (ALL-BFM94) [8]. Prior 
drawing therapeutic consequences, however, a 
sufficient diagnostic procedure is required to 
obtain exact results within a short time. For this 
purpose, PCR-based techniques display several 
advantages as compared to other conventional 
methods, such as karyotyping or Southern-blot
ting: their sensitivity is higher, sufficient results 
are obtained in a higher number of sampies, and 
they are less time consuming. PCR-based tech
niques, on the other hand, usually only allow the 
detection of a single chromosomal transloca
tion, whereas conventional cytogenetics or 

6% polyacrylamide gel 

546bp 
490bp 
470bp 

361 bp -

1 2 3 

Fig. 2. Genescan analysis offusion sites of the translo
cations t(4;11), t(9;11), and t(1l;19) as amplified by mul
tiplex PCR. Lane I, MLL/AF4 rearrangement (blue), 
Lane 2 MLL/AF9 rearrangement (yellow), Lane 3 
MLL/ENL rearrangement (green). Note the different 
spliced transcripts in Lane 2. The internal size marker 
is dye-Iabelled with Rox (red). (Color prints may be 
ordered directly from the authors) 

Southern-blotting can detect more than one 
translocation at the same time [9]. A reasonable 
compromise to overcome this disadvantage of 
PCR may be the use of several primers in a sin
gle reaction tube, each specific for one of the 
different translocations to be detected (mul
tiplex-PCR). llq23 abnormalities are an ideal 
target for this procedure because the MLL spe
cific primer can maintained in combination with 
different other primers located on the possible 
translocation partner genes to detect several 
chromosomal transolcations involving llq23 by 
one PCR-reaction. In multiplex-PCR, however, 
each of the different target translocations can be 
the reason for a visible band on the final agarose 
gel. Identification of the different chromosomal 
rearangements is usually achieved by placing 
the PCR-primers in a way that generates charac
teristic sizes of PCR-products from each of the 
translocations to be detected. In case of llq23 
abnormalities, however, this may be difficult 
due to the usage of alternative exons of MLL 
combined with variable splicing sites of the part
ner genes at chromosome 4, 9 and 19. Our assay 
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simply allows the identification of the specific 
chromosomal translocation by different colors of 
the corresponding PCR product. After cloning of 
other l1q23 translocations like the t( 6;11) [101 
these rearrangements can also be included in 
such a llq23 multiplex PCR approach. 
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Designing Probe Sets tor the Detection ot Chromosome Abnormalities 
in Acute Myeloid Leukemia Using Fluorescence In Situ Hybridization 

K. Fischer" C. Scholl', G. Cabot" M. Moos', R. Schlenk" P. Theobald', R. Haas', M. Bentz', P. Lichter', 
and H. Döhner' 

Introduction 

In recent years, the karyotype as a prognostic 
factor in acute myeloid leukemia (AML) has 
gained considerable interest. Clonal chromo
some aberrations are identified in 50-60% of 
patients with AML (for review see [1]). The most 
frequent numericaI abnormaIities are trisomy 8 
(+8), monosomy 7 (-7) and nullisomyY, and the 
most frequent structural aberrations are t(15;17), 
t(8;21), abnormaIities ofband 16q22 (abnlI6q22), 
deletions of the long arm of chromosomes 5 
[del(5q)] and 7 [del(7q)], translocations involv
ing band nq23 [t(9;n) and others], del(9q), 
del(nq), del(12p), and del(20q). The frequency 
of these chromosome aberrations varies from 
approximately 10% (+8) to less than 1% 
[del(12p)] with conventional cytogenetic analysis. 

Retrospective and prospective clinicaI studies 
have shown that the karyotype in patients with 
AML is associated with significant differences in 
the complete remission (CR) rates and the 
survivaI times (for review see [1,2,3]). The pos si
bility to identify risk-groups based on the kar
yotype opens the new perspective of selecting 
risk-adapted therapies [4]. 

G-banding analysis, however, may be techni
cally difficult due to reduced cell viability after 
transport to the central reference laboratory, the 
complexity of the karyotype or the low in vitro 
proliferative activity of the leukemic cells. 
Improvements in fluorescence in situ hybridiza
tion (ISH) techniques have provided an app
roach alternative to G-banding analysis. Using 

specific DNA-probes, chromosome abnormali
ties cannot only be detected in metaphase cells 
but also in interphase nuclei (interphase cytoge
netics) [5]. We have designed a DNA probe set 
that allows the detection of some of the most 
frequent numerical and structural chromosome 
aberrations in AML. 

Patients and Methods 

So far, 14 patients with de novo AML (age 16-59) 
were studied by G-banding analysis and by fluo
rescence ISH. G-banding anaIysis was perfor
med as previously described [6]. 

For the detection of numericaI abnormaIities 
the following probes are currently used: D7Z1 
(-7), D8Z1 (+8), DnZI (+n), DYZ3 (~Y) (all 
centromere specific probes; Oncor Sciences, 
Gaithersburg, MD); 22/1 (+22) [7]; and cosmid 
clone c518 mapping to 21q22.3 (+21) (generously 
provided by Dr. K. Klinger, Integrated Genetics, 
Framingham, MA). For the detection of struc
tural chromosome abnormaIities the following 
probes are used: yeast artificial chromosome 
(YAC)-clone yPR4n containing FMS encoding 
sequences (5q ~) (generously provided by Dr. 
Brownstein, St. Louis, MO), a cosmid pool map
ping to chromosome band 7q22 (7q ~) (provid
ed by Dr. K. Klinger), YAC-clone 13HH4 
spanning a 440-kb region on band nq23 includ
ing the MLL gene [t(9;n) and variants; provided 
by Dr. B. Young, London], and a cosmid pool 
recognizing the P53 tumor suppressor gene 
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(17P - ) (provided by Dr. A. Poustka, 
Heidelberg). The probes were labeled by nick 
translation with biotin-16-dUTP or digoxigenin-
11-dUTP (Boehringer Mannheim). Fluorescence 
ISH was performed as described [8-91. 
Fluorescence signals were enumerated in 200 to 
400 interphase cells. Slides were viewed on a 
microscope (Axioskop, Zeiss, Oberkochen) 
equipped for epifluorescence and illustrations 
were produced using a cooled charged coupled 
device (CCD) camera (KAPPA, Gleichen). 

Results 

The cut-off level for each probe was derived 
from hybridization experiments of live pro
bands. A trisomy was diagnosed if patients 
exhibited highly signilicant (mean + 3 standard 
deviations) percentages of cells with three fluo
rescence signals. For the detection of mono
so mies or deletions, dual-color hybridization 
using two probes of similar complexity was per
formed as previously described [91. 

So far, 14 patients with de novo AML were 
investigated. The comparison between the 
results of G-banding analysis and fluorescence 
ISH is shown in Table 1. In four patients (nos. 
3,4,10,12) no adequate metaphases were found 
on G-banding analysis: In one of these patients 
(no. 3) trisomy 8 was detected by ISH, the other 
three patients showed no clonal aberrations 
regarding the regions investigated. Three 
patients (nos. 2,8,11) had anormal karyotype on 
G-banding analysis and by ISH. Seven patients 
had clonal abnormalities by G-banding: One of 
these patients (no. 5) had a t(9;U) and trisomy 8 
that was also detected by ISH. Another patient 
(no. 14) had loss of 17pll-pter on G-banding and 
a P53 deletion by ISH. In three patients (nos. 
1,7,13), who exhibited a complex karyotype that 
could not be completely analyzed on G-banding, 
we could characterize the clone by ISH: these 
three patients had either 5q - (Fig. 1) or 7q. Two 
patients (nos. 6 and 9) had clonal aberrations on 
G-banding that could not be detected by the 
probe set. 

Table I. Comparison of the results obtained by G-banding analysis and 
by fiuorescence ISH (FISH) 

Pt.No. G-banding 

Complex 
[not completely evaluable] 

2 46,XX 
3 No metaphases 
4 No metaphases 
S 46,XX,t(9;1l)(p22;q23)[18] 

47,XX, +8,t(9;1l)(p22;q23)[2] 
6 46,XY,ins(2;3)(p22;q2Iq26) 
7 46,XY ,del(7) (qllq36),complex 
8 46,XX 
9 46,XX,del(9)(pI3), 

der(1O )t( 1O;1l)( q22;q12), 
add(1l)(qll),-14, +mar 

10 No metaphases 
II 46,XX 
12 No metaphases 
13 3P-,Sq-,-7,complex 

[not completely evaluable] 
14 46,XY,del(9Q) (q12q22), 

-17, +der(17)t(1l;17)( QI3;pll) 

*no clonal aberration found 

FISH 

sq - ,+8,+1l,+21,+22 
* 

+8 

+8,t(llq23)** 

Sq-,+21 
del(p53), + llq** 

**pts sand 14 had three signals with YAC clone 13HH4; using this clone 
only, the diagnosis of the t(llq23) and the partial trisomy II (+llq) can
not be made by ISH alone, but only with knowledge of the G-banded 
karyotype 
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Fig. 1. Hybridization of interphase cells from patient 1 with YAC clone yPR411 recognizing the FMS gene: Note 
only one fluorescence signal in all cells indicating the FMS gene deletion. On G-banding analysis the patient 
exhibited a complex karyotype that could not be completely evaluated 

Conclusions and Perspectives 

We have designed a DNA probe set that aIlows 
the detection of some of the most frequent 
numerical (-7, +8, +u, +21, +22, -Y) and 
structural [del(5q), del(7q), t(uq23)] chromo
some aberrations in AML. In a pilot phase, 14 
patients with de novo AML were investigated 
with this probe set at initial presentation: In one 
patient without adequate metaphases trisomy 8 
was detected by ISH. In three other patients who 
exhibited a complex karyotype that could not be 
completely evaluated on G-banding, we could 
characterize the clone by fluorescence ISH. 
These preliminary experiments indicate that flu
orescence ISH using a disease-specific DNA 
probe set may become a valuable adjunct to 
conventional banding analysis for the rapid and 
reliable identification of clonal chromosome 
aberrations. This DNA probe set is currently 
being investigated in a multicenter AML treat
ment trial evaluating different postremission 
therapies that are stratified according to the 
karyotype. 

Another potential application for this DNA 
probe sets is the monitoring of the remission 
status and the detection of minimal residual dis
ease. However, for the detection of less than 3% 
to 5% malignant ceIls by ISH more complex 
probe sets have to be used. This is due to the 

occurrence of false positive ceIls in a frequency 
comparable to that of residual tumor ceIls. To 
increase the sensitivity of detection two or more 
probes that serve as mutual internal controls 
can be combined in a multi-color multi-probe 
ISH [10]. The sensitivity can be further in
creased by hybridizing ceIl fractions enriched 
for the malignant ceIls (e.g. CD34 positive ceIls). 
In comparison to polymerase chain reaction 
(PCR) based diagnostic tests, detection of resid
ual disease by fluorescence ISH may be less sen
sitive and more time consuming. However, it 
aIlows the quantification of the malignant clone 
and the detection of chromosome abnormalities 
for which no PCR assays are available. 
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The Amplification of the Wilms Tumor Gene (wt-l) mRNA 
Using the Polymerase Chain Reaction Technique (PCR) 
May Enable Sensitive Detection of Small Blast Populations in AML 

J. Brieger, E. Weidmann, K. Fenchel, P. S. Mitrou, 1. Bergmann, and D. Hoelzer 

Abstract. Leukemic cens from 52 patients with 
AML were examined for the expression of wt-l 
mRNA. Blast cens were isolated from bone mar
row or peripheral blood. Total RNA was extract
ed and wt-l transcription was studied via 
RT-PCR. Mononuclear cens and bone marrow 
from healthy persons were used as controls. cen 
surface antigens were determined using FACS
analysis. In dilution experiments the detection 
limit was assessed as 1 out of 10000 cens. Wilms' 
tumor mRNA was detectable in 41 out of 52 
cases of AML (79%). None of the 13 controls 
expressed wt-l. After chemotherapy, six out of 
eleven patients in complete remission (CR) lost 
wt-l expression completely. The remaining five 
patients expressed wt-l mRNA at the same or a 
lower level. The significance of wt-l persistance 
for desease free survival will have to be defined. 

No relation of wt-l expression to FAB, age, 
sex or phenotype was found. Further experi
ments for later evaluation of the value of the 
Wilms' tumor gene as a prognostic factor are in 
progress. Our data show that expression of wt-l 
mRNA is widely spread in akute AML blast ceIls. 
Our observations suggest that analysis of wt-l 
gene-expression via PCR may be a sensitive 
technique for the detection of residual blast ceIls 
foIlowing chemotherapy of AML. 

Introduction 

The detection of small blast populations in 
leukemias may be important after chemotherapy 
or autologous bone marrow transplantation. 

Various translocations have been considered as 
genetic markers for different types of acute mye
locytic leukemia (AML), but aIl have the disad
vantage only accompanying restricted groups of 
AML-subtypes. Moreover, the sensitivity of the 
common detection systems is not always satisfy
ing [1,2]. Recently the Wilms' tumor gene (wt-l), 
a tumor suppressor gene, was isolated [3>4]. The 
Wilms' tumor Gene (wt-l) is generally expressed 
in the fetal kidneys, gonads, spleen and in Wilms' 
Tumors, a tumor of the kidneys. The gene 
encodes a zinc finger DNA binding protein, that 
functions as a transcriptional suppressor of dif
ferent growth and differentiation related genes, 
as insulin like growth factor-2 (IGF-2)[5] or 
platelet-derived growth factor a-chain (PGF)[6]. 
Moreover wt-l is homologue to the early growth 
response genes 1 and 2 (EGR1,-2)[7,8,9], two 
other growth related genes. Additionally, PGF
gene expression can be upregulated by the wt-l 
gene product [10]. Recently, a crossregulating 
activity with the tumor suppressor gene P53 was 
described [11], a gene widely involved in carcino
genesis [12] and discussed to be related to 
hematopoetical disorders [13,14]. Different dele
tions and point mutations in this gene have been 
detected in the tumor as weIl as in the germline 
of the same patients. Therefore, it seems likely 
that the mutated wt-l gene product is involved in 
carcinogenesis [15,16]. Recently the expression of 
wt-l exclusively in blasts with immature pheno
types of the myeloid lineage has been demon
strated [17,18]. 

This study was designed to obtain evidence 
for the hypothesis that the wt-l gene might be 
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useful as a marker for the detection of blast cells 
using the highly sensitive PCR-technique. For 
this purpose we established a RT-PCR assay and 
evaluated the quote of wt-l gene expression in 
untreated acute leukemias (AL), in complete 
remission (CR), healthy persons and in leu
kemia derived celliines. Patients with untreated 
AL and three cell lines expressed high levels of 
wt-l mRNA, whereas wt-l expression was unde
tectable or reduced in bone marrow cells of 
AML patients in complete remission. 

Materials and Methods 

Sampies. Fifty-two patients with previously 
untreated AML, 11 patients in CR, 13 healthy per
sons and 4 myeloid leukemia derived cell lines 
(Hel 92L7, HL 60, KG I, K 562) were examined in 
this study (Table 1). For this purpose bone mar
row (BM) or peripheral blood mononuclear cells 
(PBMNC), containing 35-95% blast cells, were 
recovered from heparinized BM aspirated at 
time of diagnosis or heparinized PB. After den
sity gradient sedimentation using Ficoll
Hypaque, the cells were washed twice with 
phosphate buffered saline (PBS) and used for 
phenotyping or RNA extraction. 

Leukemias were classified using the morpho
logical and cytochemical criteria of the French
American-British (FAB) classification [19l. 

Table 1. Patients characteristics 

Patients n wt-l+ 0/0 

Controls 13 0 0 
AML, total 52 41 79 
AML,denovo 45 36 80 

Mo 100 
MI 4 4 100 
M2 16 11 69 
M3 4 4 100 
M4 13 11 85 
M5 5 3 60 
M6 100 

undefined 100 
AML, following MDS 7 5 71 

MI 100 
M2 2 50 
M5 0 0 

undefined 3 3 100 
age >60 years * 16 14 88 
age <60 years * 33 24 73 

* patients' median age: 51 years (range 21-75) 

502 

PCR. Aliquots of 5 Ilg total RNA were reverse 
transcribed and used for amplification with wt-l 
specific oligonucleotides, according to published 
sequences [20]. Conditions of amplification 
were: 35 cycles of amplification starting with 5 
min. at 94°C before adding the enzyme. The 
cycles were initiated by denaturating the DNA at 
94°C for 30 sec., followed by an annealing reac
tion for 30 sec. at 64°C and extending at 72°C 
for 45 sec. After the last cycle, we applied a final 
extension re action at 72°C for 7 min. The ampli
fication products (857bp) were separated by 
electrophoresis on an 1% ethidium bromide 
stained agarosegel and classified in not ampli
fied( -), weakly( + ), moderately( + + ) and 
strongly amplified( + + + ). 

Southern blot. Electrophoresed PCR products were 
biotted on uncharged nylon membran and 
hybridized with an wt-1 specific biotinylated 
oligonucleotide. Chemoluminescent detection of 
the hybridisation product was performed 
according to manufactors' instructions (Tropix, 
Bedford, MA). 

Immunofluorescence analysis. Mononuclear cells were 
stained by double color direct immunofluores
cence (phycoerythrin (PE) and fluorescein
isothiocyanate labeled (FlTC» with aseries of 
monoclonal antibodies (MoAbs) and studied 
immediately. Detection was gated primarily on 
the subpopulation of malignant cens by forward 
and side scatter and by exclusion of normallym
phocyte populations via CD3 labeling. Analysis 
of phenotypical characteristics was performed 
using a FACScan flow cytometer and the Lysys 11 
software (Becton-Dickinson, Heidelberg, FRG). 
The following MoAbs. were used: CD19 (Leu 12), 
CD34 (HPCA-2), CD2 (Leu 5), CD7 (Leu 9), CD33 
(LeuM9). Antibodies were purchased from 
Becton-Dickinson. Controls were performed 
with unstained cells and non-reactive antibodies 
(MsIgG and MsIgM). Double fluorescence 
analysis was performed with CD71CD33 MoAbs. 
Leukemias were defined as positive in cases 
expressing more than 20% of the studied anti
gen [21]. 

Blast cells from 6 representative patients were 
sorted using FACSort (Becton-Dickinson, 
Heidelberg, FRG) to 95-100% purity and wt-l 
expression was studied. 

Detection limit of wH analysis via RT-PCR. Total RNA 
isolated from the wt-l positive cellline Hel and 



from a healthy person was used in experiments 
evaluating the sensitivity of the teehnique. For 
this purpose 106 eeUs, eontaining 10, 100, 1000, 
10000, 100000, 500000 wt-1 positive Hel-eeUs 
and eorresponding amounts of wt-1 negative 
PBMNCs were mixed. Total RNA was extraeted, 
reverse transeribed and amplified. The amplifi
eation produets were separated on an agarose 
gel and stained with ethidium bromide. FinaUy 
the gel was biotted and hybridized with wt-1 spe
eifie oligonucleotides. 

Results 

After reverse transeription of total eeUular RNA, 
isolated from 52 patients with AML, four leu
kemia derived eeUlines and 13 healthy eontrols, 
wt-1 specifie transeripts were amplified by PCR. 
After separation on an agarose gel, southern 
blot analysis was performed to eonfirm the 
specifieity of the amplifieation. A representative 
gel and the eorresponding southern blot are 
doeumented in Figure 1. 

In none of the 13 examined healthy eontrols a 
signal was obtained. 41 out of 52 AMLs (79%) 
were wt-1 postive (Table 2). Three out of four 
leukemia derived eeU lines expressed wt-1 
mRNA; only the line HL 60 was wt-1 negative. 
No relation to FAB-subtype or age of the patient 
eould be demonstrated (Table 1). No eorrelation 

A M 1 
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of wt-1 expression to any predominanee of eeU 
surfaee antigens was deteetable. 

In order to analyze possible ehanges of wt-1 
expression in patients with newly diagnosed 
acute leukemias and after reaehing of CR, the 
ethidium bromide stained PCR-produets were 
classified in not amplified to strongly amplified. 
In eomplete remission six patients out of eleven 
lost wt-1 expression completely and in two eases 
redueed signals were deteetable. In two patients 
no altered wt-11evels were deteetable. 

The aehievement of remissions was so far 
independent ofwt-1 expression (Table 2). 

The deteetion limit of the deseribed PCR
assay was evaluated as one wt-1 positive eeU out 
of 10000 wt-1 negative eeUs, as doeumented in 
Figure 2. 

Table 2. Expression of wt-1 in relation to response 

wt-1 +patients at 
diagnosis (n) % 

AML,denovo 36/45 80 
CR 21/29 72 
NR 14/16 88 

AML following MDS 517 71 
CR 0/1 
NR 5/6 83 

Healthy controls 0/13 0 

2 3 4 5 6 7 

- - .. -
B 

Fig.1. Expression of wt-1 specific mRNA in acute myelocytic blast cells. jhnA: Ethidium bromide stained agarose 
gel; B: Corresponding southern blot M: Marker, Hind/Eco-digested Lambda DNA. 1: positive control; 2: negative 
control; 3-7: AMLs 
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M 1 2 3 4 5 6 7 8 9 10 

---
...... .,... - -.'. 
Fig. 2. Dilution series of blast cells to define the detection limit. M: Marker, Hind/Eco-digested Lambda DNA. 1: 
negative contro!. 2: positive contro!. 3: undiluted Hel 921.7 cells (wH negative). 4: undiluted blast cells (wH posi
tive). 5: 10 blastsl106cells; 6: 1001106; 7: 10001106; 8: 10000/106; 9: 1000001106; 10: 5000001106 

Discussion 

This study was designed to evaluate if the tumor 
suppresor gene wt-1 may serve as a genetic 
marker for the detection of blast cells. For this 
purpose we established a sensitive peR assay 
and determined the frequency of wt-1 expres
sion in leukemia derived cell lines and in 
untreated acute myelogenous leukemias or after 
achieving of eR, respectively. 

We found that the wt-1 gene is widely 
expressed in acute myelogenous leukemias 
(about 80%), but not in healthy persons. 
Moreover, in complete remission the gene's 
expression is often reduced. As three out of four 
examined cell lines were positive, too, we sug
gest that the Wilms' tumor gene could be related 
to blast cells and therefore to the development 
of acute myelogenous leukemias. The presence 
of wt-1 was not correlated to FAB-subtype or 
phenotypical characteristics of the leukemias. 
The independency of the gene's expression from 
the differentiation of blast cells may suggest 
again, that the expression of the gene is general
ly related to AMLs. 

The established peR assay has a sensitivity of 
one positive cell out of 10000 negative cells. All 
together, the peR facilitated detection of wt-1 
gene transcripts might be a suitable technique 
for the detection ofleukemic blast cells. 
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Introduction 

The differentiation of human pluripotent prog
enitor ceHs to the functional effector ceHs in the 
peripheral blood is accompanied by the sequen
tial acquisition and loss of characteristic ceH 
surface molecules. Stern ceHs are identified by 
function [1,2] and by immunophenotype. They 
express a 110-115 kD ceH surface molecule, clas
sified as CD34 [3; 4]. The compartment of CD34 
positive progenitor ceHs can be further subdi
vided based on coexpression of other, lineage
restricted and lineage-nonrestricted ceH surface 
antigens such as CD38, HLA-DR [5], stern ceH 
factor receptor (c-kit) [6], CD45 RA [7], CD19 
[8], CD33 [9] and cytoplasmatic myeloperoxi
dase [10]. 

50-80% of patients with newly diagnosed 
acute myeloid leukemia (AML) or acute lym
phoblastic leukemia (ALL) express CD34 on the 
leukemic blasts. Correlation of CD34 positivity 
in AML with other ceH biologicalor clinical 
parameters have shown an association between 
a more immature morphological phenotype, 
expression of the multidrug resistance protein 
(MDR-1) [11], previous exposure to myelotoxic 
drugs [12], and clonal karyotypic abnormalities, 
i.e. -5, 5q-, -7, 7q-, complex karyotypic abnor
malities [13; 14]. The prognostic significance of 
CD34 positivity is controversial. While so me 
authors have observed an unfavorable prognosis 
with lower complete remission rates and shorter 

remlsslOn durations [15], others could not 
reproduce these findings in more intensive ther
apy protocols [16]. In ALL, CD34 positivity was 
more frequently observed in pre pre BALL, fol
lowed by pre B ALL and T ALL. Among patients 
with B lineage ALL, CD34 expression was associ
ated with hyperdiploidy, absence of central ner
vous system leukemia, low LDH and expression 
of CDlO [17]. Novel therapeutic strategies 
increasingly depend on discrimination of nor
mal and leukemic progenitors. Postremission 
stratification based on persistence of minimal 
residual disease must include monitoring of the 
leukemic stern ceH population. Myeloablative 
therapy with autologous stern ceH transplanta
tion also depends on the isolation of progenitor 
ceH without malignant transformed stern ceHs. 
Gene therapeutic manipulation of either normal 
stern ceHs inducing a more chemotherapy-resis
tant phenotype or as part of causal therapies 
rely on reproducible methods for discrimination 
ofboth compartments. 

In this study we have analyzed the composite 
immunophenotype of hematopoietic stern ceHs 
in bone marrow aspirates of 231 bone marrow 
aspirates from patients with newly diagnosed 
AML, and from 37 bone marrow aspirates of 
patients with newly diagnosed ALL. Sampies 
were analyzed by multiparameter flow cytome
try with three color immunofluorescence using 
directly conjugated monoclonal antibodies 
against CD34, CD38 and HLA-DR [18,19,20]. 
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Patients, Material and Methods 

Patients. Bone marrow aspirates from 231 patients 
with newly diagnosed AML were inc1uded in the 
study. They are part of a multicenter study for 
characterization of minimal residual disease in 
hematological complete remission. Patients 
were admitted to the Departments of Internal 
Medicine at the Universities of Münster, 
Düsseldorf or Göttingen, Germany. Diagnosis 
was based on light microscopical examination of 
Pappenheim-stained slides and cytochemical 
reaction with PAS, myeloperoxidase and 
esterase. Classification was performed according 
to the criteria of the FAB group [21]. Patients 
with a history of exposure to cancerogenic 
agents (radiation, benzene, cytostatic drugs) or 
antecedent hematological dis order were c1assi
fied as secondary acute leukemia. 

215 patients were treated according to the 
protocols of the German multicenter AML coop
erative group (Coordinator: Prof. Dr. Th. 
Büchner). Patients received an induction course 
with thioguanine, Ara-C and daunorubicine for 
9 days (TAD9) [22]. Patients under the age of 60 
received a mandatory second induction course 
with high dose Ara-C and mitoxantrone (HAM). 
Patients above the age of 60 received a second 
induction course only when bone marrow aspi
ration on day 16 revealed ~ 5 % leukemic blasts. 
Patients treated after 1991 at the University 
Hospitals of Münster or Göttingen were ran
domized to priming with granulocyte macro
phage colony stimulating factor (GM-CSF). 

Evaluation of therapy response was based on 
the recommendation by the NIH [23]. 
Evaluation of the cause of death was performed 
either on autopsy, if performed, or on review of 
the patients charts. 

31 children and 6 adults with acute lym
phoblastic leukemia were inc1uded in the study. 
Diagnosis was also based on light microscopical 
evaluation of bone marrow aspirates by stan
dard procedures. Immunological subc1assifica
tion was based on two- and three-color 
immunofluorescence with monoc1onal antibod
ies against CD1, CD2, CD3, CD4, CD5, CD7, CD8, 
CDlO, CD15, CD19, CD20, CD22, CDw65, slgM, 
slgK, slgL and HLA-DR. Children were treated 
according to the protocols of the German BFM 
study group, adults according to the protocols 
of the ALL-BMFT protocol. Definition of thera
py response was also based on the criteria of the 
NIH group [21). 

Cell preparation. Bone marrow aspirates were pre
pared for flow cytometric analysis using ery
throcyte lysis. One volume of bone marrow was 
diluted with 14 volumes of the lysing solution 
(10-' M EDTA, 10-3 M KHC03, 0.17 M NH.Cl in 
H,O (pH 7.3» and gently mixed. Cells were lysed 
for 3 to 5 minutes at room temperature, and 
then centrifuged at 200 x g for 5 minutes at 
room temperature. The pellet was resuspended 
in a volume of RPMI 1640 (Whittaker, 
Alkersville, MD) 14 times larger than the origi
nal bone marrow volume and centrifuged at 200 
g for 5 minutes at 4 oe. This washing step was 
repeated twice and the cells were finally resus
pended in phosphate buffered saline (PBS) con
taining 1 % bovine serum albumin and 20 mM 
Hepes (pH 7-3). The cell concentration was 
adjusted to 1 X 107 cells/ml. 20111 of the mono
c10nal antibody conjugated to PE at titer 
concentration was added to 100 111 of cell sus
pension, 10 minutes later the next two mono
c10nal antibodies conjugated to FITC and Biot/ 
Streptavidin PerCP were added. After an addi
tional 5 minutes of incubation on ice, the cells 
were washed once with 2 ml of the PBS solution 
at 4 oe. The pellet of the immunofluorescence 
labeled cells was resuspended in 1 ml of 0.5 % 
paraformaldehyde in PBS. In the control experi
ments cells were incubated with fluorescence 
labeled isotype controls. Instrument set up sam
pIes inc1uded an unstained sampie, and sampies 
stained with CD3 FITC, CD4 PE and CD8 Biotin/ 
Streptavidin PerCP. The following combinations 
of monoc1onal antibodies were used for charac
terization of leukemic cells at diagnosis and at 
follow-up. In the recent analyses the indirect 
staining was substituted by direct1y PerCP-con
jugated antibodies. All antibodies were obtained 
from Becton Dickinson Immunocytometry 
Systems (BDIS), San Jose, CA, USA. 

Immunophenotyping. Flow cytometric analysis was 
performed on a FACScan (BDIS). Data acquisi
tion was performed using the FACScan Research 
Software (BDIS). The instrument setup was 
standardized using T lymphocytes as reference. 
This was achieved by gating on the fluorescence 
intensity of CD3 positive lymphocytes followed 
an adjustment of the light scatter detectors to 
locate the CD3 positive lymphocytes in a stan
dard position in the correlative display of for
ward light scatter and orthogonal light scatter. 
The fluorescence detectors were adjusted using 
a tight scatter gate, obtained from the light 
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scatter of the CD3 posItive lymphocytes, fol
lowed by adjustment of the three fiuorescence 
detectors of an unstained sam oie. Adjustment of 
the cross over of fiuorescence signals of FlTC, 
PE and PerCP into other than the assigned 
detectors was obtained by compensation of 
sampies stained with single fiuorochromes. The 
forward light scatter and orthogonal light scatter 
signals and the two fiuorescence signals were 
determined for each ceH and data of 30000 
events were stored in listmode data files. 

The analysis of the five dimensional data was 
performed with the PAINT-A-GatePlus Software 
(BDIS). This program transforms the orthogonal 
light scatter parameter according to a polynomi
al function which increases the resolution 
between ceH populations in orthogonal light scat
ter and permits the identification of multiple ceH 
populations in the multidimensional data space. 

Statistical analysis. Comparison of incidences in the 
different subgroups was performed by Fishers 
exact test. 

Results 

Acute Myeloid Leukemia 

Heterogeneity. 231 bone marrow aspirates were 
classified according to the composite expression 
of CD34 and CD38. Two characteristic examples 

C034 rITe 

are shown in Figure 1. Differentiation is accom
panied by acquisition of CD38 and sequential 
loss of CD34. Figure lA shows a characteristic 
example of the bone marrow aspirate of a 
patient with newly diagnosed acute myeloid 
leukemia. In aH maturation stages of the normal 
hematopoietic progenitors, leukemic ceHs can 
be found. A second example is given in Figure 
IB. There is also a heterogeneity within the pop
ulation of CD38 positive leukemic blasts with a 
CD34 high and a CD34 dirn blast population. 
However, the percentage of CD34 + /CD8 - ceHs 
is not superior to that of normal bone marrow 
aspirate. Based on the maturation pathway of a 
normal hematopoietic progenitor we have clas
sified AML aspirates in 5 groups: 

group 1: CD34 + /CD38-
group 2: CD34 + /CD38 + 
group 3: CD34( + )/CD38+ 
group 4: CD34- /CD38+ 
group 5: CD34 - /CD38 -

Distribution. The distribution of CD34/CD38 co ex
pression was analyzed in 180 bone marrow aspi
rates of patients with newly diagnosed and 51 
aspirates of patients with secondary acute 
myeloid leukemia. Results are summarized in 
Table 1. 

Classification was based on the most imma
ture ceH population. CeHs were classified in 
group 1, it at least 5 % of the leukemic blasts had 
the most immature phenotype, see Figure lA. 

C034 rITe 

Fig. la,b. Continuous differentiation along the pathway of normal hematopoietic progenitors. a Example 1: 'stern 
cell' like immunophenotype. b Example 2: 'committed progenitor' phenotype 
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Table 1. Distribution of CD34 subpopulations in 231 patients with de novo and secondary AML 

total 

n 231 84 

de novo n 180 64 
% 100 36 

secondary n 51 20 
% 100 39 

The example in Figure 1B was classified in group 
2. Only 4 bone marrow aspirates were not classi
fiable within this scheme. 

The percentage of patients with a very imma
ture immunophenotype of leukemic blasts was 
higher in secondary than in de novo AML, how
ever this difference was statistically not signifi
cant (p = 0.2). 

Prognosis. 215 patients were treated according to 
the protocols of the German multicenter trial. 
Results are summarized in Table 2. The lowest 
CR rate was observed in the patient group with 
blasts presenting the most immature immu-

2 

46 

36 
20 

10 
20 

3 4 unclassifiable 

9 18 40 4 

30 14 34 2 
17 8 19 

9 4 6 2 
18 8 12 4 

nophenotype. It was about equal in the 4 other 
groups. Results also show that the rate of nonre
sponders was not significantly different between 
the groups. The lower CR rate in patients with 
CD34 + /CD38 leukemic blasts was mainly due to 
a significantly higher rate of early death (ED). A 
more detailed analysis of the causes of ED is 
given in Table 3. The CR rate for patients with 
the very immature immunophenotype was even 
lower in the group of patients with secondary 
acute leukemia, treated according to the stan
dard protocol. It is also lower in the second most 
immature group, while it is unexpectedly high in 
patients with a more mature immunophenotype. 

Table 2A. Prognostic siginificance of the immunophenotype of AML blasts according to 
the co expression of CD34 and CD38 in de novo AML 

total 2 4 5 unclassifiable 

n 180 

valuable 172 60 36 28 13 33 2 

CR n 121 35 28 22 11 24 1 
% 70 58 78 79 85 73 50 

NR n 18 7 4 3 0 3 
% 10 12 11 11 0 9 50 

ED n 33 18 4 3 2 6 0 
% 19 30 11 11 15 18 0 

Table 2B. Prognostic siginificance of the immunophenotype of AML blasts according to the coexpression of 
CD34 and CD38 in secondary AML 

total 2 

n 51 

valuable 43 17 9 8 

CR n 25 5 4 
% 58 58 29 

NR n 10 8 2 

% 10 12 11 

ED n 8 4 
% 19 24 11 

3 

4 

7 
44 

0 
11 

3 
38 

4 

4 
100 

o 
o 

o 
o 

unclassifiable 

2 

3 2 

100 100 

0 0 
0 0 

0 0 
0 0 
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Table 3. Causes of Early Death in patients with 
according to the CD34/CD38 immunophenotype 

total 2 3 

n 41 22 7 4 
Infection 18 7 3 
Bleeding 14 7 
cardiac insufficiency 7 6 1 0 

other 2 2 0 0 

Acute Lymphoblastic Leukemia 

Distribution. The composite immunophenotyping 
of acute lymphoblastic leukemia is characterized 
by a great homogeneity of the blast population. 
In all of the 37 patients the composite coexpres
sion of CD34, CD38 and HLA-DR followed the 
differentiation pathway of normal hematopoiet
ic progenitors. Distribution of patients with dif
ferent immunophenotypic subtypes of ALL are 
given in Table 4. Acute lymphoblastic leukemia, 
independent of the immunological subtype, is 
characterized by a very low population of 
CD34 + /CD38 - blasts. Only in rare cases is the 
incidence of this subpopulation higher than in 
normal bone marrow aspirate. The majority of 
CD34 positive leukemic blasts in B lineage ALL 
coexpress CD38 and HLA-DR while in T lineage 
ALL they are only CD38 positive. 

Discussion 

Treatment of acute leukemia has made signifi
cant progress during the last 10 to 20 years, 
however in the past 10 years improvement of 
remission rates and long-term cures have 
stalled. Treatment of patients in large multicen
ter trials with standardized therapy protocols 
have allowed identification of prognostic fac
tors. Some entities have a dismal prognosis, 
including children with ALL and t4;11, adults 
with ALL and t9;22, adults with secondary AML. 
Improvements focus on intensification of post 
remission therapy, myeloablative therapy with 
retransfusion of autologous stern cells and gene 
therapeutic manipulation. A central role will be 
played by the successful discrimination of nor
mal and progenitor cells. Strategies include iso
lation of CD34 positive normal progenitor cells. 
Since CD34 expression on leukemic blasts is a 
common phenomenon in AML and ALL, analy
sis of subpopulation becomes increasingly rele-
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newly diagnosed AML, classified 

4 unclassifiable 

2 6 0 

2 5 0 

0 0 

0 0 0 

0 0 0 

vant. The functionally most immature popula
tion of pluripotent stern cells is characterized by 
expression of CD34, lack of CD38, lack of HLA
DR and lack of lineage restricted surface anti
gens [24l. In this study we have analyzed the 
composite phenotype of leukemic progenitors 
and as a basis for discrimination of normal and 
leukemic stern cells. 

The results show a significant difference 
between AML and ALL. While one third of 
patients with AML have blasts with the most 
immature "stern celllike" phenotype, this popu
lation is very infrequent in ALL irrespective of 
the immunological subtype. AML is also charac
terized by a more inhomogeneous phenotype 
with frequent detection of several subpopula
tions with transition from one phase to the 
other. ALL in contrast is quite homogeneous 
and presence of more than one subpopulation is 
an exception. The phenomenon of a "stern cell 
like" immunophenotype is almost unique to 
acute myeloid leukemia. On the positive side, 
this may allow isolation of CD34 + /CD38-
progenitor cells in bone marrow aspirates from 
patients with ALL without contamination of 
leukemic progenitors. This hypothesis has to be 
confirmed by sorting experiments analysing the 
progenitor cell compartment by genetic and 
functional methods. 

Blasts in acute myeloid leukemia are charac
terized by a very immature phenotype with abil
ity to differentiation in vivo. The correlation to 
other clinical parameters and prognostic factors 
have identified a higher incidence of "stern cell 
like" blasts in patients with secondary leukemia, 
however with no statistically significant differ
ence. This conclusion differs from a previously 
reported analysis from our group [25l. The high
er number of analysed cases is the most likely 
explanation for this discrepancy, rather than a 
shift in the biology of AML over the past two to 
three years. Patients with CD34 positive blasts 
don't have a statistically significantly lower eR 



Table 4. Stern celllike irnrnunophenotype in ALL 

subtype CD34 +, CD38-, 
HLA-DR-

c-ALL 
(n = 25) 

0,1 
3 <0,01 

5 0,01 

6 0,1 
7 <0,01 

9 <0,01 
10 0,1 
11 0,03 
12 <0,01 

13 0,1 
15 0,2 
16 0,03 
17 <0,01 
18 <0,01 
21 0,1 
22 0,2 
25 0,02 
26 <0,01 
28 <0,01 
31 <0,01 

34 0,03 
40 <0,01 

41 0,1 

43 0,1 

44 0,02 

prepre BALL 
(n=6) 

2 <0,01 

4 0,01 

14 0,2 

33 
36 <0,01 
42 0,03 

T lineage ALL 
(n= 6) 

8 0,01 

27 <0,01 
30 <0,01 
19 0,1 
20 0,01 

35 <0,01 

rate in the German multicenter trial [16]. How
ever, patients with astern celllike immunophe
notype had a remission rate of only 52 %, while 
the other groups had eR rates between 70 and 
80 %. The surprising observation was that 
patients with astern celllike immunophenotype 
have a higher ED rate. Our initial hypothesis 
postulated that the higher risk for lethai out
come early in the course of chemotherapy was 

CD34+, CD38+, CD34-, CD38+, CD34-, CD38+, 
HLA-DR+ HLA-DR+ HLA-DR -

20 11 34 
65 2 21 
0,1 94 4 

32 38 30 
21 24 23 
11 68 16 

40 46 7 
7 41 34 

58 6 20 
42 10 24 
23 7 6 
9 8 37 

20 2 10 
14 12 44 
75 4 
2 1 5 

56 2 9 
47 14 7 
81 2 
10 6 
28 18 3 
39 46 
90 1,2 2 

75 1,7 3 
30 49 6 

2 71 4 
51 43 

79 2 3 
81 7 6 

72 6 
66 14 9 

0,3 2 64 
0,5 0,8 50 

10 8 47 
2 39 

0,1 60 
0,2 0,6 97 

due to a prolonged phase of bone marrow apla
sia, potentially as a result of an underlying, pre
viously unrecognized myelodysplastic disorder. 
However, detailed analysis of the causes of death 
did not confirm this hypothesis. In contrast, 
there was a strikingly high incidence of bleed
ings early after diagnosis. A potential explana
tion for this finding is that the megakaryocytes 
and platelets in these patients are involved in 
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the leukemic process leading to a functional 
defect. An alternative explanation would be a 
higher organ infiltration rate with secondary 
bleedings due to local endothelial damage. The 
first hypothesis can be tested performing 
detailed platelet function tests in the different 
subsets, grouped by CD34/CD38 coexpression. 

Our study shows that the immunophenotype 
of hematopoietic progenitors is well conserved 
on leukemic blasts in both AML and ALL. This 
preservation is in marked contrast with the 
extreme heterogeneity in the expression of lin
eage restricted and associated antigens. They 
offer a basis for isolation and discrimination of 
normal hematopoietic progenitors. Methods will 
probably have to be different for AML and ALL. 
Specifically in AML the current repertoire of 
monoclonal antibodies doesn't see m to be able 
to discriminate normal and leukemic stern cells. 
While there is no leukemia-typic immunophe
notype, individualized characterization of the 
composite antigenic profile with highly sensitive 
methods can provide a basis for identification 
and manipulation of the leukemic stern cello 

Summary 

Discrimination ofhematopoietic stern cells from 
leukemic progenitors is one of the prerequisites 
for improvements in myeloablative therapy with 
autologous stern ceH retransfusion and in devel
opment of gene therapy. Wehave analysed the 
stern cell associated immunophenotype in bone 
marrow aspirates from patients with newly diag
nosed acute myeloid and acute lymphoblastic 
leukemia. The composite immunophenotype 
with regulated coexpression of CD34, CD38 and 
HLA-DR was conserved in all but 4 of 231 bone 
marrow aspirates from patients with newly diag
nosed acute myeloid leukemia and in all of 37 
bone marrow aspirates of patients with acute 
lymphoblastic leukemia. Leukemic sampies in 
AML were very heterogenous with sequential 
maturation, while the blast population was 
homogenous in ALL. 84 (36 %) of AML sampies 
had ;;:, 5% blasts with astern cell like im
munophenotype, while none of the ALL sampies 
contained this blast population. AML patients 
with astern cell like immunophenotype had a 
lower CR rate, due to a high incidence of early 
deaths. We conclude that the composite 
immunophenotype of hematopoietic stern cells 
is well conserved in acute leukemia. The popula-
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tion of CD34 + /CD38 - cells may be used in ALL 
for discrimination of normal hematopoietic 
progenitors, while this compartment is likely to 
contain leukemic progenitors in AML. 
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Introduction 

The human genome contains a number of retro
viral elements (Human Endogenous Retro
viruses, HERVs) that are related to sequences 
found in infectious mammalian retroviruses. 
Some estimates account 0.5% of the genome to 
HERVs (Brack-Werner et al., 1989). Including 
highly repetitive retroelements and nonviral 
retroposons like UNE1, SINE and THE-l ele
ments, the portion of DNA generated by retro
transposition is estimated to constitute at least 
5-10% of the human genome (Baltimore, 1985). 
Fuillength HERV s have the same basic structure 
as the integrated proviral form of infectious 
retroviruses: LTR-gag-pol-env-L TR. However, 
most HERVs are truncated and defective in 
these genes, or they contain multiple termina
tion signals, thus lacking long open reading 
frames (for review see Leib-Mösch et al., 1990). 
Besides these retroviral elements, solitary LTRs 
have been described that may have been gener
ated by recombination of fuIl-Iength proviruses 
(Leib-Mösch et al., 1993). Most HERVs are con
sidered to be replication defective and, to date, 
no infectious HERV has been recovered. 
However, HERV transcripts have been recently 
found associated with the formation of retro
virus-like partieIes (Löwer et al., 1993). 

The target sites ofHERV insertions are gener
ally very flexible, but not completely random, 
and may have physiologie or pathogenie impli
cations (Wilkinson et al., 1994): (i) Genomie 
integration can result in insertional mutagenesis 
of the affected gene; (ii) integrated retroelements 

may predispose to recombinational events with 
other retroelements (hot spots); (iii) the tran
scriptional regulatory sequences within the L TRs 
may control transcription of adjacent genes; (iv) 
in murine models, ERVs have been activated by 
environmental factors (UV radiation, nucleotide 
analogues, etc.); (v) retroelements have con
tributed to the evolutionary genetic diversity by 
gene duplieation mediated by recombination 
events. Transcripts of HERVs have been shown 
in many human celllines and various neoplastie 
and non-neoplastie tissues. Furthermore, anti
gens related with structural viral pro teins as weil 
as reactive antibodies have been detected by 
immunologieal methods in human sera and tis
sues (for review: Larssen et al., 1989). 

The HERV-K family ofhuman retroviral ele
ments is related to the B-type mouse mammary 
tumor virus MMTV (Ono, 1986; Ono et al., 1986) 
and comprises about 50 copies of fuIl-length 
proviruses per haploid human genome. 
Members of this family contain long ORFs with
in their gag, pol, and env genes. There is evi
dence that so me HERV-K elements encode a 
functional protease (MüIler-Lantzsch et al., 
1993), and may be able to generate retrovirus
like particles in teratocarcinoma cell lines 
(BoIler et al., 1993; Löwer et al., 1993a,b). 

ERV3 (HERV -R) is a single copy fuIl-Iength 
element and has been mapped to chromosome 7 
(O'ConneIl et al., 1984). Genomic Southern 
hybridization under lowered stringency condi
tions suggests the presence of 10-15 related ele
ments in the human genome. The env region of 
ERV3 contains a 1.9 kb ORF, comprising the sur-
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face glycoprotein domain and most of the trans
membrane domain, plsE (Cohen et al., 1985). 

To address the question whether tran scrip
tion ofHERV-K or ERV3 sequences is associated 
with particular hematological disorders, we 
screened 24 RNA sampIes by RT-PCR, using 
primers derived from ORFs in HERV-K gag, pol, 
env and ERV3 env plSE genes. Additional sam
pIes were investigated for ERV3 env transcripts 
by Northern blotting. 

Material and Methods 

Purification of blood leukocytes and bone marrow cel/s. 
Peripheral blood or bone marrow aspirations 
were treated with 3 volumes of red blood cell 
lysis buffer (155 mM NH4Cl/1O mM NH4CO/O.1 
mM EDTA). Nuc1eated cells were pelleted by 
centrifugation, washed in lysis buffer, resus
pended in phosphate buffe red saline, lysed in 
guanidine isothiocyanate buffer (4 M guanidine 
isothiocyanate/o.5% sarcosyl/25 mM sodium 
acetate pH 6/0.1 M mercaptoethanol), and 
stored at - 70°C for further analysis. 

RNA extraction. The guanidine isothiocyanate 
preparations were separated by ultracentrifuga
tion on a CsCI gradient (5.7 M CsCI in 25 mM 
sodium acetate pH 6) for at least 30 h at 174.000 
g, 20°C, allowing parallel extraction of total cel
lular RNA and DNA. The pelleted RNA was 
resuspended in DEPC-treated water, quantitated 
and analyzed for purity in a UV spectrometer, 
precipitated in ethanol, and stored at -70 oe. 

Northern blot. SampIes of 151lg of total cellular 
RNA were run on a gel of 1% agarose/o.66 M 
formaldehyde in MOPS buffer (0.2 M MOPSI 
0.05 M sodium acetate/o.o1 M EDTA), gene rally 
at 23 V for 18 hours. The gel was biotted to 
Zetaprobe membranes (BioRad), and hybridized 
in 0.5 M NaH2PO/7'Yo SDS/1 mM EDTA at 60 oe. 
Washing stringency was 1 mM EDT AI 40 mM 
NaH2PO/1% SDS at 60°e. The filters were first 
probed for ß-actin to assess integrity of RNA. 
Then, without stripping the probe, the filters 
were rehybridized to vector-free ERV3 env 
probe (1.7 kb HindIlI-PstI fragment: O'Connell 
et al., 1984) that had been 32P-Iabeled by a nick 
translation kit (Pharmacia). 

Reverse transcription and peR. Sampies of 10 g of total 
RNA were treated with 10 U DNAse for 30 min. 

at 37°C, followed by phenol/chloroform extrac
tion. The cDNA first strand synthesis was 
primed with random oligonuc1eotides according 
to the protocol of the supplier (Stratagene). 5111 
of the reaction products were used for PCR. PCR 
buffer was 50 mM KCI, 10 mM TrislHCI pH 8.3, 
1.5 mM MgCI2 , 0.01% gelatin, 250 IlM of each 
dNTP, 2 mM of each prim er and 2.5 U Taq DNA 
polymerase in 100 III reactions. The primers for 
HERV-KlO gag, pol, env genes are described 
elsewhere (Kister et al., in preparation); the 
primers for ERV3 env plSE were chosen to yield 
a fragment spanning the nuc1eotides 2103 
to 2470 of the published sequence (Cohen et al., 
1985). The reaction conditions were 1 min. 94°C, 
2 min. 55°C, 3 min. 72°C, 35 cyc1es. All amplifi
cations were done with co-amplification of ß
actin (0.2 mM of each primer). Amplification 
products were visualized after electrophoresis in 
1% agarose by ethidium bromide staining. The 
gel was bIotted to Zetaprobe membranes. 
Amplification products were confirmed by high 
stringency hybridization to fragments that have 
been amplified from human genomic DNA and 
verified by sequencing (Kister et al., in prepara
tion). 

Results and Discussion 

Transcription of HERV-K-related sequences. Tran
scription of HERV -K -related sequences recently 
has been found in some celliines and tissues by 
RT-PCR or Northern blotting, inc1uding peri
pheral blood cells of healthy individuals 
(Medstrand et al., 1992), various normal tissues 
(Medstrand and Blomberg, 1993), leukocytes of 
normal donors and leukemic (CML, AML) 
patients (Brodsky et al. , 1993), and teratocarci
noma cell lines (BoIler et al. 1993; Löwer et al., 
1993a,b). Furthermore, transcription of solitary 
HERV-K LTR has been detected in human pla
centa and various human tumor cells inc1uding 
peripheral white blood cells and bone marrow of 
leukemic patients (Leib-Mösch et al., 1993; 
Simon et al., 1994). 

Here we report a RT-PCR analysis for tran
scription of HERV -KlO pol, gag, env genes in 
RNA sampIes of 22 various hematological disor
ders (10 acute myelogenous leukemias AML, 6 
myelodysplastic syndromes MDS, 3 myeloprolif
erative syndromes MPS, 3 acute lymphoblastic 
leukemias ALL) and RNA sampIes of 2 bone 
marrow controls. In all sampies the specific 
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amplification product of the three genes could 
be shown (HERV-K pol: Figure 1; HERV-K env: 
Figure 2; HERV-K gag: not shown). In so me 
cases the signals in the ethidium bromide gel 
were very faint and almost invisible, but consec
utive hybridization confirmed the presence of 
an amplification product in each case (Fig. 2). 
Although we cannot completely rule out prepa
rational artifacts accounting for this heteroge
neous level of amplification products, the 
relatively uniform signal of the co-amplified 
ß-actin favors the idea that these variations in 
signal density are due to different levels of gene 
expression in the respective patients. Com
parable variations in the amount of the ampli
fied product have also been found in other 
primary tissues (Kister et al., in preparation). 
No disease-specific pattern emerged from these 
quantitative variations. Heterogeneous expres
sion of HER V sequences, independent of under
lying disease, has also been reported in studies 
that were based on the more quantitative 
Northern blot analysis: Kato et al. (1988) found 
largely varying levels of ERV3 transcription in 
different tissues, Krieg et al. (1992) reported 
expression of several classes of ERV s in lympho
cytes of patients with autoimmune muscle dis
eases, occurring at a quite heterogeneous level; 
interestingly, the expression of several classes of 
ERV seemed to be coordinately regulated. 

Amplification of HERV-K env sequences 
sometimes resulted in an additional minor prod
uct of smaller size (Fig. 2B). The five patients 
exhibiting this additional band were UPNs 117 
(polycythemia vera), 270 (AML secondary to 
MDS), 290 (MDS of RAEB-t subtype), 310 (MDS 
of CMML subtype), and 324 (AML secondary to 
MDS). An overrepresentation of MDS or sec-

ondary AML is evident. Further characterization 
of this amplification product and a possible spe
cific link to MDS is the object of ongoing studies. 

Transcription of ERV3 has been studied by N orthern 
blotting in a large spectrum of normal and 
pathologie tissues and cell lines (Kato et al., 
1988). The transcripts were found to be 
expressed at different levels in different tissues. 
Highest transcription levels were found in pla
centa, but choriocareinoma was characterized 
by complete absence of the respective tran
scripts (Kato et al. 1988; Cohen et al. 1988). 
Relatively high transcription levels have been 
reported for a monocytic leukemia celliine. But 
there was no evidence of disease- or tissue-spe
eific transcription patterns. Recently, expression 
of ERV3 env has been shown to parallel the dif
ferentiation from placental cytotrophoblast to 
syncytiotrophoblast cells (Boyd et al., 1993). 

For evaluation of ERV3 env transcription 
in hematologieal dis orders we assayed RNA 
extracted from blood or bone marrow. 16 sam
pies of total RNA (4 AML, 5 CML, 2 MPS, 3 CLL, 
1 ALL, 1 healthy control person) were separated 
by agarose gel electrophoresis, biotted to nylon 
membranes and hybridized to a genomie 1.7 kb 
fragment of ERV3 env. In a diffuse background, 
so me distinct bands corresponding to 1.5 kb, 1.8 
kb and 3.7 kb transcripts, respectively, could be 
discerned (Fig. 3). The expression pattern did 
not correlate with specific disease entities. A 3.7 
kb transcript has been reported by Kato et al. 
(1988), too. 

For RT-PCR analysis we chose the p1SE 
region of the ERV3 env gene. There is some evi
dence that the env-encoded transmembrane 
protein plSE of certain animal retroviruses 

256 258 270 290 299 310 312 315 319 324 UPN 
Fig.l. RT-PCR amplification of HERV-K pol sequences in RNA sampies from hematological disorders. 
Hybridization with a cloned genomic fragment from the pol region. (UPN = unique patient number. Lanes: 256 
AML, 258 AML, 270 secondary AML, 290 MDS-RAEBt, 299 MDS-RAS, 310 MDS-CMML, 312 B-ALL, 315 B-ALL, 
319 AML, 324 secondary AML) 
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amplification of ß-actin. A Ethidium bromide gel. B Hybridization with a cloned genomic fragment from the env 
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DNA contro!) 

28SrRNA 
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ß-Actin 

56 55 93 95 31 38 58 35 117 14 11.4 $4 ~ 57 UPN 
Fig.3. Northern blot of 15 ~g of total cellular RNA. Upper part: hybridization to a genomic ERV3 env fragment. 
The arrows indicate specific transcripts. Lower part: control hybridization to ß-actin. (UPN = unique patient 
number. Lanes: 35 CLL, 37 AML, 38 AML, 54 CML, 55 CML, 56 c-ALL, 57 AML, 58 AML, 93 CML, 94 CML, 95 CML, 
117 polycythemia vera, 124 contro!, 148 polycythemia vera) 
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ERV3 Cllvp/5 

(3-Actin 

DNA 339 334 324 319 315 31.2 310 299 290 270 258 256 UPN 

Fig.4. RT-PCR amplification of ERV3 env P15E sequences in RNA sampies from hematological disorders. co
amplification of ß-actin (UPN = unique patient number. Lanes: 256 AML, 258 AML, 270 secondary AML, 290 
MDS-RAEBt, 299 MDS-RAS, 310 MDS-CMML, 312 B-ALL, 315 B-ALL, 319 AML, 324 secondary AML, 334 AML, 339 
secondary AML, DNA control) 

exerts immunosuppressive effects in viva and 
in vitra (for review: Krieg and Steinberg, 1990). 
In arecent study, all RNA sampies tested 
showed transcription of an evolutionarily con
served trans membrane region. But the tran
scripts exhibited highly variable sequences that 
were related to ERV9 (Lindeskog et al., 1993). 

Analyzing the same 24 RNA sampies as 
described above for HERV-K expression, we 
found amplification products in all RNA sam
pIes. In contrast to the heterogeneous signallev
els in HERV-K transcription, agarose gel 
analysis of the ERV3 pI5 amplification products 
revealed a relatively uniform signal intensity in 
all sampies, with the exception of three cases 
showing an almost invisible specific signal: one 
case of MDS RAEB-t; MDS-RAS; AML FAB M5, 
respectively (Fig. 4). 

Together, our results show that the examined 
endogenous retroviral sequences are transcribed 
in a constitutive way in all hematological disor
ders as well as in healthy controls. However, in 
the case ofHERV-K-related sequences, transcrip
tion seems to occur at variable levels. Since no 
disease- or tissue-specific transcription pattern 
emerged, a pathogenetic impact on hematologi
cal disorders is not evident. Instead, the results 
support the concept of abasie physiologie role, 
e.g. in cellular growth control or metabolism. 
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DNA-Analysis by Flow-Cytometry of Up to Nine Vear Old Methanol/Acetic 
Acid Fixed Sampies of Childhood Acute Lymphoblastic Leukemia (ALL) 

Konstantinos Romanakis " Anthi Argyriou-Tirita', Heinrich Zankl', and Oskar A. Haas' 

Abstract. According to cytogenetic abnormalities, 
several prognostically important groups can be 
distinguished in childhood acute lymphoblastic 
leukemia (ALL). However, owing to the techni
cal difficulties in obtaining a sufficient and rep
resentative number of analysable metaphases, 
additional techniques are required for substitu
tion or for confirrnation of cytogenetic findings. 
One of these alternatives using a fast and techni
cally simple method is the determination of 
gross quantitative deviations of the DNA con
tent by flow-cytometry. Although the best 
results are obtained with fresh material, in many 
instances the analysis of material previously 
used for cytogenetic analysis may be of interest. 
We have therefore adopted a DAPI-staining 
technique for fiow-cytometric analysis of 
methanollacetic acid fixed sampies. We have 
used this method to measure 44 methanollacetic 
acid fixed sampies which had been stored in -
20°C for aperiod ranging from several months 
to nine years. Cytogenetically the sampies com
prised hypo-, pseudo- and hyperdiploid cases as 
weH as some in which no results could be 
obtained. We detected 29 abnormal sampies 
with 34 aneuploid clones. Six of them were 
hypo- (DNA-index (DI) 0.57-0.82) and 28 
hyperdiploid (DI 1.04-1.92). Four sampies con
tained a hypo- as weH as a hyperdiploid clone, 
and one case two hyperdiploid clones. Twenty 
out of 28 hyperdiploid clones were also detected 
with cytogenetic analysis, whereas no hypo
diploid clones were found. The variant of coeffi
ciency (CV) of the measurements ranged from 
1,40 to 4,20% (median 2.8 ± 0.62%). 

Based on these results, we conclude that flow 
cytometric DNA-analysis of methanollacetic 
acid fixed material is feasible with nearly the 
same accuracy as with fresh material and that 
the quality of the analysis is not dependent on 
the duration of storage. 

Introduction 

Childhood ALL is a heterogeneous group of dis
eases characterized by distinct patterns of 
acquired karyotype abnormalities [1,2]. Since 
the prognosis of these entities differ significant
ly, cytogenetic data gain increasing importance 
for stratification of therapy. For example, cases 
with a DNA-index > 1.16 have an extremely low 
risk of failing therapy and may therefore be 
spared the toxic effects of more intensive treat
ment [3]. Unfortunately, cytogenetic analysis of 
ALL is particularly difficult and therefore the 
results are not always conclusive. On the other 
hand, flow-cytometric evaluation of the relative 
DNA conte nt and ploidy level is a technicaHy 
simple and fast technique. It has been proven to 
be very useful for delineation of cases with gross 
quantitative deviations of the DNA-content and 
can therefore also be used to monitor the accu
racy of so me of the cytogenetic results [3,4]. 

Although DNA flow-cytometry reveals the 
best results when carried out with fresh or 
ethanol fixed ceH sampies, at times there exists 
material which has been prepared for other pur
poses, such as paraffin-embedded tissue or 
methanollacetic acid fixed material. We have 
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therefore adopted a DAPI-staining technique for 
analysis of residual material from cytogenetic 
analysis, and have evaluated our method by 
analysing 44 stored sampIes. The quality of mea
surement was compared with established stain
ing methods and the results were correlated 
with the cytogenetie data. 

Material and Methods 

Patients. For our studies we have selected 
methanollacetie acid fixed bone marrow (BM) 
and peripheral blood (PB) sampIes of 44 children 
with various immunologie subtypes of ALL whieh 
in most instances were obtained at diagnosis. The 
sampIes had been previously used for cytogenetic 
analysis and the remains had been stored in 
- 20°C for several months to nine years. 

Flow cytometry. For analysis of the DNA content, 
the methanollacetie acid fixed cell pellets were 
treated according to two different methods. The 
first was a slight modification of the method 
described by Otto [5]. Methanol/acetic acid fixed 
cells were resuspended in a solution containing 3 
g citric acid and 0.5ml Tween 20 in 100ml dis
tilled Hp (CT) and incubated for 20 minutes at 
room temperature with slow agitation on a shak
er board. Cell dumps were removed by passing 
the cells through a 30mm nylon mesh. The mate
rial was centrifuged at 1200 rpm for 8 minutes. 
The supernantant was discarded and the cell pel
let was resuspended in 70% ethanol. After two 
hours at - 20°C the material was again cen
trifuged and the pellet resuspended in 0,3 ml CT 
solution for 10 minutes at room temperature. The 
cells were stained with 2ml of a solution consist
ing of 4 g Na,HP04 x 2Hp, 1 g citrie acid and 0,2 
mg 4.6-diamino-2-phenylindole-2 hydro chloride 
(DAPI, Sigma Chemical Co., St Louis) per 100 ml 
distilled H,O for one hour at room temperature. 

Alternatively, 0,5ml of the methanollacetie 
acid fixed cell suspension was resuspended 
direcdy in 0,5ml pepsin/HCl solution (0,5% 
pepsin (Sigma, P 7000) in 0,03M HCI, pH 
1,5-1,7) and incubated for 10 minutes at room 
temperature. After the incubation, nudei were 
passed through a 30mm nylon mesh to remove 
cell dumps and centrifuged at 1 200 rpm for 8 
minutes. The supernatant was discarded and the 
pellet stained as described above. 

The sam pIes were analysed with a PAS III 
flow cytometer (Partec, Münster, Germany), 

whieh was equipped with a 100 W mercury arc 
lamp HBO 100/2 (Osram, Germany). The filter 
combination used was a KG1, BG 38 and UG1 
excitation filter, a diehroic mirror TK 420 and a 
CG 435 barrier filter. To assure the functionality 
of the flow cytometer, fresh sampIes from Fieoll
separated peripheral blood lymphocytes from 
healthy donors were analyzed (CV 0.7-1.00%). 
The linearity of the flow cytometer was tested 
with red trout erythrocytes (Partec) whieh com
prise 2C, 4C, and 8c nudei. The usual measuring 
rate was about 150-200 nudei/sec and at least 
10 000 nudei were analysed and plotted. 

For generation of histograms the "Multi
cyde" cell cyde analysis program (Phoenix Flow 
System, San Diego, CA) was used. This program 
provides excellent fits of histograms and allows 
the substraction of the background as well as the 
elimination of cell dumps. For description of 
the histograms, the criteria established by 
Hiddemann et al were applied [6]. A sampIe 
with only one Goh peak located at the diploid 
level was assigned a DI of 1,0. DNA aneuploidy 
was defined as the presence of one or more 
additional peaks. The DI of the aneuploid peaks 
was defined by the ratio of the me an channel 
number of the Goh peak of the aneuploid to the 
Goh peak of the diploid cell population. DI 
below 1,0 were considered hypodiploid; above 
1,0 as hyperdiploid. 

Results and Discussion 

The results of the measurements are summa
rized in Table 1. Representative histograms of 
different sampIes are shown in Figure 1. 

Table 1. Summary of results obtained by flow-cyto
metric analysis of 44 methanollacetic acid fixed sam
pies of childhood ALL 

DI DI DI Overall 
0·57-0.82 1 1.04-1.92 

Sampies 6* 15 28* 44 
Clones 6 28 34 
Range 

ofCV (%) 2.80-3·80 l.4-3.8 l.7-4·2 1.4-4·2 
Median 

ofCV (%) 2·90 2.65 2·90 2.80 
SD 0·36 0·57 0·70 0.62 

*includes 4 cases with both a hypo- and a hyper
diploid clone as weil as one case with two hyperdiploid 
clones 
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The cases included in this study represent a 
random compilation of cytogenetic heteroge
neous samples which were selected according to 
the availability of stored methanollacetic acid 
fixed material. DNA-analysis revealed 29 abnor
mal samples with 34 aneuploid clones. Six of 
them were hypo- (D! 0.57-0.82) and 28 hyper
diploid (D! 1.04-1.92). Four samples contained a 
hypo- as weH as a hyperdiploid clone, and in one 
case two hyperdiploid clones. Cytogenetic 
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analysis had previously revealed 20 of the 28 
hyperdiploid clones, whereas all six hypo diploid 
clones could not be detected. This discrepancy 
can be explained by the weH known problems 
encountered with cytogenetic analysis, namely 
the low mitotic activity of ALL-blasts andl or the 
lack of analysable metaphases. Moreover, three 
of the six hypodiploid and two of the 28 hyper
diploid clones were below 30%. (Data not 
shown. For representative example see Fig. ID). 



The pathogenetic significance of such small sub
populations remains to be investigated. 

The variant of coefficiency of the measure
ments obtained with our method ranged from 
1,40 to 4,20 (median 2.8 ± 0.62) which is superi
or to that reported in a previously published 
similar study [7]. It also represents a better 
value than that generaIly obtained with fresh 
sampIes when measured with a laser flow
cytometer. Interestingly, the duration of storage 
of the fixed sampIes which ranged from several 
months to nine years did not influence the qual
ity of the measurements. Admixture of diploid 
control ceIls which is commonly used for cali
bration and comparison with aneuploid popula
tions was not necessary, since residual diploid 
ceIls which were still present in aIl analyzed 
sampIes served as a standard. Another advan
tage of our technique is the smaIl number of 
ceIls required (105 minimum, 104 analysed). 

In summary, determination of the DNA-con
te nt of methanol/acetic acid fixed material with 
our modified DAPI-staining method is feasible 
with alm ost the same accuracy as that obtained 
with fresh material irrespective of the dura ti on 
of storage. 
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Biological Entities in Acute Myelogenous Leukemia According 
to Morphological, Cytogenetic and Immunological Criteria: Data 
of Study AML-BFM-87 

U. Creutzig', J. Ritter', J. Harbott" M. Zimmermann', H. Löffler', S. Schwartz\ F. Lampert', and W.-D. Ludwig' 

Introduction 

The clinieal implieation of ceH surface marker 
expression has been less weH established in acute 
myeloid leukemia (AML) compared with acute 
lymphoblastie leukemia (ALL). Diagnosis of 
AML is largely based on morphology and cyto
chemistry for the differentiation between AML 
and ALL and for the subclassification according 
to the FAß criteria [3A]. Immunophenotyping is 
required for diagnosis of the minimal differenti
ated acute myeloid leukemia (Mo) [2] and the 
acute megakaryoblastie leukemia (M7) [5], 
whieh cannot be identified with sufficient cer
tainty by morphological criteria. 

Another approach to secure diagnosis of 
AML and FAB subtypes is karyotyping. Since 
new cytogenetie findings could be correlated 
with specific morphologic features, the morpho
logie, immunologie, and cytogenetie (MIC) 
group [25] has defined specific morphologie
cytogenetie entities, e.g. the subtype M2 with 
t(8;21), and the myelomonocytie variant with 
abnormal eosinophils (M4Eo) and inv(16), but 
only a few entities showing associations with 
FAß types and specific chromosomal abnormal
ities have been found so far [22]. 

Information on the influence on prognosis of 
other factors such as age and leucocyte count 
(WßC) and FAß type in children and adults with 
AML has been controversial. Analysis of our 

'University Children's Hospital, 48129 Münster, FRG 
'University Children's Hospital, 35385 Gießen, FRG 

previous study AML-ßFM-83 revealed specific 
morphologieal features for the individual FAß 
groups, e.g. the presence of Auer rods or 
eosinophils to be predictive for a favourable 
outcome [8]. Another approach to identify 
prognostic factors has been the characterization 
of surface antigen expression of AML blasts. In 
so me studies in adults and children prognostie 
significance of surface antigens associated with 
myeloid or lymphoid differentiation or progeni
tor ceHs was seen [1,9,11,18,20,24]. In contrast, 
predominantly pediatrie AML studies did not 
find any associations between prognosis and the 
expression of myeloid as weH as lymphoid asso
ciated surface antigens [19,26]. 

For this study we investigated in 269 children 
of study AML-BFM-87 the relationships of sur
face marker expression, morphology according 
to the FAß classification and karyotyping. In 
addition, the prognostie value of immunophe
notyping was compared with that of other prog
nostie features. 

Patients and Methods 

Patients. 309 previously untreated children with 
AML less than 17 years of age were enroHed in 
the cooperative study AML-ßFM-87 between 
December 1986 and October 1992. Informed 
consent was obtained from aH patients. 

'Department of Internal Medicine University of Kiel, 24116 Kiel, FRG 
4Department of Hematology/Oncology, University Clinic Steglitz, 12203 Berlin, FRG 
'Robert-Rössle-Clinic, Department of Medical Oncology and Applied Molecular Biology, Free University of 
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Diagnosis was based on Pappenheim stained 
bone marrow and blood smears with additional 
cytochemical reactions. Morphological subtypes 
of AML were determined according to the 
French-American-British-(FAB) classification of 
AML [3,4]. 

Treatment. The details of the AML-BFM -87 proto
col have been published [7]. In summary thera
py started with an 8-day induction with ADE 
(cytosine arabinoside, daunorubicin, etoposide) 
followed by consolidation therapy with 7 differ
ent drugs, followed by two blocks of late intensi
fication with high dose Ara-C and VP-16, and 
maintenance therapy with daily thioguanine and 
Ara-C every 4 weeks for 4 days until a total 
duration of therapy of 18 months. The effect of 
cranial irradiation was tested prospectively dur
ing the first 2 1/2 years of the study. 

Immunologie marker analysis. Immunophenotyping 
was performed cent rally at the University 
Hospital Steglitz in Berlin by W.-D. Ludwig and 
S. Schwartz. Mononuclear cells were isolated by 
standard FicoIl-Hypaque density gradient cen
trifugation from pretreatment heparinized bone 
marrow sampIes and stained with a panel of 
monoclonal antibodies (MoAbs) by indirect 
immunofluorescence (IF) assays as previously 
described [21]. Cells were evaluated for IF by 
epifluorescence Zeiss microscope or by flow 
cytometry (FACScan; Becton Dickinson). 
Coexpression of lymphoid-associated-antigens 
was assessed by double marker analysis using 
"forward" and "side scatter" properties to gate 
on the blast population. 

The following panel of commercially available 
MoAbs were used: Progenitor-associated: CD34 
(MYlO); HLA-DR; panmyeloid-associated: CD13 
(MYl), CD33 (MY9), CDw65 (VIM-2); mono
cyte/granulocyte-associated: CD14 (UCHM1), 
CD15 (VIM-C6); erythroid lineage associated: 
glycophorin A, megakaryocytic lineage associat
ed: CD41 (15), CD61 (Y2/51) ; T-lineage associat
ed: CD2 (OKTll), CD4 (Leu-3a), CD7 (Leu-9); 
B-lineage associated: CDlO (5), CD19 (HD37). 
For detection of terminal deoxynucleotidyl
transferase (TdT) immunological methods with 
IF techniques were used. 

Due to the limited quantity of cells available 
not all of the listed MoAbs were tested in every 
patient. The criterion for marker positivity was 
expression by ~ 20% of leukemic cells or intra-

nuclear detection of terminal deoxynucleotidyl 
trans fe rase (TdT) in ~ 5% of cells. 

Cytogeneties. Central karyotyping was performed 
in Gießen by J. Harbott and F. Lampert accord
ing to the Third International Workshop on 
Leukemia 1980 [13,14,27]. 

Statistical analysis. Relationships of marker reac
tivity to patient characteristics and cytogenetic 
results and response to treatment were deter
mined by the Fisher's exact test or Chi-square 
test. 

Variables assessing outcome included res
ponse-rate (rate of patients achieving complete 
remission, CR), and event-free survival (EFS). 
EFS calculation started from time of diagnosis 
until first event (relapse or death of any cause) 
or censoring (date of last follow up). Survival 
curves, standard errors (SE) and tests for differ
ences in EFS between subgroups were calculated 
with standard methods [15,16,23]. Cox regression 
[6] was used for multivariate analysis. All tests 
were descriptive and explorative. Calculations 
were performed with SAS (SAS Institute, Cary, 
NC) on a 486 IBM compatible Pe. 

Follow-up data were actualized as of August 
1,1993· 

Definitions 

Sensitivity: The likelihood for correct aSSOCJatlOn 
(= definitely positive) to a particular mor
phological subtype 

number ofFAB Mx patients with the 
MoAb combination (specific karyotype) 

all FAB Mx patients tested for 
MoAb combination (with aberrations) 

Specificity: The likelihood for precise elimination 
(= definitely negative) of other morpho
logical subgroups 

number of non-FAB Mx patients without 
the MoAb combination (specific karyotype) 

all non -FAB Mx patients tested for 
MoAbs combination (with aberrations) 

Predictive value (pv): Probability of finding an FAB 
type associated MoAb combination (or chromosome 
aberration) 

number of FAB Mx patients with the 
MoAb combination (specific karyotype) 

all AML patients with the MoAb 
combination (specific karyotype) 
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Results 

Patient characteristics and overall results in 
patients with immunophenotypic data are 
shown in Table l. 

Kaplan-Meier estimation for EFS and EFI was 
in the same range for patients with immunophe
notypic data as compared to the total group of 
309 patients (EFS (SE): .35 (.05); EFI (SE): .47 
(.06). 

Immunophenotypic analysis: The percentage of anti
gen positive samples in the total group and in 

Table 1. Initial data and overall results of patients 
with immunological data in Study AML-BFM-87 

AML Study-BFM-87 

Age (years,median) 
Sex (m:f) 
CNS involvement 
Extramedullary 

organ involvement 
Liver ;" 5 em bem 
Spleen;" 5 em bem 
WBC/mm' (median) 

(range) 
Hemoglobin/g/dl (median) 

Results 
Complete remission 
EFS (SE) - 6 years 

95/259 
551266 
441265 
28.000 
800-528.000 
8.2 

2021269 
40% 

(12%) 

(37%) 
(21%) 
(17%) 

morphological subtypes are given in Table 2 and 
Figure 1. Expression of at least two of the three 
panmyeloid associated antigens (CDI3/CD33/ 
CDw65) was found in 212 of 239 (89%) patients, 
while 27 patients (11%) disclosed only one or none 
of these markers. 14 of them were classified as F AB 
Mo or M7 subtypes. The non-lineage restricted 
progenitor cell antigen CD34 and HLA-DR were 
found in 45% and 80% of patients respectively. 

The incidence of TdT positivity (? 5%) was 
21%. 

Coexpression of lymphoid associated antigens: 42% of 
patients tested expressed one or more of the T-
0r B-lymphoid associated antigens. Coexpression 
of the T -lymphoid associated antigens, especially 
CD4, occurred much more frequently than coex
pression of the B-lymphoid associated antigens, 
CD19 (5 patients) and CDlO (3 patients). 

T-lymphoid features (CD2, CD4 and CD7 
coexpression) were common in all FAB subtypes 
with the exception of the FAB M6 and M7 types. 
CD2 was positive in 30% and 23% of the patients 
with M3 and M4Eo, respectively. CD4 expression 
was associated with the monoblastic subtypes 
M4/M5 and was generally negative in M2 with 
Auer rods. CD7 positivity was found in the imma
ture subtypes Mo and MI but never in M4Eo. 

Correlation of surface antigen expression with FAß subtypes 
and karyotypes (Table 2 and 3): There was no clear 

100.---------------------------------------------~ 

80 

60 ------------------------ - -------------

40 

20 

o 
HLA-DR CD34 CD13 CD33 CDw86 CD14 CD16 Gly-A CD41 CD19TdT (6 .. ) 

_ all patlenta (n0 289) 

Fig. 1. Pereentage of sam pies expressing the tested surfaee marker in the total group of patients - Study AML
BFM-87 
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association between any individual surface anti
gen expression and FAB subtype with the excep
tion of CD41 with F AB type M7 (predictive value 
71%). However, the expression of several of the 
antigens was not distributed equally. Charac
teristic combinations of higher or lower rates of 
positive samples could be attributed to certain 
morphological subtypes and specific karyotypes 
(Figs. 2a-d). 

FAB MO and random chromosomal abnormalities 
(Fig. 2A): Negativity of one or two of the three 
panmyeloid associated antigens, especially 
CDw65 or CD13 was frequent (9/11 patients), and 
CD14 was always negative. Expression of the 
progenitor-associated antigen CD34 (64%) and 
TdT (42%) as weH as coexpression ofT -cell anti
gens (25%-31%) were not uncommon. 

Nearly the same was found in random chro
mosomal abnormalities. Negativity of at least 
two of the three panmyeloid markers tested was 
more common than in other karyotypes (11123 
vs. 3/71, P = .0001). 

FAB MI (with or without Auer rods): Antigen Expres
sion was similar to that of Mo-subtype with lack 
of CD14 and CD15 expression and coexpression 
of T -cell associated antigens, especially CD7 in 
more than 50% of patients. 

FAB M2 (without Auer rads): The rate of samples 
being HLA-DR negative was higher than in most 
other subtypes. 

FAB M2 with Auerrods and t(8;21) (Fig. 2b): Generally 
all progenitor associated antigens as well as pan
myeloid-associated markers were expressed; 
contrary to CD14 and CD4 which were usually 
negative. TdT was relatively often positive. 

Although surface antigens expression in 
t(8;21) was similar to that of FAB subtype M2 
with Auer rods, expression of CD15 was detected 
slightly more often (p = .07). 

FAB M3 and t(15;17) (Fig.2C): Characteristic for 
FAB M3 was the absence of HLA-DR (specificity 
85%) compared to 15% in non-M3 patients 
(= sensitivity 28%). In contrast to other sub
types, e.g. M4Eo and M5, expression of CD14 and 
CD15 was rare. Expression of CD34 was found in 
1 patient only. The panmyeloid-associated mark
ers, especially CD33, were generally positive. 

As all 5 patients with t(15;17) were classified as 
FAB type M3, surface antigen expression was 
nearly identical with that of the total group of 
this subtype. 

FAB M4Eo and inv(16) (Fig. 2d): The expression of 
antigens in FAB M4Eo subtype was similar to 
that of M2 with Auer rods, however expression 
of CD14 and CD15 was more common. Of 34 
patients 32 expressed CD13 and the incidence of 
CD34 was significantly higher compared to M3 
and M5 subtypes. Coexpression of CD2 was 
more frequent in M4Eo, and also in M3, com
pared to other subtypes (Table 4). 

100.--------------------------------------------, 

80 

80 

40 

20 

o 
HLA- OR C034 C013 C033 co.e6 C014 C016 Gly-A C041 C018TdT (6ft' 

Fig. 2a. Percentage of sampIes expressing the tested surface marker in patients with FAß Mo and random abnor
malities 
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Fig.2b. Percentage of sampies expressing the tested surface marker in patients withFAB M2 Auer rods and 
t(8;21) 
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0 --'---,----
HLA- ORC034 C013 C033 CO.IIS C014 C01S Gly- A C041 C0111TdT (6 .. ) 

_M3 (n·14I 

Fig.2C. Percentage of sampies expressing the tested surface marker in patients with FAB M3 and t(15;17) 

Surface antigen expression of patients with 
inv(16) corresponded to that of FAB subtype 
M4EO. With one exception, blasts of all 9 chil
dren expressed CD13 and CD34 . 

FAß M4 (fa negative): Surface antigen expression 
was uncharacteristic in this subtype, only CD4 
coexpression was a frequent finding, but was 
also found in M5 type. 

530 

FAß M5 and t(9;1 I) (Fig. 2e): CD34 and CD13 were 
negative in 80% and 75% of M5 sampies, CD14 
often positive (43%). Moreover, expression of 
CD15 and CD4 (64%) was found in the majority 
of patients, whereas in 53 of 55 patients TdT was 
negative. 

Furthermore, the marker combination in 
t(9;11) was similar to that of the FAB M5 subtype, 
however, CD14 was only occasionally positive. 
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Fig. zd. Percentage of sampIes expressing the tested surface marker in patients with FAß M4Eo and inv(16) 
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Fig. ze. Percentage of sampIes expressing the tested surface marker in patients with FAß M5 and t(9;11) 

FAß M7: The lineage specific antigen CD41 was 
found in 5 patients (CDw42 or CD61 were posi
tive in 6 other patients). All patients showed 
negativity of all (2 patients) or one or two of the 
three panmyeloid-associated markers. CD14 and 
CD15 were always negative. 

Association of surface antigen expression with initial white 
blood count (WßC) and age: With the exception of a 

higher frequency of HLA-DR negatlVlty in 
patients with a low WBC (28/101 patients = 28% 
with WBC < 20000/mm3 vs. 23/153 = 15% with 
WBC ~ 20000/mm3, p = .013) and more CD14 
positive patients with higher WBC (17/102 = 17% 
with WBC < 20ooo/mm3 vs.48/145 = 33% with 
WBC ~ 20000/mm3, p = .001), there were no 
remarkable associations between marker ex
pression and WBC (data not shown). 
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Table 4. Information value regarding morphological subtype diagnosis of finding a given chromosomal abnor-
mality or a given immunophenotype - Data of Study AML-BFM-87 

Sensitivity 

Aberration t( 8;21) 0.68 
Immuno- (CD34 or CD13 pos.), 0·90 

phenotype and (CD14 or CD4 neg.) 

Aberration t(lS;17) 1.00 
Immuno- HLA-DR, CD34, CD14 1.00 

phenotype neg., and CD33 pos. 

Aberration inv (16) 0·73 

Immuno- (CD34 or CD13 pos.) and 0.69 
phenotype (CD14 or CD2 pos.) 

Aberration t(9;11) 0.68 
Immuno- (CD34 or CD13 neg.) 0·72 

phenotype and (CD33 or CDw6S pos.) 
and (CD1S or CD4 pos.) 

The correlation of immunophenotyping and 
age revealed that children under 2 years of age 
disclosed CD13 in only 20/54 (37%) vs. 141/196 in 
over 2-years-old (72%, p< = .001), and relative
ly more often CD14 (20/52 = 38% vs. 45/185 
=24%, P=.044) and CD15 (33/43=77% vs. 
83/186 = 45%, P < = .001). 

Correlation of Other Features 
with FAß Subtypes 

Corre/otion between morph%gica/ subtypes and mye/oper
oxydase (MPO)-staining: MPO-positivity (> 3%) was 
associated with the F AB types MI, M2, M3 and 
M4, and was found only rarely in other subtypes 
(e.g. 26% in FAB M5). Blasts with the karyotypes 
t(8;21), t(15;17), inv(16) were always MPO posi
tive, whereas the rate of positive sampies was 
significantly lower in patients with t(9;11) (29% 
positive) and in random abnormalities (57% 
positive) than in other patients. 

Corre/ation between morph%gica/ subtypes and karyo
types: The informative value regarding a specific 
aberration for a morphological subtype diag
nosed was high for the well-known karyotypes 
t(15;17) for FAB M3 (pV=100%), i.e. all children 
with this aberration were classified as M3. For 
the aberration t(8;21) for M2 with Auer rods, 
inv(16) for M4EO and t(9;11) for M5, predictive 
values exceeded 70% (Table 4). 

Prognostic significance of surface marker expression 
(Table 5): A statistically significant correlation 
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Specificity Predictive Value Morphologie Type 

0·93 0·74 
0·49 0·31 M2 with 

Auer rods 

1.00 1.00 
0·94 0.48 M3 

0·99 0.89 

0.84 0·41 M4Eo 

0·97 0.81 
0·72 0·41 MS 

Table 5. Prognostic significance of immunological 
markers 

low CR rate 10wEFS 
Antigens p(') p(Log-rank) 

HLA-DRneg. 0.08 0.80 
CD34neg. 0.07 0.40 
CDw65 neg. 0.003 0.17 
CD14neg. 0.07 0.13 
CD15 neg. 0·56 0.15 
All other AG >0.25 >0.20 

for achieving CR was found only for CDw65. 
Lack of this marker was associated with an 
unfavourable outcome. When testing the influ
ence of a single marker, none of the other 
immunological markers was predictive for CR 
rates. Analysis for EFS showed no significant 
influence of any marker; differences for EFS 
were highest when comparing CD14 and CD15 
positive vs. negative patients (p-Iogrank = .13 
and .15). Regarding patients disclosing only one 
or none of the three panmyeloid associated anti
gens a tendency to a lower CR-rate was found 
(17127 patients = 63% vs. 1661212 = 78%, P = .08), 
but the estimated probability of a 6-year EFS 
was not significantly different (EFS .36 SE .09 vs. 
-41 SE .04, p-Iogrank = .18). 

Coexpression of lymphoid associated anti
gens was not associated with an adverse progno
sis, if reactivity of one of these markers was 
considered. It was also without any prognostic 
significance if groups of patients expressing at 
least one B- or T - lymphoid- associated antigen 



Fig. 3. EFS in patients with coexpres
sion of the lymphoid associated antigens 
CD2, CD4, CD7 or CD19 vs. others. Slash 
indicates last patient of the group 
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were compared with patients expressing no lym
phoid- associated antigen (EFS CD7, CD2, CD4 
or CD19 positive vs. others = .39, SE .05 vs .. 41, 
SE .04, p-logrank = .79, Fig. 3). 

Looking for the possible prognostic relevance 
of every possible combinations of 2 or 3 antigens 
for CR rate, no further information was gained, 
but the small patient numbers in some of these 
subgroups have to be taken in consideration. 

Discussion 

The sensitivity for the panmyeloid-associated 
antigens CD13, CD33 and CDw65 was high for 
the detection of AML, as leukemic blasts from 
236 of 239 (99%) of the patients tested in this 
study disclosed at least one of these antigens. 
Expression of lymphoid- (predominantly 
T -cell) associated antigens in children with AML 
was common (42%) and in the same range as in 
recent reports of other pediatric studies [19,26]. 
CD2 coexpression was relatively frequent in M3 
and M4Eo suptypes, CD4 mainly in the mono
cytic suptypes, and CD7 in the immature sub
types Mo and MI. The latter group was often 
TdT positive. Expression of the B-lymphoid 
associated antigen CD19 was rarely seen. 

Characteristic immunophenotypic features 
could be found for so me specific entities, which 
are shown in Figure 2 and Table 4. 

In FAB M2 with Auer rods expression ofpan
myeloid associated antigens as weil as HLA-DR 
was similar to that in t(8;21). In contrast to the 
report of Hurwitz et al. [12] and Kita et al. [17], 
CD19 expression was seen in 1 patient only. 

For M3 and t(15;17) the lack of HLA-DR was 
characteristic, and also positivity of CD33 in 
100% of patients. As children with M3 usually 
present with a low WBC, the association of HLA
DR negativity and low WBC was not unexpected. 

Children with the karyotype of inv(16) and 
those with M4Eo presented with the same co m
bination of surface marker expression. All chil
dren with inv(16) were positive for CD13, and 
nearly all patients (33/35) with M4EO. 

Another characteristic group were children 
with t(9;11) and those with FAB type M5. CD34 
and CD13 were mostly negative and a higher rate 
of CD15 and CD4 positive sampies was found 
compared to other subtypes. In contrast to the 
total group of children with M5, CD14 was less 
often positive in those with t(9;11), reflecting the 
occurrence of more immature monoblastic cells 
in these children. As the M5 subtype was pre
dominating in children under 2 years (> 50%, 
study AML-BFM-87), the association of CD14 
and CD15 with this age group was reasonable. 

The FAB type Mo showed less often expres
sion of all three panmyeloid-associated markers 
compared to other subtypes, the same con
cerned children with random chromosomal 
abnormalities. 
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These results indieate in specific entities an 
association of morphological, cytogenetie and 
immunologieal findings (Table 4). 

Our results, that lymphoid-, progenitor- and 
most myeloid-associated antigens had no influ
ence on prognosis, confirm the findings of the 
Pediatric Oncology Group [19] and the Chil
dren's Cancer Study Group [26], and were in 
contrast to many other reports concerning the 
prognostic significance of myeloid antigens in 
adults with AML [9,11,17,24]. A possible explana
tion for the discrepancy of these findings and 
the pediatrics studies may reflect the influence 
of different treatment regimens or different 
patient populations (adult vs. children). 

In summary, the impact of immunopheno
typing for the diagnosis of AML and its subtypes 
with a standard panel of MoAbs is limited. Only 
in specific situations, e.g. undifferentiated acute 
leukemia or M7, immunphenotyping is essen
tial. The discrimination of AML from ALL is 
usually possible with MoAbs, but co expression 
oflymphoid-associated markers is common and 
without any prognostic relevance in AML. 
Characteristic subgroups of AML, whieh are 
defined by morphological features and karyo
types can be described by low or high expres
sion rates of MoAbs compared to the other 
patients. This may be helpful if the other diag
nostie features are not clear. The contribution of 
immunophenotyping for prognosis is low in 
childhood AML and cannot achieve that of mor
phology and karyotyping. 
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Expression of C07 and C01 5 on Leukemic Blasts Are Prognostic Parameters 
in Patients with Acute Myelocytic Leukemia - Irrelevance of C034 
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Abstract. In order to investigate the clinical signif
icance of surface markers in correlation to thera
peutic outcome of induction therapy in acute 
myelocytic leukemia (AML), the blasts from 94 
adult patients with AML were analyzed prospec
tively. We used a panel of 32 monoclonal anti
bodies reactive with normal lymphoid and 
myeloid cells at various stages of differentiation 
in a direct immunofluorescence technique. There 
was no strict correlation of antigen expression 
with the French-American-British (FAB) classifi
cation. All patients were treated with an intensive 
induction treatment Staining by two antibodies 
had a prognostic value. The achievement of com
plete remission (CR) was significantly correlated 
with a high ( > 50% of ceIls) expression of CD? in 
de novo AML. All patients (8/39) with de novo 
AML and high expression of CD? achieved CR, 
so far (p< 0.03). The high expression of CD15 
was also correlated with the achievement of CR 
(p< 0.05). In contrast to recent reports, we found 
no correlation between CD34 surface expression 
and the pro gnosis of the disease. These results 
confirm earlier reports of antigenic heterogeneity 
in AML, and indicate that immunologically 
defined subgroups of AML patients which are of 
potential clinical significance can be identified. 

Introduction 

Acute myelocytic leukemia (AML) is the most 
common form of acute leukemia in adults. 
Despite considerable improvements in the rate 

of remission following treatment with chemo
therapy, most patients will ultimately die with 
relapsed leukemia. Although there is clinical, 
morphological, and laboratory evidence of 
patient heterogeneity, identification of prognos
tically important subgroups has proven difficult. 
Age greater than 60 years has been an adverse 
feature in most studies [1,2], and so me studies 
have identified other poor prognostic categories 
including a history of myelodysplastic syn
drome [2], specific cytogenetic abnormalities [3] 
and subgroups within the French-American
British (FAB) classification system [4]. The 
analysis of surface markers has been particularly 
useful in acute lymphoblastic leukemia (ALL) 
[5]. Ihe study of surface markers is far less 
advanced in AML than in ALL. Preliminary data 
published so far are controverse, partly dem on
strating that prediction of the clinical outcome 
can not be obtained from the expression pat
terns of certain surface molecules and partly 
showing an association of CD34 expression with 
the prognosis ofthe disease [6-9]. 

In a study with a relative small patient popu
lation, unfavourable outcome after induction 
therapy was related to expression of CD54 [10]. 
Ihis was contradictionary to the results of later 
findings [11,12] , showing that CD54 was of no 
evidence for pro gnosis. Furthermore as a marker 
of a poor prognosis expression of CD? and CD13 
on myelocytic blasts were reported in a few cases 
[13]. Because CD13 is known as a myeloid marker 
and CD? as a lymphoid marker, co expression of 
this two antibodies was explained to characterize 
a certain "crosslineage" ofthe leukemia. 
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Here, we report the results of a prospective 
study, investigating the reactivity of 32 MoAbs 
with blast cells in 94 samples of AML at the time 
of diagnosis, designed to assess the diagnostic 
and prognostic value of surface marker expres
sion in AML. 

Patients and Methods 

Patient selection. Between January 1992 and 
February 1994, 94 consecutive adult patients with 
AML were ente red into the study. In 58 patients, 
de novo AML was diagnosed, 21 had a history of 
an antecedent haematologic disorder (AHD), 
and 13 patients were in first relapse of AML (FR) 
(Table 1). Diagnosis was based on Wright
Giemsa-stained bone marrow smears and cyto
chemistry, according to the F AB Group criteria 
[14,151. CR and relapse were defined according to 
the Cancer and Leukemia Group B criteria [161. 

Patients were stratified based upon the dis
ease categories; AHD, FR, and de novo AML. 
Patients with de novo AML were treated on the 
European G-CSF-AML protocol. In brief, pati
ents received three courses of intensive therapy, 
the first course consisted of daunorubicin 
(DNR), 45 mg/rn', given daHy on day 1,2 and 3 
and ara-C (lOomg/m') as a 24h continous infu
sion on day 1-7. Additionally, VP-16 was admin
istered in a dosage of 100mg/m' on day 1-5. In 
the following two cydes, DNR was given only on 
day 1 and 2, and ara-C was given only on day 
1-5. A fourth cyde of consolidation endosed 
ara-C 3g/m' (twice a day, day 1-6), and DNR, 
30mg/m', on day 7 and 8. 

Patients with AHD were treated with ara-C 
100mg/m' as a continous infusion on day 1-7, 

Table 1. Patient characteristics 

92 total patients included 

58 patients with de novo AML 
21 with antecedent haematologic 

dis order (AHD) 
13 patients in first relapse of AML 
sex: 48 females, 46 males 
age: median 52,5 (range: 19-78) 
FAB-subtypes (de novo and first 

relapse, n = 49): 
MO:3 
MI: 11 

M2:20 
M3:2 

M4:9 
M5:2 
M6: 1 

M7: 1 

and idarubicin, lOmg/m', on day 1,2,and 3 in the 
first cyde. In the following two cydes ara-C was 
administered only on day 1-5 and idarubicin 
was given only on day 1 and 2. For consolidation 
patients were treated with m-AMSA 60mg/m' 
(day 1-5) and ara-C 600mglm' (twice a day, day 
1-5). 

Patients in relapse received 3 courses interme
diate-high dose (iHD) ara-C 600mg/m' twice a 
day on day 1-4 and VP-16 100mg/m' on day 1-7. 

A complete remission was defined by a mar
row normal cellularity with less than 5% blasts 
and normal-appearing haematopoiesis, and 
peripheral blood values within normal range. 
Patients with > 5% blasts were considered non
responders (NR). 

Immunofluorescence analysis. Mononudear cells 
were recovered from heparinized bone marrow 
aspirated at diagnosis, prior to therapy. After 
density gradient sedimentation using Ficoll
Hypaque, the cells were washed three times, 
stained by double color direct immunofluores
cence (phycoerythrin- and fluorescein-isothio
cyanate labeled) with aseries of monodonal 
antibodies (MoAbs.) and studied immediately. 
The mononudear cell fraction in all evaluable 
cases contained at least 50% morphologically 
malignant cells; detection was gated primarily on 
the subpopulation of malignant cells. Analysis 
was performed using a F ACScan flow cytometer 
and the Lysys 11 software (both Becton
Dickinson, Heidelberg, FRG). The MoAbs. used 
were as follows: CD4 (Leu3), CD8 (Leu2), CD45 
(HLE 1), CD14 (LeuM3), CDlO (Calla), CD19 (Leu 
12), CD20 (Leu 16), CD22 (Leu 14), CD41a, CD13 
(MYl), CD71 (ATR), CD45 (KC56), CD34 (HPCA-
2), CD2 (Leu 5), CD16 (Leu u), CDub (AntiCR 3), 
DR, CDuc (LeuM5), CD7 (Leu 9), CD15 (LeuMI), 
CD33 (LeuM9), CD38 (Leu 17), CD25 (Tac), 
Erymarker, MY4, BBlO, TU27, CDua (LFA-IA), 
CD18 (LFA-Iß), CD54 (ICAM-l), CD29 (VLA-l), 
and CD58 (LFA-3). Antibodies were purchased 
from Becton-Dickinson, Heidelberg, FRG, 
except: CD45 (Coulter Company, Krefeld, FRG), 
CDlla, CDI8, CD54, CD29, and CD58 (all by 
Dianova, Hamburg, FRG). Controls were per
formed with unstained cells and non-reactive 
antibodies (MsIgG and MsIgM). Double fluores
cence analyses were performed with at least 32 
combinations of 2 MoAbs each (Fig. 1). 

Statistical analysis. Statistical analyses were per
formed using Statplot and Statgraph softwares. 
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Fig. 1. Flow cytometry of bone marrow cells prior to therapy, cells gated for malignant population in forward 
(x-axis)/sideward (y-axis) scatter (A) and expression of CD7 (x-axis)/CD33 (y-axis) on blast cells (B) 

The relationships of each surface antigen, single 
and in combination, to therapeutic outcome 
were studied by the chi square test and the 
Fisher's exact test [17]. 

Results 

The relationship of surface marker expression to 
the outcome of induction treatment was proven 
for all tested antibodies. Patients were analyzed 
either in the whole group and in the subgroups 
de novo, AHD, and FR. Correlation was proved 
between achievement of CR and different per
centages of antibody-expression on the leuke
mic blasts. When tested only for positive versus 
negative expression, none of the tested antibod
ies showed any predictive value, neither alone 
nor in combination with a second antibody. A 
positive correlation was found when detection 
was focussed on leukemias, in which more than 
50% of the blast cells expressed a certain anti
body. The CR rate was significantly higher in de 
novo AML with a high expression of CD7 on the 
leukemic blasts. Out of 39 evaluable patients all 
eight with high expression achieved CR 
(p < 0.03) (Table 2). This correlation could not 
been stated in the disease entities FR or AHD 
(Table 2). There was also a trend to a higher CR 
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rate in CD15 positive group. Analyzed in the 
whole group of evaluable patients (61, all disease 
entities together), 15 with high expression of 
CD15 were in CR after induction therapy 
(p< 0.05). None of the other tested antibodies 
showed any predictive value. Especially no cor
relation between CD34 expression and fatal out
come of induction therapy could be stated. 
None of the studied adhesion molecules, in par
ticular CD54, correlated to achievement of CR. 

In this series, age, initial biological parame
ters (leucocyte and platelet counts, hemoglobin 
level, bone-marrow blast cell number), extrame
dullary disease, and expression of other surface 
markers were not linked to CR rate. 

Discussion 

This study reflects once again the heterogeneous 
reactivity of AML cells reported in the literature. 
The expression of antigens defined as T-lineage
specific is a common observation in AMLs. CD7, 
highly expressed on normal precursor cells, has 
been reported in 10 to 26% of cases, especially in 
Mo and MI FAß subgroups [6,7,18-22]. The sig
nificance of the expression of this lymphoid 
marker for response to induction therapy and 
long time survival was discussed controverse: 



Table 2. Expression of surface marker on leukemic blasts in correlation to induction ther-
apy response 

denovoAML AHD/FR 

moAb. CR (n) failure (n) stat. value CR (n) failure (n) stat. value 

CD7+ 8 0 P<0.03 0 2 n.s. 
CD7- 15 10 6 13 
CD33 + 19 8 n.s. 2 10 n.s. 
CD33- 4 1 4 
CD7+/CD33+ 9 0 P<0.05 0 2 n.s. 
CD7-/CD33- 9 9 6 

CD54+ 4 n.s. 0 0 n.s. 
CD54- 11 4 5 
CD34+ 8 9 n.s. 4 9 n.s. 
CD34- 12 3 2 
CD2+ 0 n.s. n.s. 
CD2- 20 13 5 15 
CD13+ 44 22 n.s. 8 23 n.s. 
CD13- 6 6 4 9 
CD15+ 14 5 n.s. n.s. 
CD15- 11 9 15 

moAb. = monoclonal antibody, + = expression on > 50% of cells, - = expression on 
< 50% of cells 

so me of the reports indicated it as a marker of 
bad prognosis [13,23]. This seems convincing, 
because it represents a certain "bilineage" of the 
leukemia, which should not respond to a thera
py, adapted to a myeloid leukemia. Furthermore, 
arecent study showed an association of multi 
drug resistance (MDR1) gene with the expression 
of CD7 in both acute lymphocytic and nonlym
phocytic leukemias, but without any correlation 
to clinical outcome of this patients [24]. In con
trast to these findings, some recent reports failed 
to find a prognostic value of CD7 [21,25]. 

Recently we were able to demonstrate in a 
smaller patient group a positive predictive value 
of CD7 [26]. This apparent contradiction may be 
explained by several facts. Even in this study 
CD7 shows no predictive value, if the correlation 
to therapeutic response is made just on the base 
of positive or negative expression. The statistical 
significant predictive value is given clearly, if the 
discrimation is done at a limit of 50% of the 
blast cells positive for CD7. When the limit is 
reduced down to 30%, the significance vanishes. 
Another important factor is the difference in the 
course of the distinct AML disease entities: 
AMLs in first relapse are in a certain way resis
tant to standard chemotherapy regimens; from 
AML after AHD it is known that response rates 
are smaller than in de novo AML [2]. This was 
proved to be true in this study, too. The positive 

correlation of CD7 with response to induction 
therapy was given only for de novo AML, with 
no correlation in FR or AHD. This shows the 
necessarity to differentiate between the sub
groups of AMLs included in a study. The differ
ence in results between de novo AMLs and AHD 
and FR mayaiso be explained by one factor of 
the induction therapy: in de novo AML in duc
tion therapy includes adriamycine, which is not 
given in FR or AHD. In 1993 a better responsive
ness of CD7+ leukemias to this P-gp-related 
anticancer agent was already observed [271. In 
those studies showing a negative correlation of 
CD7 with therapeutic outcome no differentiation 
between AHD and de novo AML was done and 
though the median age of patients was quite ten 
years higher than in the present study, it seems 
convincable that a higher frequency of AHD 
with its poorer prognosis were included [13,23]. 

The positive correlation of high expression of 
CD15 with achievement of CR is not as sensa
tional as it is for CD7. Already Griffin et al. 
found a predictive value for CD15 [28]. In 
Griffin's study the expression even in lower per
centages than 50% of the blasts correlated with a 
higher rate of CR. This was supported by a 
study, which found a correlation with a higher 
rate of continuous CR [26]. 

This study demonstrates the value of immu
nophenotyping to identify subsets of patients 
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with different clinieal features. It also provides 
preliminary informations regarding the prog
nostie value of CD7 and CD15 expression in 
AML. These markers could be of use for the 
early identification of patients responding better 
to chemotherapy induction protocols. Further 
investigations for pathophysiologieal explana
tions such as MDRI or WTl gene expression in 
vitro and in vivo are expected to answer open 
questions and to help develop therapeutie regi
mens adapted to the probability of induction 
response. 
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IL-2 Receptor (lL-2R) Alpha, Beta, and Gamma (hains Expressed on Blasts 
of Acute Myelocytic Leukemia May Not Be Functional 

E. Weidmann, J. Brieger, K. Fenchel, D. Hoelzer, L. Bergmann, and P. S. Mitrou 

Introduction 

Preliminary clinical studies including IL-2 in 
chemotherapeutic strategies for treatment of 
acute myelocytic leukemia suggest that IL-2 may 
improve the overall outcome of the patients [1, 
2]. To date, the mechanisms of eradication of 
blast cells are still unclear. Cytotoxic T and NK 
cells or secondary cytokines released after 
administration of IL-2 have been discussed to 
contribute to the elimination of leukemic cells 
[3-S]. However, it is important to know, whether 
IL-2 may directly influence AML blasts [6]. In 
initial sudies, using flow cytometry, we found 
expression of considerable levels of the IL-2R 
alpha chain on blast cells in a low proportion of 
patients with AML. However, the IL-2R beta 
chain was more frequently expressed ranging 
from 0% to 98%. To confirm these results on a 
transcriptional level, we studied the expression 
of RNA of the IL-2R a, ß, and y chains by RT 
PCR in the bone marrow of 39 newly diagnosed 
patients with AML and in three AML derived 
cell lines. RNA for all three IL-2R chains was 
expressed in lines KGl, HEL 92.1.7 and KS62. 
Surface expression of the IL-2R ß chain was 
observed in all three lines, but of the a chain 
only in KGI cells. In comparison with unstimu
lated ceIllines incubation of the three lines with 
various amounts of IL-2 over 3 and 14 days did 
not influence their growth, measured by cell 
numbers and 3H-thymidin incorporation. RNA 
for the a chain was detectable in 12/39 patients, 
of the ß chain in 10/39 patients and the y chain 
in 29/39 patients with AML. Altogether the data 

suggest that the IL-2R expressed on AML blast 
cells may be incomplete and not functional. In 
future studies, functional properties of IL-2 R on 
blast cells obtained from newly diagnosed pati
ents with AML will have to be investigated. 

Methods 

Blast (el/s. Heparinized bone marrow was obtain
ed by aspiration from patients with previously 
untreated patients with AML. Mononuclear 
cells (MNC) were isolated by Ficoll Hypaque 
sedimentation. 

Cel/lines. The myeloid ceIllines KS62, HEL 92.1.7 
and KGI were obtained from ATCC (Rockville, 
MD, USA) and maintained in culture according 
to the provided instructions. For functional 
analyses, lines were cultured without and in 
addition of ISO lU/mI, 6000 lU/mI or 60000 
lU/mI IL-2 for 3 and 14 days. 

Proliferation assay. Blast ceIllines were cultured with 
and without IL-2 as described above. After 3 and 
14 days, they were counted and the proliferation 
was assayed by 3H-thymidine uptake. S x 104 cells 
were plated in 96 weIl plates and o.s uCi 3H
thymidine/well (Amersham, Braunschweig, FRG) 
was added. After 18 h of incubation in a humified 
atmosphere cells were harvested and the 3H
thymidine uptake was measured in aß-counter. 

Colonyassays. Prior to colony assay, cryopreserved 
blasts from the bone marrow of one AML 
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patient were thawn and incubated in RPMI 1640 
media (Gibco BRL, Berlin, FRG) supplemented 
with 10% FCS (Roth, Karlsruhe, FRG), 1% I-glut
amine 100 U/ml penicillin and 100 ug/ml strep
tomycin (Flow Laboratories, Irwine, UK) with 
addition of 10 ng/ml GM-CSF (Essex-Pharma, 
Munich, FRG) and 10 ng/ml IL-3 (Amgen, 
Munich, FRG) for 48 h. Then 1 x 10' cells were 
transferred into culture dishes containing 1 ml 
of 1,25% methylcellulose media (Gibco) supple
mented with 30% FCS, 1% I-glutamine, 1% 2mM 
mercapto-ethanol (Gibco), 2,5% IMDM (Gibco), 
and 10 ng IL-3, 10 ng G-CSF (Amgen) and 10 ng 
GM-CSF. Cells were incubated for 10-14 days 
before growing colonies were picked. Then total 
RNA was extracted from colonies consisting of 
20-30 cells, as described below. 

RNA purification. RNA was extracted using the 
RNAzol B method (Biotex, Wak-Chemie, Bad 
Homburg, FRG). Briefly, cells were washed in 
PBS and subsequently treated with 0.2 ml 
RNAzoI B solution and 0.02 ml chloroform per 
2 x 106 cells. After vigorous shaking and cooling 
on ice for 5 min, the sampIes were centrifuged at 
12000 x g at 4°C for 15 min. The aequous RNA
containing phase was removed and the RNA was 
precipitated with equal volumes of isopropanol 
for 15 min on ice, and then pelleted and washed 
with 75% ethanol. For isolation of RNA from 
small numbers of cells (20-30 cells) obtained 
from colony assays (see above) 20 ug glycogen 
were added to the aequous phase prior to pre
cipitation. 

cDNA synthesis. Aliquots of 5 ug or less total RNA 
were reverse transcribed. RNA was incubated 
for 30 min at 4 °C with a mixture of 200 U of 
Molononey leukemia virus reverse transcriptase 
(MMLV-RT), 2 ug oligo-dT, 0.2 ul 100mM 
dNTP, 0.9 ml DTT 100 mM, 40 U RNAse 
inhibitor, 6ul 5 x MML V first-strand buffer: 250 
mM Tris-HCI (pH 8.3), 375 mM KCI, 15 mM 
MgCI2 , in a total volume of 30 ul. The reaction 
was stopped by heating to 99°C for 5 min. All 
reagents were purchased from Gibco BRL, 
Berlin, FRG. 

Polymerase chain reaction. The cDNA synthesized as 
described above was amplified using oligonu
cleotide primers, which were designed accord
ing to published sequencies for IL-2R a, ß, and 
y chain genes [7-9]: 

primer size ofPCR-
sequences product 

IL-2Ra: 3' 5' -GGGACTGAG 
CTGGCATAGAG-3' 544 bp 

5' 5' -GGCTCTACA 
CAGAGGTCCTG-3' 

IL-2Rß: 3' 5' -GCTGCAGGC 
TTTGTCCTGAA-3' 472 bp 

5' 5' -CCCGTGAGT 
CAAGCATCCTG-3' 

IL-2Ry: 3' 5' -CCCGTGCT A TT 
CAGTAACAAG-3' 493 bp 

5' 5' -GGCCACACAGA 
TGCTAAAACT-3' 

The primers were synthesized by Roth, 
Karlsruhe, FRG. The reaction was performed in 
solution containing cDNA from 250 ug of total 
RNA (or less, when RNA from blast colonies was 
used), 1 U Taq polymerase (Serva, Heidelberg, 
FRG), 20 pmol of each primer, 10 nmol dNTP, 1.5 
mM MgCI2, 50 mM KCI, 10 mM Tris-HCI (pH 
9.0) and 0.1% Triton X-100 in a total volume of 
50 ul. 35 PCR cycles were performed with 30 sec 
denaturation at 94°C, with 30 sec annealing at 60 
°C and with 30 sec extending at 72 oe. The ampli
fied products were separated and visualized in 
ethidium bromide stained 1% agarose gels. 

Flow cytometry. Surface expression of the IL-2Ra 
and ß chains was analysed by labeling with 
monoclonal antibodies [anti IL-2R (CD25), 
Becton Dickinson, Heidelberg, FRG, and anti IL-
2Rß (P75) Endogen, Boston, MA, USA] and mea
suring in a FACScan (Becton Dickinson). Gating 
was set around the blast cell population. 

Results 

Cell surface expression of IL -2R a and ß chains. Blast 
cells obtained from the bone marrow of 48 
patients with previously untreated acute myelo
cytic leukemia were analyzed for surface expres
sion of IL-2R a and ß chains. Blasts from 7/48 
patients were shown to express IL-2Ra chains in 
a frequency higher than 5% ranging between 
10% and 42% (Table 1). Cell surface expression 
of the IL-2R ß chain, measured with the mono
clonal antibody TU27, was more frequent rang
ing between 0% and 98% on blast cells from 
AML patients (Table 1). Also, the three lines of 
myelopoietic origin expressed the IL-2R ß chain 
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Table 1. Frequency of the patients' blast sam pies 
showing expression of the a, ß and y chains on the cell 
surface or at the mRNA level, and the percentage of 
cell surface expression and the level of RNA expres
sion by 3 ceillines 

cell 
surface 
(> S%) mRNA 

a ß a ß y 
7/48 38/48 12139 10/39 29/39 

ceillines 
HEL 0% 99% ++ + ++ 
KGI 37% 97% ++ ++ ++ 
KS62 0% 98% ++ + ++ 

+ = moderate expression; + + = strong expression 

(Table 1). However, only the KGI cell line was 
demonstrated to express the IL-2Ra chain 
(Table 1). 

IL -2R, a, ß and y chain message expression by bone mar
row derived MNC from patients with AML and AML derived 
cel/ fines. RT -PCR analysis of IL-2R message 
expression was performed as described in mate
rials and methods for the a, ß and y chain in 39 
patients with newly diagnosed AML. After 35 
PCR cycles, signals representing RNA expres
sion of the IL-2R a and ß chains occurred only 
in about 1/3 to 1/4 of the patients' bone marrow 
sampies. Message of the IL-2R y chain, however, 
was detectable in 29 out of the 39 patients (Table 
1). To study IL-2R expression at a more clonal 
level, bone marrow derived MNC from 1 patient 
were cultured in methyl cellulose supplemented 
with growth factors for the myeloid lineage. 
After 12 days, 9 colonies were picked and RNA 
was isolated as described in methods and trans
ferred into RT-PCR. As demonstrated in Table 
2, in none of the colonies message for the a 
chain was detectable. IL-2R ß chain RNA was 
found in at least 3 of the colonies and the y chain 
gene was transcribed at a detectable level in 8/9 
colonies (Table. 2). 

Analysis of the influence of IL -2 on the growth of three AML 
derived cel/fines. The celllines K562, HEL 92.1.7 and 
KGI (for IL-2R surface and gene expression see 
Table 1) were incubated with various concentra
tions of IL-2 for 72 hand 14 days. Proliferation 
was measured by cell numbers and by 3H-thymi
dine uptake. The results are shown in Table 3. 
None of the 3 lines, even though they expressed 
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Table 2. IL-2 R message expression by AML blast 
colonies 

IL-
2R 1 

a 
ß 
y ++ 

2 3 4 

+ + 
++ ++ 

6 7 8 9 

+ + + 
++ ++ ++ ++ + 

Blast colonies were grown, harvested and RT-PCR was 
performed as described in methods. 
+ = moderate expression; + + = strong expression 

IL-2 receptors to a certain level, seemed to 
respond in growth to IL-2. 

Discussion 

Interleulin 2 is a low molecular weight (15 kd) 
glycoprotein involved in growth, differentiation 
and activation of certain lineages of white blood 
cells. Receptors for IL-2 (IL-2R) have been 
shown to be present on T, Band NK cells and on 
monocytes [10-13]. The IL-2R consists of 3 
chains, a, ß, and y and the way they are associat
ed determines the affinity of IL-2 binding [7-9]. 
Expression of the IL-2R a, chain allows low 
affinity binding whereas association of the ß and 
y chains or a, ß and y chains results in interme
diate or high affinity ofIL-2 binding [9]. 

More recently, the spectrum of IL-2-binding 
cells was demonstrated to be wider than origi
nally assumed. IL-2R have been reported to be 
expressed by leukemic cells [14], certain lym
phomas [14], and on solid tumors as malignant 
melanomas [15] or squamous ceU cancers [16]. 
However, there is a paucity of information 
regarding the function of IL-2R on tumor cells. 

Recently preliminary treatment studies have 
been reported, demonstrating evidence that 
administration of IL-2 in patients with acute 
myelocytic leukemia may prolong remission 
duration [1, 2]. Since IL-2R were shown to be 
expressed on myelocytic leukemia blasts, we 
were interested in the pattern of expression and 
a possible proliferative response to IL-2. By 
F ACS analysis using monoclonal antibodies 
against the a and the ß chain, low expression of 
the a chain but more frequent and higher ex
pression of the ß chain was found. The results 
were not exactly reflected by PCR analysis show
ing less frequent detectable RNA expression 
for the ß chain. Similar findings have been 



Table 3. Proliferation of AML derived celliines in response to IL-2 

cellline time 

K562 72h 

14 d 

HEL 92.1.7 72h 

14d 

KG1 72h 

demonstrated in cell lines obtained from squa
mous cell cancer of the head and neck (16). The 
reason for weak ß chain message expression 
remains to be clarified. Message of the IL-2R y 
chain was detected in 3/4 of the sampies studied. 
Thus possibly the intermediate IL-2R is 
expressed on the majority of bone marrow 
derived blast populations. However, since the y 
chain is also a functional component of other 
cytokine receptors as IL-4 [17,18), IL-7 (19) and 
possibly IL-13 [17, 18), strong y chain message 
expression may indicate that this part of the 
receptor expressed on blast cells is associated 
with other receptors. 

To study whether IL-2 may have proliferative 
activity on AML blasts, 3 AML derived ceIllines 
were cultured with addition of IL-2. According 
to the data of Foa and coworkers (6) no major 
changes of cell numbers or 3H-thymidine uptake 
were observed after 3 and 14 days. Although cell 
lines do not represent blasts from AML patients, 
our previous observation that in IL-2 activated 
bone marrow cultures from AML patients T cells 
proliferated and bl asts disappeared (20) may 
additionally indicate that IL-2 does not induce 
proliferation of AML blasts. 

In conclusion, our results indicate that IL-2R 
expressed by AML blast cells may not be func
tional, possibly by incomplete expression, or 
mutated genes. However, since IL-2 has been 

thymidine cell number 
IL-2 conc. (IV) uptake (cpm) ( x lO'/ml) 

0 44.038 1.8 
150 34.146 2.8 

6.000 39.287 2·4 
60.000 36·390 2.0 
0 20.217 6.6 

150 17·666 8.2 
6.000 14·719 6.8 

60.000 15.232 7·6 
0 18.045 6.4 

150 24.181 6.1 
6.000 16.414 6·7 

60.000 ll·886 5·2 
0 34·823 7·2 

150 32.987 6.9 
6.000 29·719 7·4 

60.000 30.510 6.7 

0 59.032 5·3 
150 58.257 6.8 

6.000 56·363 5·8 
60.000 65-420 7·2 

introduced in the treatment of AML, further 
functional parameters of IL-2R as signal trans
duction or cytokine production will have to be 
carried out. 
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Stromal Function in Long Term Bone Marrow Culture of Patients 
with Acute Myeloid Leukemia 

Michail Ya. Lisovsky and Valeri G. Savchenko 

Introduction 

Inhibition of normal hemopoiesis-peripheral 
blood pancytopenia and complete absence of 
normal colony forming ceHs in bone marrow [3, 
4], is a regular finding in acute (AML) myeloid 
leukemias [1]. However, this inhibition is 
reversible. Polydonal normal hemopoiesis is 
reestablished in more than two thirds of cases of 
AML during complete remission, demonstrating 
the existence of normal stern ceHs [15]. A few 
pathogenic mechanisms have been proposed to 
ac count for this process: ceH crowding, synthesis 
by leukemic ceHs of inhibitor substances, ceH 
contact processes and deficiency in the stromal 
ceH microenvironment [2]. Several humoral in
hibitors were found to be produced by leukemic 
ceHs such as acidic isoferritins, LAI and TNF
alpha [4,5,6]. Very little is known about the 
role of the microenvironment in the inhibition 
of normal hemopoiesis. 

The earlier attempts to study the hemopoietic 
microenvironment in leukemia have been based 
on the use of the fibroblast colony forming unit 
assay (CFU-F) [7] and cultures ofpassaged bone 
marrow fibroblasts. It is still unknown which 
ceH population's progenitor represents CFU-F 
[16]. However suppression of CFU-F in AML 
demonstrated that leukemia can adversely influ
ence at least some stromal ceH types. 

Long term bone marrow cultures (LTBMC) as 
first described by Dexter et al. [8] offer a much 
more adequate system to study the interaction 
of hemopoietic ceHs with stroma because that 
system reproduces in vitro many of the features 

of stromal ceH mediated regulation of hemo
poiesis in vivo. 

In order to evaluate the possibility of func
tional abnormality of stromal microenvironment 
in AML we studied the effects of adherent stro
mal ceHlayer (ASCL) from LTBMCs generated 
from patients with AML, AML in remission and 
normal individuals on CFU-GM production by 
reference normal bone marrow cells. We showed 
that ASCLs from normal LTBMCs were capable 
of supporting CFU-GM production in chimeric 
LTBMC; ASCLs from AML patients had no stim
ulatory effect and stromal ceH layers from AML 
in remission patients had intermediate effect. 

Materials and Methods 

Patients. A total of 11 patients and 7 normal con
trols were included in the study. 6 patients had 
newly diagnosed AML and they were catego
rized according to the French-American-British 
classification as foHows: 3 patients with M4 vari
ant (30%, 57%, 67')10 and 80% of bone marrow 
blasts), 1 patient with MI variant (80% of blasts), 
1 - with M2 variant (82% ofblasts) and 1 patient 
with M3 variant (80% of blasts). 6 patients were 
in complete remission of AML, 3 of them had MI 
variant, 1 - M2 and 2 - M3 variant. 7 normal 
controls were donors of aHogenic bone marrow 
transplants. 

Establishment of adherent stromal cell layers. L TBM Cs 
from AML and normal marrows were initiated 
as foHows. Bone marrow ceHs were obtained 
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from the supernatant after sedimentation in 
0.1% methylcellulose (Sigma, StLois, MO) for 30 
min. 2 x 107 nucleated bone marrow cells were 
placed in 25 cm2 tissue culture flasks (Lux, Miles 
Scientific, Il) containing 10 ml of growth medi
um, consisting of a-MEM (Flow Labs, UK) with 
12.5% preselected fetal calf serum (FCS) (Vector, 
Russia), 12.5% preselected horse serum 
(Pansystem, Germany; Vector, Russia), 10- 4 mol 
2-mercaptoethanol, 10 -6 mol hydrocortisone 
sodium succinate (Sigma, St.Lois, MO), 2 X 10-4 

mol inositol, 20 x 10- 6 mol folic acid, 4 mmol 
glutamine and 1% mixture of the antibiotics 
penicillin and streptomycin (Flow Labs, UK). 
The flasks were placed in a 37°C, 5% CO2 incu
bator for 3-5 days and thereafter were main
tained at 33°C. Every week half of the 
supernatant medium with cells was removed 
and replaced with fresh growth medium. 

The cellularity of ASCLs was counted at 4 and 
8 weeks of primary LTBMCs after trypsinisation. 

Coculture of Irradiated ASCLs and Reference 
Bone Marrow Cells. At the time of maximal con
fluency of ASCLs (3-5 weeks in culture) they 
were exposed to 40 Gy using a cesium 137 source 
afterwhat the cultures were overlayed with 
5 x 105/ml normal thawed allogenic bone mar
row cells. These cells had been previously 
depleted of adherent cells and cryopreserved. 
Cells from one donor were used for all LTBMC 
overlays. All the cocultures were manipulated as 
conventiomil L TBMCs. 

Adherent cell depletion. For adherent cell depletion 
the donor bone marrow cells were incubated in 
75 cm2 flasks at a concentration of 2 x 106 

cells/ml for 2 hours twice consequently. 
To have control cultures without preestab

lished ASCLs, 5 experiments were performed in 
which 5 x 106 adherent cell-depleted, thawed ref
eren ce bone marrow cells were grown in 
LTBMC. Nonadherent cell counts as well as 
CFU-GM content in nonadherent cell fraction 
were monitored weekly. 

CultureofCFU-GM. The harvested cells from nonad
herent fraction of L TBMCs were counted and 
assayed weekly for CFU-GM. CFU-GM were 
assayed in a double agar system. The 0.5% agar 
underlayer contained 20% of U 5637 conditioned 
medium as a source of colony stimulating activi
ty. Colonies of granulocytes and macrophages 
numbering 40 cells or more were scored on day 
14 using an inverted microscope. 
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Statistics. Statistical analysis was performed by 
using the Student t-test. 

Results 

ASCL formation. On the whole the cellularity of 
ASCL was significantly decreased in LTBMCs of 
patients with untreated AML and in patients 
with AML in remission (Fig. 1). 

3 out of 6 patients with untreated AML and 
all 6 patients with AML in remission formed 
well-developed ASCLs with moderately decrea
sed cellularity. 3 untreated AML patients with 
M2, M3 and M4 variants formed atypical poorly 
developed ASCLs. The cellularity of these ASCLs 
was greatly decreased (Fig. 1). Fat cells were 
greatly reduced or absent in cultures from 
patients with the untreated AML. Cells with 
fibroblastoid appearance were greatly reduced 
or absent in the cultures with poor ASCLs. 

There was no correlation between ASCL and 
bone marrow cellularities (r = 0.13 for untreated 
AML). 

Hemopoietic supportive capacity of ASCLs. Coculture 
experiments were performed to determine the 
possible existense of stromal dysfunction in 
AML LTBMC. .. In comparison with normal 
controls inoculated bone marrow cells demon
strated a defect in CFU-GM production when 
grown on AML ASCLs. The cumulative produc
tion of nonadherent CFU-GM in cocultures of 
untreated AML patients was 27% and in cocul
tures of AML in remission patients - 70% of that 
seen in cocultures with normal ASCLs. The sig
nificant difference between the CFU-GM pro
duction in normal and untreated AML 
cocultures became evident beginning from week 
3 (Fig. 2). From the same time point - week 3, 
nonadherent CFU-GM numbers in untreated 
AML cocultures did not differ from that in the 
cultures not containing preestablished ASCLs. 
CFU-GM production did not differ between sub
groups of AML cocultures with well developed 
and poorly developed ASCLs. 

In the AML in remission group the pattern of 
the CFU-GM production curve had much in 
common with that of normal cocultures apart 
from insignificantly decreased CFU-GM num
bers (Fig. 2). 

In order to evaluate the difference in the sup
portive capacity of well developed and poor 
ASCLs, CFU-GM production was compared bet-
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Fig.l. Cellularity of ASCLs in the normal and AML LTBMCs 

ween subgroups with weil developed and poorly 
developed ASCLs (Fig.3). There was no differ
ence in CFU-GM production between subgroups. 

Discussion 

In the present study we used the LTBMC system 
to evaluate in AML the functional integrity of 
the in vitro hemopoietic microenvironment rep
resented by ASCL. 

As a whole ASCL cellularity was decreased in 
untreated AML by a factor of 2.7 and in AML in 
remission by a factor 2,1 when compared with 
the normal controls. 3 out of 6 untreated AML 
patients did not form weil developed ASCL. The 
general feature of all LTBMCs of untreated AML 
patients was a greatly decreased amount or ab
sence of fat cells. 

The most apparent cause for poor stroma 
formation in untreated AML - dilution of stro
mal progenitors - is not likely to be the cause of 
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decreased ASCL ceIlularity because there is no 
correlation between ASCL and bone marrow 
aspirate ceIlularity_ Thus abnormality of obscure 
origin in stromal ceIl function represent the 
most reasonable explanation for decreased stro
ma formation in untreated AML group. 
However in the AML in remission group the 
reduction of ASCL ceIlularity may be associated 
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with drug treatment [9]. The normal CFU-GM 
production curve is preserved though at 
reduced level in AML in this group. This 
fact indicates that the damage to the stromal 
population originating from drug treatment is 
qualitatively different from what is seen in 
L TBMCs of untreated AML patients. 



In the coculture experiments we found a 
defect in the regenerative capacity of the bone 
marrow cells reflected in the number of CFU
GM detected weekly in the nonadherent layer of 
LTBMC and in the shorter period of time during 
whieh CFU-GM could be assayed. Our observa
tion is not the only one. The incapacity of stro
ma in the L TBMCs of 6 untreated AML patients 
to support generation of granulocyte, erythroid 
and multi potential progenitors during 5 weeks 
of cultivation was recently shown by Mayani 
et al. [101. Two ofthose patients developed poor 
ASCLs as did three of our AML patients. 

It was recently shown that division of clono
genie precursors is under the double control of 
these stimulatory and inhibitory factors pro
duced by stromal cells and it was suggested that 
the ratio of concentrations of these opposing fac
tors is what is important for the proliferation of 
hemopoietic progenitor cells [n, 12, 131. Thus 
possible explanations for the lack ofhemopoietie 
supportive capacity of stroma in AML LTBMC 
are underproduction of growth factors or over
production of inhibitors. Though inhibitor sub
stances were found in supernatants from AML 
and chronie lymphatie leukemia ASCLs [10,141 it 
is stilliargely unknown what kind of alterations 
are present in stromal cells ofleukemic LTBMC. 

In conclusion cellularity, morphology of stro
mal cell layers and their ability to support 
hemopoiesis in AML LTBMC is abnormal. This 
may be indicative of microenvironmental defect 
in AML in vivo. 
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Fluorescence In Situ Hybridization for the Diagnosis and Follow-up 
of BCR-ABL Positive ALL 

G. P. Cabot" M. Bentz" K. Fischer', A. Ganser" M. Moos" C. Scholl" P. Lichter" and H. Döhner' 

Introduction 

The BCR-ABL fusion, which is the molecular 
counterpart of the t(9;22), is the most common 
genetic abnormality in adult acute lymphoblastic 
leukemia (ALL) [1]. Due to its important diag
nostic and prognostic significance a rapid and 
sensitive detection of this alteration is necessary 
[2,3]. We recently published a fluorescence in 
situ hybridization (ISH) protocol that allows the 
detection of breakpoints within both the major 
(M-bcr) and the minor (m-ber) breakpoint clus
ter regions of the BCR gene on chromosome 22 
[4]. In the present study the new protocol was 
applied to screen a larger number of ALL 
patients. Furthermore, sampies from a few 
patients in clinical remission were examined. 

Patients and Methods 

Patients. Five probands and iliirteen patients with 
ALL (age 17-58 years, median 45 years, 6 female 
and 7 male) were examined by fluorescence ISH 
at initial diagnosis or relapse. In all patients data 
from G-banding analysis or/and reverse 
transcriptase PCR (Rt-PCR) were available. In 
addition, in two BCR-ABL positive patients hybr
idizations were performed on immunomagnetic 
beads sorted ceils from autologous bone marrow. 

Probes. For fluorescence ISH experiments we 
used the yeast artificial chromosome (YAC) 
clone D107F9 (kindly provided by Dr. H. 

Riethmann, Philadelphia, and Dr. T. Cremer, 
Heidelberg), amplified by ALU-PCR [5,6]; iliis 
clone is splitted by the translocation event; and 
the cosmid clone cos-abl 8 (kindly provided by 
Dr. N. Heisterkamp, Los Angeles, USA) recog
nizing sequences distal to the breakpoint in the 
ABL protooncogene [7]. In BCR-ABL positive 
cells one of the cos-abl 8 signals colocalizes with 
one signal from the BCR-YAC on the Philadel
phia chromosome (Ph'). Both DNA probes were 
labeled by nick translation with either biotin 16-
dUTP or digoxigenin-ll-dUTP. 

Fluorescence in situ hybridization. H ybridizations were 
performed as described [4,8]. The hybridization 
protocol was initially established on metha
nollacetic acid fixed cells and extended in a sec
ond step on stained and unstained blood or 
bone marrow smears. For dual colour hybridiza
tion 100-200ng of labeled YAC derived probe 
and 40-100ng of labeled cos-abl 8 were com
bined with 100-2oollg of unlabeled COt-1 DNA 
fraction and 21lg herring sperm DNA. After 
denaturation (76°C, for 6 min) the probes were 
preannealed (at 37°C, for 10 min). 

After posthybridization washes the probes 
were detected with anti-streptavidin CY3 and/or 
conjugated fluorescein anti-digoxigenin. The 
sampies were visualized on a conventional fluo
rescence photomicroscope with a dual band 
pass filter. Cells were only considered to be 
BCR-ABL positive, if they exhibited three 
D107F9 signals and if one of these signals colo
calized with one cos-abl 8 signal. 

'Medizinische Klinik und Poliklinik V, Universität Heidelberg, Germany 
'Deutsches Krebsforschungszentrum, Heidelberg, Germany 
'Zentrum der Inneren Medizin, Universität Frankfurt, Germany 



Results 

We previously reported that for the diagnosis of 
the BCR-ABL fusion the cut-off level could be 
reduced from 4.6% in single colour to 1.0% in 
dual colour hybridization [4]. An unambiguous 
diagnosis was made retrospectively in ceIls from 
aseries of ALL (see Fig. 1) and CML patients 
known to carry the Ph'. In this study thirteen 
ALL patients with unknown BCR-ABL status 
were screened. In 12 patients the percentage of 
positive ceIls was below the cut-offlevel (range: 
0.0%-0.5% mean: 0.16%). In one patient 
(no. 12) 65.0% of the ceIls exhibited three YAC-
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signals and the colocalization of one of these 
signals with one cos-abl signal (see Fig. 1). In 
this patient the diagnosis was confirmed by Rt
PCR (break in m-bcr). By G-banding or/and Rt
PCR no Ph' or BCR-ABL fusion was detected in 
any of the other patients. In the BCR-ABL posi
tive patient foIlow-up sampIes were analysed 
following reinduction therapy. 

Although the disease was in complete remis
sion, fluorescence ISH (see Fig. 2) showed per
sistence of the malignant clone: Hybridization 
on blood and bone marrow smears showed 5.0% 
and 7.5% BCR-ABL positive ceIls, respectively. 
The patient underwent allogeneic bone marrow 
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Fig. 1. Screening for BCR-ABL positive ALL using dual colour hybridization 

Fig.2. Detection of BCR-ABL positive cells during 
remission (note the logarithmic scale) 
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transplantation; so far, an analysis after trans
plantation has not been performed. 

In two BCR-ABL positive patients autologous 
bone marrow grafts harvested in complete 
remission were assessed. Analysis was per
formed on a ceH fraction that was enriched for 
the CDlO - and CD19 - positive ceHs by 
immunomagnetic beads purging. In both cases 
the percentage of BCR-ABL positive ceHs was 
above the cut-off level (see Fig.3: no. 20 8.5% 
and no. 21 6.0%). Rt-PCR showed amplification 
signals in both patients (breaks in M-bcr), while 
the G-banding karyotype remained normal (no. 
21). Patient no. 20 died from complication relat
ed to bone marrow transplantation. In patient 21 
further specimens were available two months 
after bone marrow transplantation. While mor
phological evaluation of the bone marrow 
showed less than 5% blasts, fluorescence ISH 

cot-oJr 
level 
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exhibited 21% BCR-ABL positive ceHs. The 
patient relapsed two months afterwards (Fig. 4). 

Discussion 

Previously, the applicability of fluorescence ISH 
for the diagnosis of the BCR-ABL fusion has 
been shown in only a few studies in CML. Two 
groups used cosmid clones flanking the break
points in the BCR and ABL gene [9,10]. With 
this probe set only breaks with the M-bcr could 
be detected. Two other groups used probe pools 
from microdissected chromosomes or derived 
from interspecies somatic ceH hybrids; these 
probe sets are suitable for metaphase, but not 
for interphase cytogenetics [11,12]. However, 
neither of these probes had been applied to a 
larger se ries of patients. In our study we 

Fig. 3. Detection of BCR -ABL fusion in 
immuno-magnetic beads purged stern cell 
grafts (note the logarithmic scale) 

20 +21 A: Increased number of BCR-ABL positive cells in the 
beads fractionfrom t\.w patients. 
21B: Follow-up of patient 21A t\.w months after autologous 
hone marrowtransplantation and t\.w months before clinical 
relapse. 

Fig. 4. Hybridization of YAC clone DI07F9 to methanoUacetic fixed cells from patient 21. two months after autol
ogous bone marrow transplantation. Although the disease was in complete remission, fluorescence ISH revealed 
21.0% BCR-ABL positive cells. Note the three YAC signals in both cells indicating the translocation event 
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achieved a high sensitivity and specificity by 
using dual colour hybridization with the YAC
clone D107F9 and the cosmid-clone cos-abIS. In 
contrast, in our study breaks both within the M
bcr and m-bcr were detected in interphase ceIls 
of ALL patients. The applicability for clinical 
diagnosis was demonstrated by hybridizing ceIls 
on blood smears of 13 consecutive ALL patients. 
In three patients, we used the probe set for the 
detection of residual disease. 

So far, the use of fluorescence ISH for the 
monitoring of therapies and the detection of 
residual tumor ceIls was only demonstrated on 
metaphase ceIls from CML patients after alpha
interferon therapy [12,131. Using our probe set 
this analysis can be extended to interphase ceIls. 
Using dual colour experiments we could drasti
caIly reduce the percentage of false positive 
nudei. In comparison to PCR, the detection of 
minimal residual disease by fluorescence ISH is 
less sensitive. However, PCR has several draw
backs and any quantification of the malignant 
clone remains delicate. The sensitivity of fluores
cence ISH may further be increased by hybridiz
ing ceIls enriched for the malignant done. 
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Incidence and Severity of Amphotericin B-induced Acute Toxicity 
in Leukemic Patients After Treatment with Three Different Formulations 
(Amphotericin B, AmBisome and Amphotericin B/lntralipid) - A Pilot Study 

M. Arning, K. O. Kliche, A. Wehmeier, A. H. Heer-Sonderhoff, and W. Schneider 

Introduetion 

Intravenous amphotericin B (AmB) is the most 
potent drug for treatment of systemic fungal 
infections in leukemic patients. However, use of 
this drug is often limited by renal side effects 
and acute toxicity (fever, chills, nausea, vomit
ing). A far better tolerance has been reported 
with the use of AmBisome, a liposomal prepara
tion of AmB, but this formulation is extremely 
expensive. In search of a cheaper AmB prepara
tion with a better tolerance than conventional 
AmB, french scientists recently reported that 
AmB mixed in fat emulsion (Intralipid) has a 
significantly better tolerance profile compared 
to conventional AmB (Caillot et al., 1992, 
Chavanet et al., 1992). Our pilot study was per
formed to get information about the tolerance of 
the three different AmB preparations in individ
ual patients. 

Material and Patients 

Patients participating in the study had acute 
myelogenous or lymphoblastic leukemia and 
received intravenous antifungal therapy during 
chemotherapy-induced bone marrow aplasia 
because of clinically suspected or microbiologi
caUy documented systemic fungal infections. 
For protection of nephrotoxicity, sodium load
ing with 50 ml NaCllO% using a central venous 
catheter was performed in aU patients receiving 
conventional AmB. 

Patients were not included if they gave no 
informed consent, had preexisting renal insuffi
ciency (serum creatinine values > 1,5 mg/dl), or 
had received an intravenous AmB preparation 
before start of the study. 

AmB Study Protoeol 

At day 1 of study protocol, patients were given 
AmB (5 to 30 mg) mixed in 250 ml glucose 5% 
within 2 hours. On the next day, patients 
received AmBisome at a dose of 3mg/kg body 
weight over 1 hour. Therapy on day 3 consisted 
of 50 mg AmB mixed in 100 or 250 ml Intralipid 
10%, given within 2 hours. After each AmB infu
sion, AmB-related side effects (fever and chills) 
were documented using modified WHO- and 
CALGB-expanded common toxicity criteria 
(Perry, 1992)(Table 1). 

Drug-induced fever was assumed when AmB 
application was followed by tlIe typical, well
known temporal elevation of body temperature 
within three hours after beginning of AmB infu
sion, especially when accompanied by chills. To 
distinguish drug-fever from infectious fever, 
AmB infusion was started when patients had 
body temperatures < 37,5 degree Celsius at least 
four hours before start of the study. 

No premedication was given. 
After application of AmB infusion on day 

three, patients were asked which AmB prepara
tion they would prefer for further antifungal 
treatment. 

Department of Hematology, Oncology and Clinical Immunology, Heinrich-Heine-University Medical Center, 
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Table 1. Grading for AmB-related side effects 

toxicity grade 0 grade 1 

fever no fever <38 oe 

chilis none minor chilis, 
without 
temperature 
elevation 

Chi square tests were performed to calculate 
differences of the tolerance profiles between the 
three drugs. A p value < 0.05 was considered 
significant. 

Results 

18 patients participitated in the study. Fourteen 
patients received a11 three AmB preparations, 
four refused AmB/lntralipid infusions after ex
periencing acute toxicity with conventional AmB 
and no side effects after AmBisome infusions. 
All together 50 AmB infusions were studied. 

The incidence and severity of AmB-related 
side effects is given in Table. 2 

Grade 3 toxicity with temperature > 40 oe 
and chilis were documented after 6/18 infusions 
in the AmB group, significantly more often com
pared to 2/14 infusions in the AmB/Intralipid 
group and 1/18 infusion in the AmBisome group. 
The patient who did not tolerate AmBisome also 
did not tolerate the other two preparations with
out multi-drug premedication. 

Of the six patients who showed grade 3 toxici
ty after conventional AmB, three later refused 
AmB/lntralipid infusions. The other three 
patients with grade 3 toxicity during conven
tional AmB also experienced toxicity after 
AmB/lntralipid infusions (2 patients grade 2, 1 

patient grade 3). 

Table 2. Incidence and severity of AmB-related side 
effects 

AmB AmB/lntralipid AmBisome 
(n = 18) (n = 14) (n = 18) 

grade 0 4 3 10 

grade 1 3 2 4 
grade 2 5 7 3 
grade 3 6 2 

No grade 4 toxicity was seen after the AmB infusions 

560 

grade 2 grade 3 grade 4 

38 - 40 oe > 40 oe fever with 
hypotension 

chilis with chilis with chilis with 
temperature temperature hypotension 
elevation >40 oe 
<40 oe 

Moderate toxicity (grade 2) occurred in 5/18 
infusions after conventional AmB, 7/14 in the 
AmB/lntralipid group and 3/18 in the AmBisome 
group. 

Minor reactions were 
infusions in the AmB 
AmB/Intralipid group 
AmBisome group. 

documented in 3/18 
group, 2/14 in the 
and 4/18 in the 

10/18 AmBisome infusions were tolerated 
without any adverse reactions, significantly 
more compared to only 3/14 infusions with 
AmB/lntralipid. 

The questionnaire after a11 three infus ions 
revealed that 11/18 patients did not find subjec
tive significant differences of the infusion-relat
ed adverse reactions. Seven patients clearly 
stated that AmBisome infusions were much bet
ter tolerated than conventional AmB or 
AmB/Intralipid infus ions. Among them were the 
four patients who refused further participation 
in the study after experiencing grade 3 and 4 
toxicity with conventional AmB infusion and 
exce11ent tolerance of AmBisome infusions. 

Discussion 

Our results confirm that AmBisome is tolerated 
without acute toxicity in most leukemic 
patients. The good tolerance of this preparation 
was especia11y impressive in five patients who 
showed grade 3 toxicity after conventional AmB 
and exce11ent tolerance of AmBisome. 

In contrast, we could not confirm that the 
AmB/Intralipid formulation has a similar good 
tolerance profile compared to AmBisome. Major 
side effects necessitating the administration of 
antipyretics and/or corticosteroids occurred in 
9/14 patients during AmB/lntralipid administra
tion. Although the most severe reactions were 
observed less frequently compared to conven
tional AmB, this is only slightly superior to the 



profile of conventional AmB, where 11/17 
patients showed major toxicity (grade 2 and 3). 

These results are in contrast to the findings of 
Caillot et al, 1992, who reported a significandy 
better tolerance of the lipid formulation as co m
pared to conventional AmB. However, the study 
of Caillot et al. was a retrospective one and did 
not compare the tolerance of the different for
mulations in the same patients. Moreover, they 
primarily focused on nephrotoxicity and not on 
acute side effects. 

It is well-known that so me patients tolerate 
conventional AmB for weeks without any side 
effects while other patients do not tolerate even 
1mg of the drug without fever and chills. We 
think that our study design is more adequate to 
investigate the toxie profile of different AmB 
preparations. 

In this small study, we compared the toler
ance profile of a small dosage of conventional 
AmB with a high dose of AmBisome and a high 
dose of AmB/Intralipid. Although there are no 
prospective, controlled studies indieating that 
incidence and severity of AmB-related acute 
toxicity increases with AmB dose, we followed 
current recommendations not to start AmB
treatment with the maintenance dosage of 0,7 to 
1 mg/kg body weight. 

We made efforts to differentiate drug-indu
ced fever and chills from fever of other causes, 
but one has to keep in mind that our patients 
received the AmB formulations because of sus
pected or documented fungal infections during 
chemotherapy-induced bone marrow aplasia. 
We cannot exc1ude the possibility that in so me 
cases fever due to fungal infection has influ
enced our study results. However, administra
tion of AmB to normal volunteers must be 
considered unethieal in view of its toxie profile 
and the administration of the different prepara
tions within three days should minimize any 
bias of the results due to underlying infection. 

This pilot study was performed during the 
first three days of AmB therapy. Toxie reactions 
usually decrease with continuation of AmB ther
apy, and further studies are needed to investi
gate the toxic profiles of the three formulations 
during long-term treatment. In this study, we 
did not focus on nephrotoxicity as we have 

learned that sodium loading effectively m1111-
mizes AmB-induced nephrotoxicity. In our 
experience, cessation of AmB therapy because of 
nephrotoxicity has become rare (Arning and 
Scharf, 1989, Branch, 1988). 

At present, we do not know tlIe influence of 
infusion time and the optimal dose of AmB in 
lipid emulsions for optimal tolerance of this new 
drug combination, nor even do we know the 
equivalent dose of AmB/Intralipid compared to 
conventional AmB. It may be that changes of 
these variables may strongly influence our 
results. Moreover, as it seems tlIat severity of 
AmB/Intralipid-related side effects tends to be a 
litte bit lower when compared to tlIe severity after 
conventional AmB, the routine use of a premed
ieation with paracetamol or similar antiinflam
matory drugs may further increase the tolerance 
of AmB/Intralipid compared to conventional 
AmB. Further comparative, prospective studies 
are necessary to answer these questions. 

In conc1usion, AmBisome was tolerated best 
of the three AmB preparations. The AmB/
Intralipid emulsion was marginally better toler
ated than the conventional preparation with 
regard to acute toxic reactions. 
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Pulmonary Infiltrates in Patients with Hematologic Malignancies: (linical 
Usefulness of Non-bioptic Bronchoscopic Techniques 

M. von Eiff, N. Roos, M. Zühlsdorf, M. Thomas, and J. van de Loo 

Introduction 

The increase in the intensity of cancer chemo
therapy has created new problems, and has 
shifted the major obstacles against a successful 
treatment of neoplastic diseases from tumor
resistance to the management of therapy related 
myelosuppression. Persistant neutropenia in the 
course of intensive antineoplastie treatment 
exposes patients to an increasing risk of infec
tious, especially pulmonary infections. The 
highest mortality between 55 and 90% occurred 
when the source was respiratory (Pizzo et al 82, 
Singer et al 77, Whimbey et al 87). To lower the 
high mortality rate in these patients the earliest 
possible detection of causal pathogens is needed 
to start specific treatment. 

Patients and Methods 

A fiberoptie bronchoscope was advanced into a 
segmental bronchus supplying an area of radio
graphie abnormality. Mierobiology specimen 
brush-catheter (MierovasiveR, Watertown, USA) 
was placed through the channel of the broncho
scope and the plug of the catheter was pushed out 
using visual guidance. For BAL the bronchoscope 
was wedged into a segmental bronchus. Alveolar 
lavage was performed by sequential instillation 
and suctioning of 50 ml volumes of sterile physi
ologic saline. The procedure was repeated four 
times, and the fluid returns were pooled. After 
BAL bronchial secretions were suctioned via the 
working channel of the bronchoscope. 

An aliquot of the BAL fluid was used for cul
ture of aerobie bacteria, Legionella, Mycobac
teria, fungi and viruses. Cytopreparation smears 
were routinely stained with Grocott for detec
tion of Pneumocystis carinii and fungal organ
isms, with gram stain for bacteria and with 
auramine-rhodamine for Mycobacteria. They 
were studied by direct immunofluorescence 
assay for Legionella and for cytomegalovirus. 
Papanieolaou stains were examined for the pres
ence of malignant cells, intracytoplasmatie or 
intranuclear viral inclusion bodies and hemo
siderin-Ioaden macrophages. Bronchial secre
tions were submitted for bacterial, fungal, 
mycobacterial, and Legionella culture and 
stains. Protected specimen brush was done in 71 
patients additionally to BAL and bronchial 
washings and cultured for bacteria and fungi. 

Clinieal information on each patient was 
obtained from the physician who followed the 
patient's course and by review of the patient's 
chart. Serum sampies obtained during the acute 
and convalescent phases were tested for anti
bodies against a variety of pathogens. Blood cul
tures were taken when clinieally indieated and 
were processed for bacteria and fungi. 

Results 

103 fiberoptie bronchoscopies in 90 episodes 
of newly diagnosed pulmonary infiltrates 
were performed in 90 immunocompromised 
patients with fever above 38.4 °c. 59 patients 
had acute leukemias, 31 had other hematologieal 
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malignancies. The study population comprised 
52 males and 38 females, ranging from 16 to 83 
years of age. 82 patients had received cytostatic 
treatment and 66 patients had consecutively 
developed severe neutropenia « 500 neutro
phils/mm3). The median interval between begin
ning of fever (> 38.4°C) and/or detection of 
pulmonary infiltrates and bronchoscopy was 14 
days (range 2 to 35 days). Before bronchoscopy 
a11 patients with acute leukemias and 27 of 31 
patients with other hematological malignancies 
were already receiving broad spectrum antibac
terial agents, and 31 were also receiving 
Amphotericin Band 5 Fluorocytosine. 

The microbiological findings in bronchoscopic 
specimens are shown in Table 1. In BAL, bronchi
cal secretions and/or protected specimen brush 
226 organisms (on the average two different 
organismslbronchoscopy) could be identified. 
Gram-positive bacteria, especially Koagulase
negative staphylococci and Candida species were 
cultured in BAL, bronchial secretions and/or pro
tected specimen brush most often. 

Altogether, the diagnostic yield of non-biop
tic bronchoscopic techniques in detecting infec
tious episodes in patients with hematologic 
malignancies was 66 %. Sensitivity and specifici
ty differed between lavage fluid, bronchial secre
tions, and protected specimen brush, and 
especially between the organisms themselves. 
The sensitivity of BAL in detecting different 
organisms is demonstrated in Figure 1. The sen
sitivity was 100 % for Pneumocystis carinii and 
herpes virus es and 85 % for gram-positive bacte
ria. Fungi were detected with a sensitivity of 43% 
in BAL and 67 % in bronchial secretions. The 

Gram Posüive Bacteria 

Gram Negative Bacleria 
Legionella 

-E:=E;;= 
Aspergillus 

Table 1. Mierobiologie findings in bronehoseopie 
specimens of 90 patients with aeute leukemias and 
other hematologieal malignancies (n = number of 
bronehoseopies, 13 patients had more than 1 bron
ehoscopyexamination) 

Pneumoeystis earinii 
Aspergillus species 
Candida species 

Herpes viruses 
( undassified) 

Cytomegalovirus 
Herpes simplex virus 

Legionella pneumophila 

Eseheriehia eoli 
Proteus speeies 
Pseudomonas species 
Klebsiella speeies 
Enterobacter species 
Acinetobaeter speeies 

Staphyloeoeeus 
Koagulase positive 

Staphyloeoeeus 
Koagulase negative 

Streptoeoeeus viridans 
Streptoeoeeus 

faeealis/faecium 

Streptoeoeeus pneumoniae 

Acute 
leukemia 
n=67 

2 
8 

26 

7 

15 

1 
2 

39 
16 

8 

Other 
hematological 
malignancies 
n=36 

3 

26 

7 
2 

8 

2 
1 

6 

20 

10 

lowest sensitivity was found in culturing gram
negative rods. In bronchoscopic specimens 
of patients with acute leukemia only 6 of 15 

Specificity in % 

Sensltlvlty in % 

candidal.IiH Pneumocystis carlnii 
Herpes Viruses 

o 10 20 30 40 50 60 70 80 90 100 
% 

Fig. 1. Sensitivity and specifieity of BAL 



gram-negative pneumonias could be identified. 
Legionella pneumophila was cultured only once 
in bronchoscopic speeimens, in the other 
patients Legionella was detected by direct 
immunofluorescence assay. 

Detection of Pneumocystis carinii, Asper
gillus species and gram-negative rods in bron
choscopic speeimens was 100% speeific. 
Speeifieity of detecting herpes viruses was 84%; 
positive culture of Candida speeies in lavage 
fluid and protected brush had a specifieity of 75 
%, however, in bronchial secretions speeificity 
was only 58%. The cultural detection of gram
positive bacteria had the lowest speeifieity rang
ing from 40 to 54% between the three types of 
bronchoscopie speeimens. 

Discussion 

The expanding number of patients susceptible 
to opportunistie organisms has increased the 
need for rapid diagnosis of pulmonary infection. 
Bioptic techniques such as transbronchial biop
sies or perthoracal needle aspiration often can
not be performed because of coagulopathies in 
this patient population. Lung biopsy - still the 
gold standard in the differential diagnosis - was 
of litde help in directing medieal therapy or 
influeneing clinical outcome (McCabe et al. 85, 
Potter et al. 85). 

In recent years BAL has emerged as a 
valuable technique to obtain pulmonary speei
mens for cytologie and mierobiologic analysis 
(Broaddus et al. 85, von Eiff et al. 90, Golden 
et al. 86, Martin et al. 87, Pisani et al. 92, Saito 
et al. 88, Stover et al. 84). 

Until now little is known about the value of 
BAL in determining the causative agent of pul
monary infiltrates in patients with acute 
leukemia or other hematological malignaneies. 
Hematologieal malignancies were the most com
mon underlying diseases in the study of Stover 
et al. (1984) and BAL had an overall diagnostic 
yield of 66% (61 of 92 diseases). Saito et al. 
(1988) retrospectively evaluated the diagnostic 
yield of BAL in 22 adults with acute leukemia 
and compared the results with those at autopsy 
performed within 3 weeks of BAL. The diagnos
tie yield of BAL was only 15% (3 of 20 speeific 
diseases); all three were Candida pneumonia. 

In our study diagnostie yield of non-bioptic 
bronchoscopie techniques in detecting infectious 

pulmonay infiltrates was 66%. As expected BAL 
was most effective in the diagnosis of Pneumo
cystis carinii and Cytomegalovirus pneumonia, 
however, sensitivity and specificity of BAL, 
bronchial washing and protected brush in 
detecting fungal or bacterial pneumonia was low. 

Candida species often were cultured in bron
choscopie specimens, but in retrospective analy
sis often were regarded as colonizers and not as 
etiologie agents of pneumonia. 

Staphylococcus epidermidis could be cul
tured in 38 to 49% and in 33 to 42% ofbroncho
scopie specimens of patients with acute 
leukemias, and other hematologieal malignan
eies, respectively. The high number of positive 
cultures of Staphylococcus epidermidis, espe
cially in patients with acute leukemia, may be 
explained by the intensive cytostatie treatment 
and secondary destroyment of mucosal barriers. 
However, in retrospective analysis this bacteria 
was also seldomly regarded as the etiologic 
agent of pneumonia because other more likely 
pathogens were identified. 

Legionella infections could be diagnosed with 
high sensitivity and specificity by monoclonal 
antibody. Other gram-negative bacteria were 
rarely cultured in bronchoscopic specimens, 
particularly in patients with acute leukemia. All 
patients with acute leukemia had received broad 
spectrum antibacterial agents before BAL. The 
low sensitivity was most likely caused by the 
correct empiricaI treatment with antibacterial 
agents. 

In conclusion, because of its availability and 
safety, non-bioptic bronchoscopic techniques 
remain an important procedure for the evalua
tion of pulmonary infiltrates in patients with 
hematologieal malignancies. BAL was most 
effective in the diagnosis of Pneumocystis 
carinii and herpes virus pneumonia, but sensi
tivity and specificity of BAL, bronchial washing 
and protected brush in diagnosing bacterial 
and/or fungal pneumonia was low. Because of 
the high incidence of pneumonias caused by 
fungi and/or gram-negative bacteria in this 
patient population empirieal therapy with broad 
spectrum antibioties and antimycoties is ur 
gendy indicated when fever and new pulmonary 
infiltrates are detected. In the course of pneu
monia, bronchoscopy should be performed as 
early as possible to identify organisms which are 
usually not covered by empirie antimierobial 
treatment such as Pneumocystis carinii, Cyto
megalovirus or Legionella. 
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New Aspects in the Treatment of Chronic Lymphocytic Leukemia 

J. L. Binet and the French Cooperative Group on Cll 

Abstract. For new aspects in the treatment of 
chronic lymphocytic leukemia are discussed: 
rationale for selection of patients for treatment, 
results of new drugs, auto and allogeneic bone 
marrow transplantation and response criteria to 
treatment. 

Introduction 

We analyse he re for new aspects in the treat
ment of chronic lymphocytic leukemia (C.L.L): 
rationale for selection of patients for treatment, 
new drugs, auto and allogeneic bone marrow 
transplantation (B.M.T.) and response criteria 
to treatment. 

Rationale for Selection of Patients 
for Treatment 

In the last decades, the first advance in the treat
ment of chronic lymphocytic leukemia (C.L.L.) 
was the advent of clinical staging systems (Rais 
classification 0, I, 11, III, IV and international 
workshop classification A, B, C) which allowed 
to identify patients with different risks and to 
plan therapy accordingly. Results of trial based 
on these staging system have demonstrated that 
treatment, in early stage c.L.L. patients (Rai 0 
and Astage), is of no benefit and may even be 
harmful. By contrast, there is general agreement 
that patients belonging to advances stages (B, C 
or III, IV and same land 11 of Rai classification) 
of the disease should be treated. 

NewDrugs 

More than 5000 c.L.L. have received Fludarabine 
monophosphate IV. M.]. Keating and his co
investigators confirmed the first results of M.D. 
Grever and reviewed the largest clinical, non 
randomized experience developed at the M.D. 
Anderson Cancer Center. Remissions occured in 
54 out of 101 (12% of complete remissions, 24% 
of nodular complete remissions and 19% of par
tial remissions). One third of patients were resis
tant to treatment. Clinical stages were strongly 
predictive for reponse to treatment. In untreated 
patients, 83% of the patients achieved a complete 
or partial remission. M. Keating has proved cor
relation between overall survival or time to pro
gression and complete or partial remission. 

In 1990, the French cooperative group on 
c.L.L. started a randomised clinical trial (C.L.L.-
90) in which 262 patients, previously untreated 
in stage Band C were allocated to receive flu
darabine (25 mg/rn' Lv., daily for 5 days) or CAP 
regimen -consisting of cyclophosphamide 750 
mg/rn' Lv. day 1, doxorubicin 50 mg/rn' Lv. day 1 
and prednisone 40 mg/rn' orallyon days 1 to 5 -
or to the CHOP regimen, consisting of intra
venous vincristin 1 mg/rn' and doxorubicin 25 
mg/rn' on day 1, plus cyclosphosphamide 300 
mg/rn' and prednisone 40 mg/rn' given orallyon 
days 1 to 5. The first six courses of treatment 
were given at monthly intervals and the last six 
at 3-month intervals. In case of disease progres
sion within the first three months after random
ization, initial treatment was carried on, but 
thereafter choice of treatment could be made 
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according to the following rule. At 3-month, 
patients allocated to CAP or FDB who were con
sidered as treatment failure (see below) were 
switched to FDB or CAP, respectively. At the 
sixth month, patients exhibiting disease pro
gression were administered FDB, except in ca se 
of previous failure; doxorubicin dose reduction 
of 50% was made whenever remission was 
observed. Finally, all responders (see below) 
who were administered FDB at the sixth month 
were discontinuation of FDB. In an early study, 
we proved a more efficiency of fludarabine in 
stage B than in stage C. 

In stage B, at the sixth month follow-up 
examination, remission status ("clinical and 
hematological remission", partial remission, sta
bilisation and progression), assessed in 158 
patients, differed between the three treatment 
groups [p = 0.05, 6 degrees of freedom (df) chi 
square test]. "Clinical and hematological remis
sion" was observed for 9 (19%) patients in the 
FDB group as opposed to 4 (7%) in the CAP 
group and 5 (10%) in the CHOP group (table 11). 
Moreover, stage at the sixth month differed 
between the treatment groups (p = 0.02, 6 df chi 
square test), with 40 (83%) out of the 48 FDB 
patients in stage A or in remission, as compared 
to 31 (54%) in the CAP group and 29 (58%) in 
the CHOP group. 

In stage C, remission status at the sixth month 
was not different between the three groups 
(p = 0.14, 6 df chi square test), though slight 
improvement could be observed in the CAP 
group, with 84% patients exhibiting remission 
(complete or partial) as compared to 64% in the 
FDB group and 63% in the CHOP group (table 
II). In terms of staging at the sixth month follow
up examination, no difference were longer 
observed between the three groups (p = 0.92, 6 
df chi square test), with 55% of CAP patients in 
stage A or in remission, as compared to 50% in 
the FDB group and 43% in the CHOP group. 

Auto and Allogeneic Bone Marrow 
Transplantation 

Arecent study from the European group for 
Bone Marrow Transplantation (B.M.T.) report
ed 20 patients with advanced disease who 
received allogeneic B.M. T. Ten patients were 
alive in complete remission with a mean follow
up of 30 months. S.N. Rabinowe undertook a 

570 

non randomised study of autologous and allo
geneic bone marrow transplantation in 20 
patients, 8 allogeneic, 12 autologous with a mini
mal disease state, 13 patients have been staged 
for remission status (12 in clinical remission). I. 
Khouri treated patients with advanced stage 
BCLL who relapsed after fludarabine. 

We report 2 cases of International Work
shop'stage B c.L.L. with bulky nodal tumor, 
refractory to conventional therapy and to 
Fludarabine, who finally responded to a poly
chemotherapy associating Etoposide, Cyta
rabine, Cisplatin and Methyl-Prednisolone 
(ESAP). The bone marrow was harvested after 3 
cycles of ESAP for the first patient and 4 cycles 
for the second one, and purged with anti CD19 
and anti-CD20 moabs plus complement. The 
treatment was then completed with 2 more 
cycles for both patients. Autologous BMT was 
performed after TBI (10 grays), Etoposide 50 
mg/kg. Both patients are now in clinical remis
sion, for the first time, at 6 and 3 months post 
BMT respectively, as assessed by clinical and CT 
scan examinations. 

The problem is tolerance and efficiency of 
these protocol ESAP in bulky nodal forms 
refractory to Adriamycin and Fludarabine: in 9 
patients, 4 deaths by septicemia or hemorragia 
and refractory or in partial response after 1, 2, 5 
and 5 eures, and 3 non response or insufficient 
responses were observed. 

Therefore, we have to better define patients 
and the timing of autobone marrow group in 
refractory c.L.L. 

Response Criteria to Treatment 

With the aim of standardizing the response cri
teria to treatment, the IWCLL and the National 
Cancer Institute (NC!) Sponsored Working 
Group defined complete remission (CR), partial 
remission (PR), stable disease (SD), and pro
gressive disease (PD) [12]. In fact, all of these 
criteria define clinical remission rather than CR, 
which seems very difficult to obtain. Further
more, assessment of CR is difficult to make with 
current therapeutic approaches. More sensitive 
methods are required to detect residual malig
nant ceils. Flow cytometry with the simultane
ous use of CD5 and CD19 markers, k", clonal 
excess, and analysis of gene rearrangement by 
the polymerase chain reaction are under study 
in this setting. 



Although it is effeetive in vitro in C.L.L., 
Interferon-a (IFN-a) [13] has showed a low res
ponse rate in vivo exeept in early stages of the 
disease. Its use onee response has been aehieved 
after ehemotherapy needs to be investigated. 
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Abstract. Fludarabine is a new purine analogue 
which has demonstrated activity in low grade 
lymphoproliferative disorders. InitiaIly, fiudara
bine was noted to have activity against lym
phoma in phase I studies. Subsequently, major 
activity was demonstrated in the treatment of 
patients with previously treated and refractory 
chronic lymphocytic leukemia (CLL). The use of 
fiudarabine (Fludara) in previously treated CLL 
is associated with a response rate of more than 
50% with approximately one-third of patients 
obtaining a complete remission (CR) using NCI 
W orking Group criteria. When Fludara is used 
in previously untreated patients with CLL, the 
response rate is 75-80% with the majority of 
responses being complete remissions. The medi
an time-to-progression of CLL in responders is 
18-27 months in previously treated patients and 
42 months in previously untreated patients. The 
impact of Fludara on survival in these patient 
populations, so far, has not demonstrated in 
comparative trials. Fludara was noted to have 
activity against Waldenstrom's macroglobuline
mia in previously treated patient populations. 
More than half of these patients will respond, 
particularly those with primary refractory dis
ease or disease relapsing off treatment. Refrac
tory relapsed patients who have had multiple 
attempts at therapy have a lower response rate. 
The phase I activity of Fludara against malig
nant lymphoma has been confirmed in sub se
quent studies witlI the activity being noted 
predominantly in low grade lymphomas. Acti
vity is minimal in intermediate and high grade 
lymphoma. Overall approximately 60% of 
patients with previously treated low grade lym
phoma will respond to Fludara with 20% CRs. 

More recently Fludara has been combined with 
mitoxantrone and dexamethasone and is associ
ated with a high CR + PR rate in low grade lym
phomas. Fludara has an expanding role in the 
management of CLL and low grade lymphoma. 

Introduction 

The 5' monophosphate of fiuoro-arabinosyl ade
nine, which is known as Fludarabine, fiudara
bine phosphate, or Fludara IV, is an adenine 
nucleoside analogue. Initially synthesized by 
Montgomery, the molecule was improved from 
arabinosyl adenine by the addition of the fiuo
rine atom to diminish metabolism by adenosine 
deaminase and by the addition of the phosphate 
moiety to the sugar to increase solubility [1]. 
Fludarabine (Fludara) was studied in phase IIII 
clinical trials and myelosuppression was found 
to be dose-limiting [2,3]. Clinically significant 
activity was noted in lymphoid malignancies 
[2,3]. The major subsequent therapeutic trials 
have been conducted in the treatment of chronic 
lymphocytic leukemia (CLL) and low grade lym
phoma (LGL) and major clinical activity has 
been noted in these tumor types. A number of 
activities of Fludara have been noted relevant to 
inhibition of DNA synthesis and inhibition of 
DNA repair as weIl as inhibition of ribonu
cleotide reductase, incorporation into DNA and 
inducing apoptosis [4]. The exact mechanism of 
action, however, has not been established. This 
manuscript describes the activity of Fludara in 
patients with previously treated CLL, previously 
untreated CLL, and low grade lymphoma alone 
or in combination. 
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Chronic Lymphocytic Leukemia 

Grever and colleagues were the first to dem on
strate that Fludara was active in CLL [5]. 
Subsequently, investigators at the M.D. 
Anderson Cancer Center (MDACC) have con
ducted clinieal trials with a variety of schedules 
of Fludara in previously treated patients with 
CLL [6-9]. In the initial studies, 68 patients were 
treated with 39 achieving a CR or PR using NCI 
Working Group criteria [6]. Subsequently, an 
additional 10 patients were treated with Fludara 
on that clinical trial (Table 1). Fifteen percent of 
patients achieved a marrow complete remission 
documented by biopsy and another 23% of the 
patients with a CR, using NCI criteria, had per
sistent interstitial aggregates or nodules in the 
bone marrow. 

The next study utilized the addition of pred
nisone to Fludara in the five-day schedule every 
four weeks [7]. The response rate was almost 
identical to the use of Fludara as a single agent 
in the same dose and schedule and the only 
additional feature noted was an increase in the 
incidence of opportunistie infections with Pne
umocystis carinii pneumonia and Listeria 
monocytogenes in the group treated with a com
bination of Fludara and prednisone. There was 
absolutely no difference in survival of the 
patients treated. Subsequent clinieal trial uti
lized a once-a-week schedule of 30mg/m' weekly 
until maximum response or resistance was 
noted [8]. This schedule had a cumulative dose 
intensity of 80% compared with the five-day 
every four weeks schedule. There was a substan
tial decrease in the response rate with only 24% 
of patients achieving a complete or partial 
response. There was no decrease in the early 
death rate or morbidity associated with this reg
imen and it was discontinued after accrual of 
only 47 patients. 

A subsequent clinical trials has utilized a 
three-day schedule of Fludara 30mg/m'/day for 

three days every four weeks [9]. Eighty patients 
have been entered on this clinical trial and 46% 
of the patients have achieved a complete remis
sion (25%) or partial remission (21%) (Table 1). 
When the survival of these four clinical trials 
have been compared there is no difference in the 
survival of any of the four regimens suggesting a 
biologie predeterminism of survival (Fig. 1). 

The three-day regimen is associated with a 
reduction in incidence of infections to approxi
mately 50% of that noted with the five-day sched
ules (Table 2). The major morbidity associated 
with the use of Fludara in previously treated CLL 
is the development of infectious complieations. 
The majority of the infections are fevers of 
unknown origin, but as noted in Table 2, a num
ber of patients developed major infections which 
are usually pneumonias, either unilateral or bilat
eral. The causative organisms in these pneumo
nias is variable and is often unknown. Apart from 
the use of corticosteroids, there is not a high fre
quency of documented opportunistic infections 
in patients treated with Fludara regimens. 

Fludara has subsequently been administered 
to previously untreated patients with CLL (Table 
3). The initial study reported on 35 previously 
untreated patients and a response rate of 80% 
was obtained with three-quarters of the patients 
achieving a CR using the NCI criteria [10]. The 
speed of response was rapid and an association 
of response with Rai and Binet stage was no ted. 

Subsequently, prednisone has been added to 
the five-day Fludara regimen and as in the pre
viously treated patient population, no difference 
was noted in the response rate or the survival 
(Fig. 2). 

When prednisone was added to the five-day 
schedule, the CR rate was in fact a little lower 
than when Fludara was used as a single agent 
[7]. One-half of the patients who achieved a CR 
by NCI criteria have persistent lymphoid 
nodules whieh occurred in the bone marrow. 
When two parameter ftow cytometry is used to 

Table 1. Results of fludarabine regimens in previously treated CLL 

FLUX5 FLU+P x 5 FLU qlW FLU X3 TOTAL 

Patients 78 169 47 80 374 

CR% 39% 37% 15% 25% 32% 
PR% 19% 15% 9% 21% 16% 
Fail% 33% 35% 66% 45% 41% 
Early 

Death% 9% 12% ll% 9% ll% 
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Table 2. Incidence of infections/fever by fludarabine regimen 
(episodes/lOo courses) 

Infection 

Major 
Minor 
FUO 
Atypical 
Herpes Zoster 

Total 

5 DayFLU 
(437 Courses) 

44(10) 
25(6) 
35(8) 
5(1) 
5(1) 

109(25) 

5 DayFLU+P 
(686 Courses) 

98(11) 
34(4) 
79(9) 
14(2) 
11 (1) 

254(29) 

Table 3. Results of fludarabine regimens in untreated 
CLL 

Flu+ 
Fludarabine Prednisone Total 

Patients 35 120 155 

CR% 74 61 64 
PRO/O 6 18 15 
Fail% 11 20 19 
Early Death% 9 3 

evaluate residual disease or rearrangement of 
the immunoglobulin heavy and light chains is 
performed, persistent abnormalities are noted 
in a substantial number of patients who are said 
to be in CR [11]. 

The major concern with the use of Fludara in 
the management of CLL is a decrease in the T
lymphocyte subsets [12]. Both CD4 and CD8 
lymphocyte counts decrease quite promptly in 
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3 DayFLU 
(451 Courses) 

24(5) 
19(3) 
13 (3) 
2(0.4) 
5(1) 

63(14) 

a11 regimens studied. The median range of lym
phocytes which are obtained in patients treated 
with Fludara with or without corticosteroids is 
of the order to 150 to 200 CD4 lymphocytes per 
microliter [7,9]. 

The starting CD4 and CD8 lymphocytes are 
usua11y in the range of 1000-1500/,.11. When tlIe 
number of episodes of infectional fever per 
patient year-at-risk is analyzed in patients off 
treatment with persistent low CD4 counts, the 
incidence of febrile episodes is low with only 
one febrile episode for every 2.5-3 patient years
at-risk [13]. Thus while the CD4 count is an 
important parameter to be noted, it does not 
appear to be associated with a high incidence of 
opportunistic infections. The incidence of infec
tions is significantly high in patients who have 
received previous treatment and is much more 
common in patients with advanced stage disease 
who start off with low hemoglobin and platelet 
counts and there is an association with the 
extent of prior therapy. In addition, patients 
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who are hypoalbuminemic have a high frequen
cy offevers and infection [6,7]. 

A number of other investigators have evalu
ated Fludara in CLL. Fenchel and Hiddemann 
have both shown response rates of 55% in 11 and 
20 patients respectively [14,15]. In the initial 
study published by Grever et al., 4/20 (20%) of 
patients achieved a CR or PR. Puccio et al. have 
published a study of 51 patients with previously 
treated CLL using a loading dose with a continu
ous infusion schedule [16]. Forty-two patients 
were evaluable for response. The criteria for CR 
were unusually rigorous requiring normaliza
tion of bone marrow aspirate and biopsies as 
weH as a conventional criteria and disappear
ance of all cells that expressed leU-1 (CD5). 
Correction of hypogammaglobulinemia was also 
required. Fifty-two percent of the 42 evaluable 
patients achieved a PR. Improvement in Rai 
stage was noted in 13/22 responders. As in the 
MDACC patients, myelosuppression was the 
most prominent and toxicity, with 40 episodes 
of infections, 10 of which were fatal. Two 
mycobacterial infections were seen along with 
five fungal infections. Only one episode of 
Pneumocystis carinii pneumonia was noted. 

Waldenstrom's Macroglobulinemia 

Waldenstrom's macroglobulinemia is a low 
grade lymphoid lymphoma with plasmacytoid 
lymphocytes which produce a monoclonal 
immunoglobulin. Traditional therapy has been 
with alkylating agents and very little informa-

78 104 130 156 182 208 234 260 
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tion has been published on salvage therapy. 
Dimopoulos et al. initially reported on the use of 
Fludara in 11 patients with Waldenstrom's 
macroglobulinemia (WM) with a 40% response 
rate in previously treated patients [17]. This 
study has been increased to 28 patients [18]. 
Two patients were previously untreated and 26 
previously treated. Fourteen patients were con
sidered to be primary refractory, 12 were relaps
ing receiving salvage therapy. Fludara was given 
at a dose of 20-30mg/m' daily for five days in 20 
patients and 30 mg/rn' daily for three days in 8 
patients. The response required a sustained 
decrease of at least 50% in monoclonal IgM syn
thesis for at least two months with a reduction 
of more than 5°% of tumor infiltrates in liver, 
spleen, lymph nodes, or bone marrow. Ten of 
the 28 patients achieved a CR or PR. Seven 
patients had greater than a 75% cytoreduction. 
The response rate was higher in the five-day reg
imen (45%) versus 25% for the three-day sched
ule. The responses have been sustained with a 
median duration of response of 38 months. The 
median survival was 32 months. Both of the pre
viously untreated patients responded with 6/14 
of the primary refractory patients and 2/12 for 
refractory relapse patients. 

Fludarabine in LGL 

The initial phase I studies noted activity of 
Fludara in patients with lymphoma [19]. In 26 
patients with NHL, who received Fludara 
20mg/m' followed by continuous infusion of 
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30mg/m2 for 48 ho urs, one-third of the patients 
responded. Subsequently, Redman et al. has 
used a dose of 25mg/m2 for five days every four 
weeks on 67 evaluable patients with lymphoma 
[20]. All patients were previously treated with 
chemotherapy and over 40% had been treated 
with radiation. Twenty-eight (36%) and 37% of 
the 76 patients responded. No responses were 
noted in diffuse small cleaved cell lymphoma, 
diffuse large celllymphoma, diffuse lymphoblas
tic lymphoma, or diffuse unclassified lymphoma. 
The response rate was 4/12 (33%) for diffuse 
small lymphocytic lymphoma (DSLL) and 13/21 
(62%) for the most common low grade lym
phoma namely follicular small cleaved celllym
phoma (FSCCL). Impressively, 4/5 follicular 
mixed cell and both the follicular large celllym
phoma patients responded. Thus, activity of 
Fludara was strikingly associated with the low 
grade lymphomas. Myelosuppression was noted 
to be the major toxicity and seven patients had 
treatment discontinued because of prolonged 
myelosuppression after a median of five courses. 
While there was no evidence of cumulative gran
ulocytopenia, cumulative thrombocytopenia was 
no ted. Episodes of infection or fever occurred in 
more than half of the patients. The most com
mon infections were gram-positive coccal infec
tions although one-third of the infections were 
noted to be associated with gram-negative orga
nisms. As opposed to the CLL patients, most of 
these patients had indwelling central catheters. 
Five patients were found to have fungal infec
tions with Candida spp being noted in three, 
aspergillus in one, and torulopsis glabraba in 
one. Two patients had Pneumocystis carinii 
pneumonia, one cytomegalovirus, and one a der
matomal herpes zoster. Subsequently, Hochster 
from the Eastern Co operative Oncology Group 
has treated 62 evaluable patients with Fludara 
18mg/m2 for five days [21]. Cycles were repeated 
every four weeks. All but one of the patients had 
been previously treated. The median number of 
prior treatment regimens was two. More than 
half the patients [35] had intermediate to high 
grade histology with low grade histology being 
noted in 27 patients. The overall response rate 
was 30%. Hochster confirmed the association of 
response in low grade lymphomas and the disap
pointing response in intermediate and high 
grade histologies. Myelosuppression was no ted 
in that study to be the major morbidity. 
Subsequently, both Whelan and Zinzani have 
published the results of their clinical trials in 25 
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and 21 patients [22,23]. The response rates were 
above 60% in both studies for previously treated 
patients and 75% for the previously untreated 
patients [6/8] in Zinzani's study. Thus, Fludara 
has been noted to have substantial activity in low 
grade lymphoma in a broad range of phase land 
phase II studies. 

Combination Studies 

Phase I studies of Fludara have been conducted 
with Fludara combined with mitoxantrone and 
dexamethasone (FMD) in low grade lymphoma 
(the phase I studies found a response rate of 
15/21 with the combination FMD) [24]. 
Recommended dose for phase II studies is 
Fludara 25mg/m2/day for three days, mitox
antrone lOmg/m2 on day one and dexa 
methasone 20mg per day on days 1-5 [25]. 
Cycles are repeated every four weeks. Twenty
eight patients are evaluable. Thirty-two percent 
achieved a CR and 50% a PR with 89% overall 
response rate. These studies are continuing and 
have now been inserted as a comparative arm in 
frontline treatment of low grade lymphoma. The 
major toxicity which was noted in this study was 
Pneumocystis carinii pneumonia which may be 
associated with a concomitant use of corticos
teroids with the purine analogue. 

Future Studies in CLL and LGL 

The marked diversity of interactions of Fludara 
with DNA damaging drugs and radiation gives 
rise to a number of future possibilities [4]. 
Fludarabine enhances the formation of ara-C 
triphosphate in AML and CLL cells and the 
combination of Fludara/ara-C has activity in 
refractory patients [26,27]. Fludara also inhibits 
the repair of DNA damage associated with cis
platinum and a combination of Fludara, ara-C, 
and cisplatinum has been used in refractory CLL 
and low grade lymphoma with promising early 
results [28,29]. The radiation sensitization 
potential of Fludara should also be considered 
in the management of lymphoma with radiation 
[30]. Fludara is the most active single agent in 
the treatment of CLL and one of the most active 
single agents noted in low grade lymphoma. 
Increasing use of this drug should take into con
sideration its myelosuppressive and immuno
suppressive potential. 
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Response to Fludarabine in Patients with Low Grade Lymphoma 
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Abstract. Eighty-eight adults with low grade lym
phoma were treated with Fludarabine phosphate 
at a dose of 25 mg/m' intravenously, daily for 
live days, every three to four weeks. The res
ponse rate was 44% for those who had reeeived 
prior treatment and 69% for those who had not. 
The major toxicity was myelosuppression, neu
tropenia « 1.0 x 109/1) oeeurring in 55% of pre
viously treated and 31% of previously untreated 
patients respeetively. Further studies will deter
mine the precise role of Fludarabine in the ther
apy oflow grade lymphoma. 

Introduction 

The clinical course of the low grade lymphomas 
particularly follieular lymphoma is eharaeterised 
by repeated regression of lymphadenopathy fol
lowing relatively innoeuous ehemotherapy. The 
regressions are usually ineomplete [1-3) and the 
median survival is between 5 and 10 years, death 
almost always oecurring as a result of the disease 
[1,2,4,5). It is therefore heartening that a new 
dass of eompounds, the purine analogues is 
showing promise [ 6-10 ). The results below 
refleet the experienee gained at St. Bartho
lomew's Hospital in a eollaborative trial [n) and 
a single eentre phase 11 study (12). 

Patients and Methods 

Patients. Fifty live men and thirty three women, 
aged 20-82 years eommeneed therapy with 

'ICRF Dept of Medical Oncology 

Fludarabine. Thirty nine had 'refraetory' and 
twelve had 'reeurrent' (but possibly still respon
sive to alkylating agent) disease. All of them had 
reeeived Chlorambucil at least onee, and the 
majority had reeeived an Adriamyein-eontain
ing regimen. Twenty one patients were treated 
with Fludarabine after having been indueed into 
a partial remission with eonventional treatment, 
in the hope that eomplete remission might be 
aehieved prior to myelo-ablative therapy sup
ported by autologous bone marrow transplanta
tion. Sixteen patients had reeeived no previous 
treatment (Table 1). 

Therapy. Fludarabine was given daily for 5 days, 
intravenously, at a dose of 25 mg/m' over 10 
minutes, having been reconstituted in 10 ml of 
sterile water. This was repeated every three 
weeks if possible or as dietated by the dinical 
eondition of the patient and the peripheral 

Table 1. Clinical characteristics (n:88) 

Gender M:F 
Median age (range) 

Histology (Kiel classification) 
- smaillymphocytic (SLL) 
- lymphoplasmacytoid (LPC) 
- centroblastic/centrocytic 

follicular (FL-CB/CC) 
- centroblasticlcentrocytic 

difuse (DF-CB/CC) 
- peripheral T -cell (Per-T) 
- T-zone 
- low grade unclassified 

55:33 
48(20-82 yrs) 

1 

38 

29 

2 

3 
10 

'Department of Histopathology - SI. Bartholomew's Hospital 
'Department ofHaematology - St. Bartholomew's Hospital 



blood count. The intention was to give two fur
ther cycles of therapy after 'maximum response' 
had been achieved. In practice, therapy was 
delayed because of cytopenia in 17 patients, with 
dose reduction in two, because of profound 
myelosuppression. 

Definition. Complete remission was documented 
when the patient was in normal health, with 
neither clinical, radiological (computed axial 
tomography) or morphological (bone marrow) 
evidence of disease. 

Partial remission was defined as having been 
achieved when there was a greater than 50% 
reduction in the estimated bulk of tumour in 
lymph no des on bone marrow. Lesser responses 
were considered failure. 

Results 

Response to therapy. Complete [4] and partial [16] 
remiSSIOns were documented in 20/45 (44%) 
evaluable 'previously treated patients', there 
being the same outcome regardless of whether 
the treatment was given in the recurrent or 
refractory situation. There were twenty patients 
in whom therapy failed and five treatment relat
ed deaths. 

There was an improvement in the degree of 
response in 9/20 (CR2, PR7) of the patients 
treated with the intention of proceeding to more 
intensive therapy. 

The response rate was highest in patients who 
had received no prior therapy, being 11/16 with 
six complete remissions (Table 2). 

Toxicity. The treatment was generally well tolerat
ed although two patients complained oflethargy 
and one of visual disturbance. There were five 
potentially treatment related deaths. All oc
curred in patients who had been previously 

treated and none were showing evidence of 
responsiveness to Fludarabine. 

The neutrophil count fell below 1.0 x 109/l in 
55% of previously treated and 31% of previously 
untreated patients. Thrombocytopenia was 
much less common. Infection, including three 
cases of herpes zoster was documented in 24/49 
(49%) of previously treated patients with more 
than half of them requiring admission to hospi
tal. Five (31%) of the newly diagnosed patients 
were admitted because of infection. 

Discussion 

These results confirm the unequivocal activity of 
Fludarabine against low grade B celllymphoma. 
The response rate, exceeding 50% is similar to 
that achieved with either single agent or combi
nation chemotherapy in patients with recurrent 
or progressive disease. 

The toxicity incurred was 'acceptable' al
though there is undoubtedly areal risk of infec
tion, probably related to T Cell dysfunction 
since it may occur when the total peripheral 
white blood count is normal. In addition, in a 
subsequent group of patients potential neuro
logical toxicity has been recorded (Johnson per
sonal communication), although it must be 
emphasised that a causative role for Fludarabine 
has not been demonstrated. 

The critical issue now is how best may Fluda
rabine be incorporated into the management of 
patients with follicular lymphoma in 1994. 
Clinical trials are being conducted to determine 
how it compares with conventional combination 
chemotherapy in those with newly diagnosed 
disease. These will provide valuable information 
about whether long term freedom from recur
rence occurs following Fludabarine alone, in 
addition to how it compares with 'CVP'. Increa
singly it is being used as a second line choice. 

Table 2. Response rate according to histology [CR + PR] 

FL- DF- L-GI 
Patients 5LL LPC CB/CC CB/CC PER-T unclass T-zone Total (%) 

Previously 
treated 1/1 10/29 SIll 1/2 0/1 3/8 

Partial remission 
(Pre-ABMT) 3/3 6/15 0/1 0/1 

Previously 
untreated 6/101 - 1/1 
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The next deeade will reveal the role of 
Fludarabine in the treatment of follieular lym
phoma. Whether this is as a single agent or in 
eombination or sequenee with other drugs, as 
part of palliative or eurative therapy, it is a wel
come weapon in the therapeutic armamen
tarium. 
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Abstract. Fludarabine Phosphate is an active 
agent in the treatment of patients with low
grade Non-Hodgkin's-Lymphoma. This phase II 
study was initiated to evaluate the antilym
phoma activity and toxicity of a combination 
therapy of Fludarabine with Mitoxantrone and 
Dexamethasone (FMD) in the treatment of 
patients with relapsed or refractory low-grade 
Non-Hodgkin's-Lymphoma. Up to now, 36 
patients from 8 participating centers have been 
treated with FMD and achieved an over all 
response rate of 56% with 2 (9%) complete and 
11 (47%) partial remissions. All patients were 
heavily pretreated and had received 2-5 pre
ceeding regimen (median 2). Histologie sub
types included 13 centroblastic-centrocytic NHL, 
9 centrocytic NHL, 12 lymphoplasmocytoid 
immunocytoma, one T -chronic lymphocytic 
leukemia and one monocytoid B-celllymphoma, 
respectively. Treatment associated toxicity was 
moderate with myelosuppression comprising 
the major side effect. In contrast to other inves
tigators we did not see an increased risk of 
infections. Non hematologic toxicity was mild. 

Introduction 

As we know about the natural history and clini
cal outcome of chronic lyrnphocytic leukemia 
(CLL) and indolent Non-Hodgkin's-Lymphoma 
(NHL), these diseases follow a continous remit
ting course and are in general considered to be 
incurable. Most patients respond to initial thera
py but induction of complete remission has 

shown not to be associated with a prolongation 
of survival. The overall-survival of patients with 
low-grade Non-Hodgkin-Iymphoma is 6-10 
years and no plateau in the survival curve is 
achieved either with single agent or combination 
chemotherapy [1-3]. If patients become sympto
matic with progressive bone marrow infiltration, 
lymphadenopathy or organ infiltration, pallia
tive treatment regimen containing alkylating 
agents, Chlorambucil and Cyclophosphamide 
alone or in combination with corticosteroids are 
applied. These agents are able to achieve 
responses in 60-75% of patients with 10-20% 
achieving a complete remission [4,5] but all 
eventually relapse and succumb to progressive 
disease. The failure to eure low-grade NHL has 
lead to a variety of therapeutic approaches but 
there has no standard therapy been identified. 
Therefore current treatment protocols range 
from a watch and wait approach to intensive 
multidrug regimen and even new approaches 
with myeloablative chemotherapy in selected 
patient subgroups are under investigation [6-9]. 

With the development of the structurally 
related purine analogs Fludarabine Phosphate, 
2-Deoxycoformycine and 2-Chlordeoxyadeno
sine new perspectives in the therapy of low
grade lymphoid malignancies were provided. 
While 2-Deoxycoformycine and 2-Chlorodeoxy
adenosine are mainly effective in the treatment 
of hairy cell leukemia [10-12], Fludarabine 
has shown to be effective in the treatment of 
chronic lymphocytic leukemia (CLL) [13-17] and 
low-grade NHL, predominantIy of the follicular 
subtype [18-25]. A number of phase I and II 

Department of Hematology and Oncology, University of Göttingen, Göttingen, Germany, for the German 
Low-Grade Non-Hodgkin's-Lymphoma Study Group 



studies have shown a significant activity of 
Fludarabine in the treatment chronic lympho
cytic leukemia (CLL) and relapsed or refractory 
low-grade NHL [8-11]. In five different studies 
for the treatment of patients with relapsed or 
refractory low-grade NHL with a Fludarabine 
monotherapy response rates ranging from 
31-38% were seen with complete rem iss ions in 
4-18% and partial remissions in 15-30% of the 
cases (Table 1). 

The ability of Fludarabine to inhibit DNA 
repair makes it a potent partner for other 
chemotherapeutic agents. It has shown to 
enhance the crosslinking of Cisplatinum in 
LoVo ceH lines and seems to neutralize 
Cisplatinum resistence [26-28]. Mitoxantrone, 
an anthracenedione, has shown significant 
activity in a broad spectrum of lymphomas par
ticularly in low-grade NHL, inducing response 
rates of 95% in primarily untreated patients and 
30-67 % in patients with relapsed NHL [29,30]. 
The mechanism of action of Mitoxantrone is 
induction of DNA strand-breaks, whereas Flu
darabine is supposed to inhibit DNA repair by 
interference with some key enzymes in DNA 
synthesis. At high concentrations F-Ara-A has 
additional inhibitory effects on RNA and pro
tein synthesis [31,32]. Basis of a combination 
therapy of Fludarabine and Mitoxantrone is the 
assumption, that effects of both substances on 
DNA damage may act synergistically. 

There is only very limited experience with 
Fludarabine in combination with other myelo
suppressive agents. The experimental data of 
synergistie effects of Fludarabine and Mito
xantrone were basis of a phase I study of a com
bination therapy conducted by McLaughlin 
et al. (1992) in 18 relapsed NHL patients whieh 
was primarily directed towards defining the 
optimal drug dosage and schedule [33]. 

Evaluating five escalation steps a combination of 
Fludarabine 25 mg/m'/d day 1-3, Mitoxantrone 
10 mg/m'/d day 1 and Dexamethasone 20 mg/rn' 
day 1-5 was found tolerable. The response rate 
of 72% was significantly higher than comparable 
results of a Fludarabine monotherapy. 

On the basis of these results the German 
Cooperative NHL Study Group initiated a phase 
11 study for the treatment of relapsed low-grade 
NHL to investigate the antilymphoma activity 
and toxicity of Fludarabine in combination with 
Mitoxantrone and Dexamethasone (FMD) in the 
treatment of patients with relapsed or refractory 
low grade NHL. 

Patients and Methods 

Patient population. Patients were primarily recruit
ed from the multicenter trial of the German 
Cooperative NHL Study Group with a random
ized comparison of two different induction regi
men (COP versus PmM) foHowed by Interferone 
alpha maintenance or observation only [34]. 
Criteria for the evaluation of FMD were the rate 
of complete and partial remission and the dura
tion of a subsequent event free interval as weil as 
the incidence and severity of treatment related 
side effects. 

We included patients with recurrent or 
refractory NHL who had progressive or bulky 
disease and required therapy as defined by the 
presence of B-symptoms and/or signs of impair
ment of the hematopoetie system. The foHowing 
histologie subtypes have presently been included 
into the study: 13 centroblastic-centrocytic NHL, 
9 centrocytie NHL, 12 lymphoplasmocytoid 
immunocytoma, one T-chronie lymphocytie leu
kemia and one monocytoid B-celllymphoma. 

Table 1. Results of Fludarabine monotherapy in the literature 

Clinical response (%) 
No.of Regimen 

Reference Patients mg/m'/d eR PR total 

Hochster al.(1992)" 60 18 9(15) 9(15) 18 (30) 
Leibyet al.(1987)19 25 20+30X 1(4) *8) 8(32) 
Redman et al.(1992)'" 60 20-30 5(8) 18(30 ) 23 (38) 
Whelan et al.(1991)" 34 25 6(18) 7(20) 13(38) 
Hiddemann et al.(1993)'3 38 25 5(13) 7(18) 12(31) 
Pigaditou et al. (1994)'4 45 25 4(9) 16(36) 20(44) 
Zinzani et al.(1993)'8 21 25 3(14) 11(52) 14(67) 
Dumontet et al.(1993)" 50 25 4(8) 26(52) 30(60) 
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All patients were required to have adequate 
marrow function unless caused by lymphoma 
infiltration of the bone marrow with granulocytes 
> 1500/J.1l and platelets > 100.000//.11 liver func
tion (bilirubin< 2.0 mg/dl), renal function (crea
tinine < 1.5 mg/dl) as weH as a sufficient cardiac 
function. Dose reduction was assigned in case of 
treatment associated myelosuppression not relat
ed to bone marrow involvement. 

Patients were excluded from the study if 
there was any possibility of primary potentiaHy 
curative radiotherapy or if they were older than 
75 years. 

Tumor response and toxicity were evaluated 
and graded according to WHO criteria. Com
plete remission (CR) was defined as absence of 
all signs of disease for more than four weeks 
including normalization of peripheral blood 
counts with granulocytes > 1500/mm3, Hb > 12 
g/dl and platelets > 100.000/mm3. Partial re
mission (PR) was defined as more than 50% 
decrease of all measurable lymphoma manifesta
tions for at least 4 weeks and normalization of 
peripheral blood counts. Remission duration 
was committed as the time from documentation 
of remission until relapse. As survival we defined 
the period from first day of therapy until death. 

Treatment plan. Preceding initial therapy, dianos
tie staging procedures including physieal exami
nation, ehest X-ray, abdominal sonography, 
bone marrow aspirate and biopsy and computed 
tomography scan was performed. Repeated 
evaluation of involved sites of disease were done 
after every two cycles. Fludarabine was adminis-

tered at a dose of 25 mg/m'/d by a 30 minute 
infusion on day 1-3 together with Mitoxantrone 
10 mg/m'/d on day 1 as a 30 minute infusion and 
Dexamethasone 20 mg/d on days 1-5 oraHy. 
Cycles were repeated every 28 days for an initial 
series of 4 courses. Further treatment was adapt
ed to response as foHows: Patients achieving a 
complete remission after 4 cycles received 2 fur
ther courses of therapy as consolidation and no 
further treatment subsequently. 

Patients with CR or PR after 6 cycles received 
also 2 further courses of therapy until a maxi
mum of 8 courses, independent whether a CR or 
PR was achieved. Patients with minor response 
or stable disease after 4 cycles were excluded 
from the study as weH as patients with progres
sive NHL at any stage. 

Results 

Until now, 36 patients from 8 participating cen
ters have entered the study and 150 cycles of 
therapy are currently evaluable. Histologie sub
types included 13 centroblastie-centrocytie (CB
CC) NHL, 9 centrocytic (CC) NHL, 12 
lymphoplasmocytoid immunocytoma (LP-IC), 
one T -chronic lymphocytic leukemia and one 
monocytoid B-celllymphoma. 

All patients were heavily pretreated and had 
received 2-5 preceeding regimens (median 2). 
Looking on the temporal course from first diag
nosis until start of therapy with FMD an average 
period of 4 years of disease (range 112-15 years) 
was revealed. (Fig. 1). 

o 12 24 36 49 60 72 84 96 108 120 132 144 156 168 180 

update: 2/94 
monthl 

.CS-CC . cc .LP-IC .other 

Fig. 1. Time between first diagnosis and start of therapy with Fludarabine 



It is apparent that patients with centrocytic 
NHL have a shorter course of disease due to a 
more aggressive behaviour of this lymphoma 
subtype. 

According to the normal age distribution 
observed in patients with low-grade NHL the 
patient population in our study comprised of 
mainly elderly patients with the majority being 
older than 50 years. 

Presently we can evaluate 32 patients who 
have completed at least 2 cycles of therapy. A 
total of 150 courses have been administered so 
far. Of 32 evaluable patients 14 (41%) achieved a 
PR. After 4 cycles 23 patients were evaluable for 
response. 2 (8.7%) achieved a complete (eR) 
and 11(47.8%) achieved a partial remission (PR), 
this is an over all response rate of 56% (Table 2). 
At present evaluation our results are prelimi
nary yet and the response rate of 56% relates to 
the evaluation after 4 courses of therapy because 
the study is still ongoing. 18 patients experi
enced a minimal response or stable disease after 
4 cycles of therapy and 5 patients died during 
treatment. From these 5 deaths there was 1 

patient who died from myocardial infraction 
apparently not associated to lymphoma therapy 
and 4 patients died from infections or progres
sive disease respectively. Presently there seems 
to be no correlation of probability of response 
and the number of prior therapies. In contrast 
to experiences with chronic lymphocytic 
leukemia response to Fludarabine required a 
longer time of treatment and remissions did not 
occur before 3-4 treatment cycles (Table 2). 

Analysis of the side effects shows that acute 
toxicity of FMD was mild. Only a few cases of 
nausea and vomiting occured as we have seen in 
previous studies [23l. The main treatment asso
ciated side effects of FMD consisted in hemato
toxicity. 20-30% of the patients presented with a 
WHO grade 3-4 toxicity (Table 3). Platelets were 

Table 3. Toxicity of the combination Fludarabine, 
Mitoxantrone and Dexamethasone in NHL patients 

Toxicity of Fludarabine, Mitoxantrone and Dexa-
methasone 

n grade 1+2 grade 3+4 

hemoglobin 133 28% 8% 
leukocytes 134 33% 12% 
neutrophils 93 24% 20% 
platelets 136 17% 17% 
bleeding 114 3% 0% 
nausea/vomitting 115 10% 0% 
mucositis 114 4% 4% 
alopecia 116 9% 1% 
infections 118 20% 4% 
cardiac dysfunction 117 3% 5% 
per. neurotoxicity 118 3% 0% 
CNS toxicity 119 7'Jlo 0% 

mainly affected with 20 % of patients having 
grade 3-4 toxicity but only a few moderate 
bleeding complications resulted from that. 
Almost 30 % of the patients experienced a 
severe neutropenia (WHO grade 3-4) which did 
not contribute to a high incidence of grade 3-4 
severe infections, which we observed in only 6 % 
of cases. 

There seems to be no cumulative hematotoxi
city because almost no dose reduction was 
necessary due to therapy induced myelosup
pression. 

Discussion 

The current study clearly demonstrates that 
Fludarabine in combination with Mitoxantrone 
and Dexamethasone (FMD) is effective in the 
treatment of heavily pretreated patients with 
relapsed NHL and has shown an acceptable toxi
city. Our group could show in a previous phase 

Table 2. Preliminary results of Fludarabine, Mitoxantrone and Dexamethasone (FMD) in 
combination therapy 

Fludarabine, Mitoxantrone and Dexamethasone in relapsed low-grade NHL 
n eval. CR PR MR SD PD EX AB 

after course 2: 36 34 0 14 3 9 4 2 2 
0.0 41.2 8.8 26.4 11.8 5·9 5·9 % 

after course 4: 26 23 2 11 2 4 2 0 2 
8·7 47·8 8·7 17.4 8.7 0.0 8.7 % 

after course 6: 19 13 4 0 3 3 
7·7 30.8 7·7 0.0 23.1 23.1 7·7 % 
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Fig.2. Survival curves of patients treated with Fludarabine as single agent and in combination (FMD) 

11 trial for the treatment of relapsed low grade 
NHL [23] that an over all response rate of 31 % is 
achieved with Fludarabine as single agent. These 
results correspond to the response rates found 
in the literature (Table 1). From 44 evaluable 
patients treated with Fludarabine as single agent 
7 patients achieved a PR after 2 cycles of thera
py, none a complete remission. After 4 treat
ment courses we observed 2 patients with a CR 
(6.7 %) and 8 patients (26.7 %) with a PR. 
Although our results for FMD therapy are pre
liminary yet the combination appears to be 
more effective with an overall response rate of 
56 % after 4 cycles of therapy. These data thus 
confirm previous reports of McLaughlin [33] 
who could show remission rates of 72 % in 
relapsed low-grade NHL patients. 

In the treatment of chronic lymphocytic 
leukemia (CLL) with Fludarabine peripheral 
lymphocytosis responded rapidly to therapy fol
lowed by a regression of lymphnode size and 
hepatosplenomegaly [35]. In contrast to experi
ences with chronic lymphocytic leukemia 
response to FMD required a longer phase of 
treatment and remissions did not occur before 
3-4 treatment cycles. 

Analysis of the survival of patients after a 
treatment with Fludarabine as single agent have 
been shown in our previous study and patients 
who achieved a CR or PR after Fludarabine 
treatment have a significant higher probability 
of survival compared to patients with minimal 
or no response [23]. A comparison of the sur
vival curves of all patients in the 2 different 
studies shows that at present evaluation there 
seems to be no advantage in survival for the 
patients treated with FMD compared to 

Fludarabine alone although patients probably 
achieve higher response rates with the combina
tion therapy (Fig. 2). 

But these results are preliminary and a longer 
follow up time is needed to finally judge the 
impact of FMD on remission duration and 
survival. 

Treatment related toxicity was acceptable and 
comprised predominatly myelosuppression. An 
increased risk of infection was not observed 
however different authors report contradictory 
results [35,36]. 

Undoubtfully Fludarabine has immunesup
pressive effects through a depletion of T -cell 
subsets. Different investigators found a decrease 
in the absolute CD4 + and CD8+ counts associ
ated with Fludarabine therapy and an increased 
incidence of opportunistic infections has been 
discussed [36,37]. On the other hand long term 
follow up of patients in remission after single 
agent therapy with Fludarabine revealed no 
increased incidence of opportunistic infections 
despite diminished CD4 + counts [37]. 

Because low-grade malignancies themselves 
can lead to decreased numbers of T -cells, effects 
of Fludarabine on the immune system have to 
be carefully evaluated and long-term observa
tion of these patients is necessary to evaluate the 
impact of Fludarabine on long-term immune 
suppression. 
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Introduction 

The anthracyclines doxorubicin and daunoru
bicin have been a mainstay for the treatment of 
hematologic and solid tumors for approximately 
twenty-five years. While daunorubicin has 
played a major role in the treatment of acute 
myelogenous leukemias (AML), doxorubicin has 
been a key component in the chemotherapy of 
Hodgkin's disease, non-Hodgkin's lymphomas 
(NHL), breast cancer, small cell lung cancer, as 
weil as aseries of other solid tumors. Other than 
myelotoxicity, one of the major dose limiting 
side effects of the anthracyclines is cardiotoxici
ty. Since the mid-1970s, structurally similar com
pounds such as the anthracene-diones, and 
analogues ofboth daunorubicin and doxorubicin 
have been synthesized and a few of these 
compounds have been demonstrated to have im
proved therapeutic index and have been incorpo
rated into primary and salvage therapy regimens 
for leukemias, lymphomas and solid tumors. 
This presentation gives abrief overview on the 
relative merits of the most commonly used new 
anthracyclines, idarubicin and epirubicin, as weil 
as mitoxantrone, an anthracene-dione. 

4-Demethoxydaunorubicin (ldarubicin) 

The daunorubicin analogue idarubicin lacks the 
methoxyl group in position 4 of the aglycone of 
the parent compound. It has been tested exten
sively in experimentalleukemias. Early on in the 

development, several features have indicated 
that idarubicin is an important agent for acute 
leukemias. It was shown from phase I and Ir tri
als that the drug was active over a broad dose 
range without significantly increasing extra
medullary toxicity, especially cardiotoxicity 
(Carella et al, 1990). Remission was induced 
with doses as low as 24 mg/m2 but escalation to 
a total dose of 45 mg/m2 was performed without 
unacceptable non-hematologic toxicity. This rel
atively broad therapeutic index has identified 
idarubicin as an important agent for acute 
leukemia. Efficacy was found both in acute 
myeloid (AML) as weil as acute lymphoblastic 
leukemia (ALL) (Petti and Mandelli, 1989; 
Carella et al, 1990). Subsequently the drug was 
combined with other agents and encouraging 
results for relapsed AML and ALL have been 
developed. Finally three independent random
ized trials have demonstrated the superiority of 
idarubicin over daunorubicin in the treatment 
of AML, both in inducing complete remission 
(CR) rates as weil as in prolonging the CR-dura
tion and survival (Berman et al, 1991; Vogler 
et al, 1989; Wiernik et al, 1992). 

Another special feature of this drug is that it 
can be administered orally, even though few data 
is available on its relative efficacy as compared 
to the intravenous route of administration. Some 
early clinical trials have suggested that the oral 
route of administration might offer some advan
tage for the treatment of myelodysplasias and 
elderly patients with AML (Lowenthal, 1987). 

Few data has been reported on the activity of 
idarubicin in lymphomas, multiple myeloma 
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and in other solid tumors and the role of this 
drug in these diseases has not yet been defined. 

4-Epidoxorubicin (Epirubicin) 

Epirubicin is a semisynthetic analogue of dox
orubicin that differs from the parent molecule in 
an epimerization of the 4-0H group of doxoru
bicin. In advanced breast cancer, monotherapy 
with epirubicin shows an antitumor effect com
parable to that of doxorubicin but better subjec
tive tolerance and less cardiac toxicity (Hayat 
et al, 1989). In randomized trials comparing the 
relative efficacy and toxicity of 5FU, doxorubicin 
and cyclophosphamide (CAF) versus CEF 
(epirubicin instead of doxorubicin), similar 
antitumor activity has been demonstrated as 
regards response rate, duration of response, 
time to progression (TTP) and survival (Hayat 
et al, 1989; Armand et al, 1984). However, 
patients treated with the FEC regimen experi
enced overall better tolerance and cardiac toxic
ity was reduced. Based on these encouraging 
results, the use of weekly doses versus every-4-
week administration (Blomqvist et al, 1993) and 
intensified schedule of epirubicin to 50mg/m2 on 
days 1 and 8 have recently been explored (Focan 
et al, 1993). In the latter study, a significant 
improvement in response rate, response dura
tion and time to progression was observed for 
the epirubicin-intensified group. Except for 
myelotoxicity and stomatitis, which are more 
frequent in the group receiving the double dose 
of epirubicin, no significant difference in other 
extramedullary side effects were observed. 
These studies all indicate that myelotoxicity 
instead of cardiotoxicity is the limiting factor for 
dose escalation with epirubicin. The use of 
hematopoietic growth factors might then offset 
this side effect and facilitate delivery of intensi
fied epirubicin dosage in a safe manner to 
accomplish a maximum tumor reduction in 
breast cancer. 

The experience with epirubicin in other solid 
tumors or malignant lymphomas is less exten
sive than in breast cancer. Arecent report on 
patients wiili diffuse large-cell lymphoma sho
wed that a higher proportion of patients could 
receive 100% of the planned anthracycline dose 
by replacing epirubicin for doxorubicin in an 
8-week short combination regimen P/DOCE 
(consisting of epirubicin, vincristine, cyclopho
sphamide, etoposide and prednisone) for pati-
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ents aged 65 to 85 (O'Reilly et al, 1993). The rate 
of grade 3 and 4 mucositis is 18% in patients who 
received doxorubicin versus 7')10 in those who 
received epirubicin. Overall, the regimen is equal 
in efficacy and similar in toxicity to 3 months of 
chemotherapy administered on a weekly basis 
and, for that matter, similar to the results report
ed in the literature for longer, anthracycline
based chemotherapy treatment. Thus a regimen 
with a very brief course of administration is 
attractive for elderly patients and causes mini
mization of the duration of toxicity. 

Mitoxantrone 

Since its introduction into clinical trials in 1979, 
mitoxantrone, an anthracene-dione, has been 
studied extensively. As a single agent, it has 
demonstrated promising activity in relapsed 
and refractory AML or ALL, Hodgkin's disease 
and NHL, breast cancer as well as other solid 
tumors (Prentice et al, 1985; Coams et al, 1985; 
Ho et al 1990; Neidhart et al, 1983). It seems to 
possess similar activity spectrums as both 
daunorubicin and doxorubicin but with less car
diac toxicity, less subjective side effects as nau
sea and vomitting, and less rate of alopecia. 
Mitoxantrone in combination with high dose or 
standard dose cytarabine, or in combination 
with etoposide has shown significant activity 
against relapsed or primary refractory AML 
(Paciucci et al, 1987; Hiddemann et al, 1987; Ho 
et al, 1988). 

Moreover, these phase land 11 studies pro
vided evidence that there was no absolute cross
resistance between mitoxantrone and the 
anthracyclines. Patients with AML or ALL who 
were refractory to anthracyclines can still 
achieve a CR to mitoxantrone (Hiddemann et al, 
1987; Ho et al, 1988). In the mean time this 
drug plays an important role in the primary 
treatment for leukemia, NHL, and breast cancer. 
Replacement of daunorubicin or doxorubicin in 
standard regimens for AML, ALL or metastatic 
breast cancer with an equivalent dose of 
mitoxantrone has produced similar response 
rates but induced less side effects such as nau
sea/vomiting, stomatitis, alopecia, or cardiac 
toxicity (Arlin et al, 1990; Ho et al, 1990; Haas 
et al, 1994; Bezwoda et al, 1994). Arlin et al 
(1990) compared daunorubicin combined with 
cytarabine versus mitoxantrone 12 mg/m2/d 
substituted for daunorubicin in the regimen for 



3 days and showed that patients treated with 
mitoxantrone were more likely to achieve CR 
with one induction course. Therapy with mitox
antrone also reduced the need for antibiotics 
and transfusions. A greater number of patients 
also failed daunorubicin plus cytarabine due to 
persistent leukemia, thus suggesting that equi
toxie mitoxantrone containing regimens are bet
ter therapy than daunorubicin regimens for 
patients with newly diagnosed AML. 

Similar observations of at least equivalent 
efficacy but significantly better tolerence and 
less toxicity have been reported in randomized 
trials comparing CAF (cydophosphamide, dox
orubiein and 5FU) versus CNF (replacing dox
orubiein with mitoxantrone) in metastatic breast 
cancer (Neidhart et al, 1985; and recently also in 
a randomized trial comparing CHOP versus 
CNOP in malignat NHL (Bezwoda et al, 1994). 

In all dinieal trials, the extrameduIlary toxici
ty profile of mitoxantrone has been favorable 
when compared with the first generation anthra
cydines administered in equivalent myelosup
pressive dose. This observation, in conjunction 
with in vitro studies demonstrating a steep 
dose-response relationship for mitoxantrone in 
human tumor donogenie assays (Grant et al, 
1991), has made mitoxantrone an ideal drug for 
dose intensification. It has recently been report
ed that escalation of mitoxantrone far beyond 
the conventional dose range is possible without 
undue toxicity in acute leukemia. Feldman et al 
(1993) showed that mitoxantrone pharmacoki
neties remained relatively linear with doses of 
up to 80 mg/rn' and that dose ranges between 
40rng to Sorng/rn' cornbined with high-dose 
cytarabine can be administered safely in treat
ment of patients with AML. Dose levels of 
80mg/m2 administered over 15 minutes as a sin
gle intravenous infusion have led to a CR rate of 
85% in untreated and relapsed patients with 
AMLor ALL. 

Future Directions 

As mitoxantrone and the new anthracydines 
idarubicin and epirubicin are associated with 
less cardiotoxieity, less distressful side effects 
such as nausea/vomitting or mucositis, myelo
toxieity has become the major dose limiting tox
icity. This special feature render them ideal 
targets for dose intensification with hematopoi-

etie growth factor support. Recently, we have 
exploited a dose intensified regimen CEF 
(cydophosphamide and 5FU both at 750mg/m" 
and epirubicin at lOomg/m2 ) as induction regi
men for patients with metastatie breast cancer 
and simultaneously as mobilization regimen for 
hematopoietic stern ceIls (Ho et al, 1993). Two to 
three cydes were administered to achieve a 
maximum response and the stern ceIls coIlected 
were used for a mega-dose regimen containing 
mitoxantrone. This pilot study showed very 
encouraging preliminary results in terms of 
safety and efficacy. Further regimens using dou
ble transplants have in the me an time been 
developed to maximize the effects of mitox
antrone, epirubicin and alkylating agents to 
improve the long-term outcome of patients with 
metastatie breast cancer, especiaIly those with 
poor-risk factors. 

Furthermore, mitoxantrone has demonstrat
ed no absolute cross-resistance to the anthracy
dines. The Goldie-Coldman hypo thesis suggests 
that dones of malignant ceIls resistant to indi
vidual cytotoxie agents might be present pri
marily. Treatment with a combination of 
cytotoxic drugs that are non cross-resistant and 
applied sequentiaIly might circumvent the 
growth advantage of such dones. Based on the 
premise that higher remission rates could be 
achieved if alternating regimens with non cross
resistant drugs are administered as soon as no 
adequate response to first line treatment is 
observed, we have initiated a pilot study using 
flexible numbers of courses of idarubicin/ 
cytarabine (IDAC) or mitoxantrone/etoposide 
(NOVE) for the prirnary treatment of AML 
(Haas et al, 1993). Patients were all treated ini
tiaIly with IDAC and those achieving CR or PR 
received a second cyde ofIDAC. Those failing to 
respond to IDAC received NOVE as the second 
course. Patients achieving CR or PR after two 
cydes of IDAC or one cyde each or IDAC and 
NOVE received a sub se quent cyde of NOVE as 
early consolidation therapy. Of 54 patients 
evaluable for response, 46 (85%) achieved a CR, 
32 did so after one course of IDAC, 10 after the 
second cyde of IDAC and 4 further patients 
after treatment with NOVE. This strategy has 
now been modified slightly to switch the prima
ry treatment to NOVE if no CR is achieved with 
the initial attempt with IDAC, and has become a 
coIlaborative multieenter protocol for patients 
with de novo AML. 
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Hematologic and Therapeutic Effects of High-Dose AraC/Mitoxantrone 
(HAM) in the Induction Treatment of Patients with Newly Diagnosed AMt. 
A Trial by AML Cooperative Group 
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Abstract. In a multicenter randomised trial in 
newly diagnosed AML under age 60 double 
induction using TAD-HAM was more effective 
than TAD-TAD by more remissions in slow 
responders (p = .03) and a trend to higher over
all remission and 5 year remission rates. In the 
TAD-HAM arm a progressive delay ofblood cell 
recovery times from course to course suggests 
an impairment of normal and possibly also of 
leukemic stern cells which can explain the 40% 
continuous remissions in unselected patients. 

Introduction 

The combination ofhigh dose AraC with mitox
antrone (HAM) has been introduced into first 
line treatment of AML as an approach to very 
early intensification and as apart of the double 
induction strategy [1]. HAM emerged from 
promissing results with high dose AraC in 
refractory AML [2,3], intensified consolidation 
[4,5] and from recent preliminary data also in 
remission induction [6]. In combination with 
mitoxantrone high dose AraC was first adminis
tered in patients with refractory AML where it 
proved highly effective [7]. Both partner drugs 
of HAM exhibit differential non-hematologic 
toxicities with cerebellar dysfunction being typi
cally observed in some patients after high dose 
AraC [8] and congestive heart failure resulting 
from treatment with mitoxantrone, mainly 
when acumulating with previously applied 
anthracyclines [9,10]. 10 fold overdosage of 
mitoxantrone in 5 patients resulted in 3 severe 

and 1 moderate cardiotoxicities while 2 patients 
died early due to tumor progression (1l,12,one 
own observation). In all 5 patients three of 
whom treated for acute leukemias severe neu
tropenia and thrombocytopenia occurred but 
was reversible after 18-35 days from the over
dosage. 

In the 1986 trial of the AML Cooperative 
Group HAM was used as second induction 
course starting routinelyon day 21 even in 
aplasia with no residual bone marrow blasts 
(double induction), and was randomly com
pared with conventional dose 6-thioguanine/ 
AraC/ daunorubicin (TAD). 

Patients and Methods 

Patients under age 60 with newly diagnosed 
AML were initially randomized to receive dou
ble induction by the sequence of T AD-T AD or 
TAD-HAM before responders received TAD 
consolidation and 3 year maintenance by 
monthly reduced T AD courses as published 
before [13]. HAM was AraC 3 g/m' q 12 h day 1-3 
and mitoxantrone 10 mg/rn' day 3-5. 

Results 

665 patients 16-59 years of age were ran
domised, ente red treatment and were evaluated. 
As hematological effects we compared the 
recovery times of neutrophils and platelets after 
the two induction courses and the consolidation 
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course both sequentially and between the two 
randomised arms. Recovery times after the sec
ond courses (T AD vs HAM) were documented 
by all participating centers whereas data for the 
first courses and consolidations restrict to one 
center (Münster). Results are shown in Figure l. 

Table 1. Response to double induction treatment 

Double 
induction 

Patients 
Complete 

Table 1 shows data of response to induction 
treatment. 

remissions (CR) 
Hypoplastic deaths 

Among the responders 12 (6%) in the TAD
TAD arm and 20 (8%) in the TAD-HAM arm 
died while in remission, most of them in 
hypoplasia after consolidation. The event free 

Persistent leukemia 
CR if daY16 

blasts> 40% 

survival (events are non-achievement of remis-
sion, death or relapse) of all patients shows a 
median of 10 months with 25% continuing event 
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free survival in the TAD-HAM arm vs 9 months 
and 17% in the TAD-TAD arm (p = 0.13)· 

Figure 2 shows remission duration for the 
two double inductions compared. Once ran
domised and entered induction treatment no 
exclusions were done during the further course. 
Patients receiving bone marrow transplantation 
in first remission were censored at the time of 
transplant. 

Discussion 

After high dose AraC/mitoxantrone (HAM) was 
found to induce more than 50% CR in patients 
with refractory AML [7) its introduction into the 
double induction strategy was equally success
ful. When compared with T AD as second induc
tion course HAM exhibits a higher antileukemic 
activity with significantly more remissions in 
patients with > 40% residual blasts in their day 
16 bone marrow and also with a trend to a high
er overall response rate and longer remission 
duration. Since the 40% 5 year remission rate in 
the TAD-HAM arm was obtained in unselected 
patients with no exclusions after achievement of 
remission this eure rate compares favourably to 
all published results. The hematologic effects of 
the two randomised double inductions show a 
prolonged recovery time of neutrophils and 
platelets after HAM even more expressed after 
the subsequent consolidation in this arm. This 
progressive delay of hematopoietic reconstitu-

100 

tion in the TAD-HAM arm not seen in the TAD
TAD arm suggests an impairment of hema
topoiesis at an early progenitor or stern cell 
level. As from the hypoplastic death rates and 
event free survival the hematopoietic impair
ment does not increase the therapeutic risk. The 
progressive delay of blood cell recovery, how
ever, suggests that a compartment of leukemic 
progenitor or stern cells mayaiso be impaired 
more effectively by the TAD-HAM than the 
T AD-TAD sequence thus explaining a positive 
trend in the therapeutic results. 
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Comparison of Front-Une Chemotherapy for Intermediate Grade 
and Follicular Non-Hodgkin's Lymphoma Using the CAP-BOP Regimens 
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Group 

Abstract. The CAP-BOP series of induction regi
mens (cyclophosphamide, doxorubicin, mitox
antrone, procarbazine, bleomycin, vincristine, 
and prednisone) was administered to 389 
patients with advanced aggressive non
Hodgkin's lymphoma as primary therapy. The 
overall complete response rates were not differ
ent between the three regimens: CB-A (64%), 
CB-AI (66%), and CB-M (65%). In addition, the 
3-year failure-free survivals did not differ by 
regimen: CB-A (42%), CB-AI (45%), and CB-M 
(40%). 158 patients with follicular lymphoma 
were treated with the identical regimens during 
the same time period. The complete response 
rates were also similar in the follicular lym
phoma patients with CB-A (71%), CB-AI (67%), 
and CB-M (68%). 

Toxicity was regimen specific with CB-AI 
having a 22% incidence of neurotoxicity, com
pared to 7% for CB-A and 13% for CB-M 
(p = 0.01). Complete alopecia was seen in 100% 
of the patients receiving CB-A or CB-AI, com
pared to 38% of those patients receiving CB-M 
(p < 0.01). Although all three regimens had sim
ilar efficacy in the treatment of aggressive and 
follicular non-Hodgkin's lymphoma, the toxicity 
profiles were regimen dependent. 

Introduction 

The development of combination chemotherapy 
for the treatment of advanced aggressive non
Hodgkin's lymphomas (NHL) has been one of 
the most successful oncologic strategies devel-

oped over the past two decades. The first gener
ation regimens, such as the CHOP regimen 
(cyclophosphamide, doxorubicin, vincristine, 
and prednisone) were first developed in the 
1970'S and were reported to produce a long-term 
disease-free survival of approximately 30% -
35% of patients [1]. Over the ensuing 15-20 
years, additional agents shown to have activity 
against NHL were added to cyclophosphamide 
and doxorubicin to form the second and third 
generation strategies. 

Initial reports of these more dose intensive 
regimens were hopeful, with the complete 
response rates increase up to 60-80% [2-5]. 
However, long-term follow-up of these original 
trials, and the diffusion of the third-generation 
regimens to a more generalized patient popula
tion has demonstrated the lack of a significant 
difference between the major regimens when 
compared to the original CHOP regimen [6]. 

With the realization that many regimens 
could produce the same results when used as 
induction therapy for aggressive NHL, toxicity 
issues and the identification of prognostic fac
tors which could predict for patients with a poor 
outcome have become important issues. This 
article will outline aseries of trials performed 
through the Nebraska Lymphoma Study Group 
evaluating the substitution ofbolus or infusion
al agents and different anthracyclines in an 
attempt to modify the toxicity profile of the 
CAP-BOP regimen. In addition, identification of 
poor pro gnosis patients within these trials will 
allow alternative therapies to be offered when 
appropriate for this patient population. 
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Patients and Methods 

Patients. Patients were ente red at the time of diag
nosis to one of three sequential treatment proto
eols and registered through the Nebraska 
Lymphoma Study Group. Between 9/82 and 1/92, 
389 patients with advaneed aggressive NHL were 
treated on one of these three protoeols. In addi
tion, 158 patients with foHieular lymphoma were 
ente red on the same protoeols. 

The eriteria for inclusion in this analysis were 
a histologie diagnosis of diffuse mixed large and 
smaH eeH NHL, diffuse large eeH NHL, or im m
noblastie NHL in the aggressive eategories or 
follieular mixed eeH, or follieular large eeH NHL 
aeeording to the Working Formulation [7]. The 
patients ranged in age from 15 to 92 years (medi
an 66 years) and were bulky stage I or Ir (mass 
~ 10 em), stage III or IV aeeording to the Ann 
Arbor staging eriteria [8]. 

Staging included physieal examination, blood 
eeH counts, routine blood chemistries, laetie 
dehydrogenase (LDH), eomputed tomography 
(CT) of ehest, abdomen, and pelvis, and bone 
marrow aspirate and biopsy. Other tests such as 
gastrointestinal series, lumb ar puneture with 
spinal fluid examination, magnetie resonanee 
images (MRI), or SPECT gallium seans were 
done if clinieaHy indieated. Restaging was done 
with repeat CT seans of ehest, abdomen and 
pelvis, and repeat of any other previously posi
tive tests after three eycles of therapy. Patients 
were given two eycles of therapy past complete 
remission, or to a maximum of seven eycles of 
therapy. 

Complete remission (CR) was defined as nor
malization of physieal examination, laboratory 
values, and radiologie abnormalities for a mini
mum of 4 weeks. A partial response (PR) was 
defined as ~ 50% reduetion in the bidimension
al sum of the perpendieular area of any abnor
malities for a minimum of 4 weeks. No response 
(NR) was defined as a < 50% reduetion in any 
abnormalities. An early death (ED) was eonsid
ered any death while the patient was still on 
therapy. 

Regimens. Of the patients with aggressive NHL, 
one hundred fifteen patients were treated with 
CB-A (eyclophosphamide, doxorubicin, proear
bazine, bleomycin, vineristine, and prednisone). 
One hundred thirty eight patients reeeived CB
AI (eyclophosphamide, doxorubicin, proear
bazine, infusional bleomycin and vineristine, 
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and dexamethasone). And one hundred thirty 
six patients reeeived CB-M (eyclophosphamide, 
mitoxantrone, proearbazine, bleomycin, vin
eristine, and prednisone). In addition of the fol
lieular lymphoma patients, 28 reeeived CM-A, 43 
CB-AI, and 87 CB-M (Table 1). There was a 1/3 
dose reduetion of the myelosuppressive drugs 
for age ~ 70 years. 

Statistical methods. AH patients started on treat
ment were eonsidered assessable. Survival dura
tion was measured from the beginning of 
treatment to date of death from any eause or last 
foHow-up alive. Failure-free survival (FFS) was 
defined as the time from the beginning of treat
ment to progression, relapse or death from any 
eause. Survival and FFs were plotted aeeording 
to the method of Kaplan and Meier [9]. 
Comparisons of time to event distributions were 
made using the long-rank test [10]. 

Table 1. CAP-BOP Regimens 

CB-A Regimen: Cyclophosphamide 
6so mg/M' Day 1 

Doxorubicin SO mglM' Day 1 

Procarbazine 100 mg/M'/day . 
Days 1-7 

Bleomycin 10 mg/M' 
(max IS mg) Day IS 

Vincristine 1.4 mg/M' 
(max 2.0 mg)Day IS 

Prednisone 100 mg/day Days IS-21 

CB-AI Regimen: Cyclophosphamide 
soo mg/M' Day 1 

Doxorubicin SO mg/M' Day 1 

Procarbazine 100 mg/M'/day 
Days 1-5 

Bleomycin 4 mg/M'/day CI 
Days 1-5 

Vincristine 1.0 mglM'/day 
(max 2.0 mg) Days 1,2 CI 

Dexamethasone 10 mglM'/day 
Days 1-5 

CB-M Regimen: Cyclophosphamide 
6so mg/ M' Day 1 

Mitoxantrone 12 mg/M' Day 1 

Procarbazine 100 mg/M'/day 
Days 1-7 

Bleomycin 10 mglM' 
DaY 15 

Vincristine 1.4 mglM' 
(max 2.0 mg) Day 15 

Prednisone 100 mg/day Days 15-21 

CI = Continuous infusion 
*1/3 dose reduction for age ~ 70 with all regimens 



Results 

Clinical characteristics. The clincal characteristics of 
the patients with aggressive NHL on the three 
protocols are listed in Table 2. The median age 
of the entire patient population was 66 years, 
with 68% of the patients being ~ 60 years of age 
at the time of diagnosis. 

Response to treatment. The overall response rates 
were as follows: CB-A (69%), CB-AI (73%), CB
M (71%). Seventy-four of l1S (64%) patients 
treated with CB-A achieved a complete response 
(CR). This compares to a CR rate of 66% with 
CB-AI, and 6S% with CB-M (p = NS). For the 
patients with follicular lymphoma complete 
response rates included: CB-A (71%), CB-AI 
(67%), and CB-M (68%) (p=NS). 

Survival and failure-free survival. With a median fol
low-up of 7S months (CB-A), 47 months (CB-

AI), and IS months (CB-M), the predicted 3-year 
survivals were so%, S6%, and 47% respectively 
(p = NS). The 3-year failure-free survivals for the 
regimens were 42% (CB-A), 4S% (CB-AI), and 
40% (CB-M) (p=NS). There was no difference 
by treatment regimen with respect to the failure
free survival in patients less than 60 years of age 
(Fig. 1). In addition, the failure-free survival in 
patients treated for follicular NHL was not dif
ferent based on the extent of follicularity. 
Patients ~ age 70 years who received a 1/3 dose 
reduction of the myelosuppressive agents had a 
significantly decreased FFS when compared to 
patients aged 60-70. This was seen in the results 
of all three regimens. 

The 6-year failure-free survival for the 
patients treated for follicular lymphoma were as 
follows: follicular small cleaved (42%), follicular 
mixed cell (48%), and follicular large cell (39%), 
(p=NS) (Fig.2). No differences were seen 
between the patients treated with the different 
CAP-BOP regimens. 

Table 2. Patient Characteristics: Histologies 

Characteristics 

Age (median) 
Male: Female 
Stage IIII 

III/IV 

Histology 
Diffuse Mixed 
Diffuse Large 
Immunoblastic 

LDH>Normal 
Mass?10 cm 

Immunophenotype 
B-ceil 
T -ceil 

Fig. 1. Failure-free survival (age < 60) for 
patients with aggressive NHL treated with 
CB-A, CB-AI, or CB-M 
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Fig.2. Failure-free survival for patients with follicular 
NHL treated with CB-A, CB-AI, or CB-M 

Prognostic index analysis. The International Prog
nostic Index was applied to the prognostic vari
ables identified in this analysis. Since the overall 
age of the patient population treated in the CAP
BOP series was significantly higher than that in 
the International Prognostie Index, a compari
son of only those patients less than age 60 was 
evaluated. For patients less than age 60, the 
three characteristics identified in the Inter
national Prognostic Index were Ann Arbor Stage 
III or IV, lactie dehydrogenase (LDH) > normal, 
or ECOG performance status ~ 2 at the time of 
diagnosis [n]. These characteristics divide the 
patient population into four distinct risk groups 
with patients having 0, 1, 2, or 3 of the risk indi
cators. Table 3 compares the 5-year survivals for 
patients in the CAP-BOP series with aggressive 
NHL to those obtained in the International 
Prognostic Index analysis. The FFS for both risk 

Table 3. Patients ~ Age 60: 5-Year Survival 

Prognostie International CAP-BOP 
Category Index Regimens 

Low[o] 83% 85% 
Low-Intermediate [1] 70% 62% 
High-Intermediate [2] 46% 48% 
High [3] 32% 33% 

Table 4. Toxicity Evaluation 

categories 2 and 3 were ~ 20% at 5 years follow
ing diagnosis. 

Toxicityanalysis. Toxicity assessments were defined 
as folIows: pulmonary toxicity was defined as 
any interstitial infiltrate on a chest radiograph 
for which no infectious etiology was found and 
the bleomycin was discontinued. Cardiac toxici
ty was defined as the development of sympto
matic congestive heart failure for which no other 
etiology or anatomie abnormality was identified. 
Neurologie toxicity was defined as symptomatie 
peripheral neuropathy for which the vincristine 
was discontinued. Complete alopecia was 
defined as estimated hair loss ~ 80% of normal. 

The pattern of toxieities differed slightly by 
regimen. Patients treated on the three regimens 
had pulmonary and cardiac toxicities that were 
not statistically different. However, patients 
treated on the CB-AI regimen with infusional 
bleomycin and vincristine had a significantly 
higher incidence of neurologic toxicity (22%) 
compared with the CB-A regimen (iYo) and the 
CB-M regimen (13%) (p = 0.01). Also, patients 
treated with the CB-M regimen had significantly 
less comple alopecia (38%) compared with the 
two doxorubicin containing regimens (100%) 
(p< om) (Table 4). 

Discussion 

Over the past 20 years, many different combina
tion chemotherapy regimens have been deve
loped for the treatment of aggressive 
non-Hodgkin's lymphoma. Although the third
generation regimens appeared to produce a 
higher complete remission rate, the overalliong 
term disease-free survival appears to be equiva
lent in a large prospective randomized trial [6]. 
Explanations for this discrepancy' include the 
equivalent follow-up available for the patients in 
the prospective randomized trial and the appli
cation of these regimens to a more generalized 
patient population. 

Regimen Pulmonary Cardiac Neurologie Alopecia 

CB-A 13% 1.5% 7% 100% 
CB-AI 13% 1.5% 22% 100% 
CB-M 10% 1.0% 13% 38% 
p-value NS NS 0.01 <0.01 
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The use of chemotherapeutic agents given by 
a different route or length of administration has 
also been evaluated with renewed interest over 
the past few years. The half-life of many 
chemotherapeutic agents is quite short, and 
infusion al administration has been evaluated by 
some groups in an attempt to increase the 
bioavailability of these agents [12, 13]. Some 
studies have demonstrated responses with the 
infusional approach following failure of regi
mens with the same agent given by bolus [14]. 

The regimens described in this article (CB-A, 
CB-AI, and CB-M) have no major differences 
with respect to survival or failure-free survival. 
As the gradual realization that the newer third 
generation regimens would not greatly increase 
the long term disease-free survival of patients 
diagnosed with NHL, other priorities such as 
decrease in the toxicities associated with the 
therapy and additional treatment strategies have 
been the focus of studies within the last few 
years. In elderly patients with NHL, diminished 
toxicity is extremely important as quality of life 
issues become foremost when the probability of 
eure is otherwise similar. 

In the younger patient population age ~ 60, 
toxicity is also an important consideration. 
However, a priority that has been identified from 
various trials is the selection ofhigh-risk patients 
by utilization of the International Prognostic 
Index which has allowed the direction of these 
patients into dose intensity trials such as the use 
ofhigh-dose chemotherapy and autologous bone 
marrow transplantation in first partial or com
plete remission [15-17]. Future prospective ran
domized trials using this approach will perhaps 
demonstrate the improved disease-free survival 
in the dose-identification group which was 
hoped to be seen in tlIe patients receiving the 
third-generation regimens. 
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Abstract. In 1988, Landys et al. reported a high 
anti-lymphoma activity of the combination of 
prednimustine and mitoxantrone (PmM). These 
data were confirmed by a phase II study of our 
group in 19 pretreated patients with advanced 
low malignant non-Hodgkin lymphomas using 
PmM (prednimustine 100 mg/m2/day oraUy days 
1-5 and mitoxantrone 8 mg/m2/day Lv. days 1 
and 2) with a response rate of 68%. Based on 
these data a randomized multicenter comparison 
of PmM with standard COP (cyeiophosphamide 
400 mg/m2/day i.v. days 1-5, vincristine 1,4 
mg/m2 (max. 2 mg) Lv. day 1 and prednisone 
1Oomg/m2/day oraUy days 1-5) was initiated in 
untreated patients with advanced centrocytic or 
advanced centroblastic-centrocytic lymphomas. 
Patients with no progression during treatment, 
received six or eight courses of PmM or COP 
depending on the response to therapy. Patients 
who had at least a reduction of the lymphoma 
mass of more than 50% during the first six cours
es, were considered as responders and were sub
sequently randomized for IFN-a maintenance 
versus observation only. The study was moni
tored by a onesided sequential test with a work
ing significance level of 0.05. Based on an 
estimated rate of 65% remissions after COP the 
test was designed to detect an improvement of 
20% by PmM with a prob ability of 90%. In 
October of 1993 adecision was stated by this 
sequential procedure. At that time 140 random
ized patients, 74 treated with COP and 66 treated 
with PmM, were evaluable. Both regimens 
achieved comparable response rates of 84.8% 

with PmM and 82.4% with COP. So there was no 
significant improvement by PmM compared with 
COP. Granulocytopenia was the most important 
side effect after both protocols and was observed 
after 235 (42%) of 554 PmM treatment cyeies and 
after 181 (32%) of 564 COP treatment courses 
(p < 0,0001). Severe infections were very rare 
however under both regimens. (2.2% after COP 
and 1.0% after PmM) These data indicate a high 
efficiency of PmM and COP in advanced low
grade lymphomas. Further data are needed to 
assess their impact on disease free and overall 
survival as weU as to evaluate the impact ofIFN
a maintenance on these parameters. 

Introduction 

The prognosis of patients with low-grade malig
nant non-Hodgkin lymphomas in advanced 
stages III and IV has not significantly changed 
within the past decades[6,101. The median sur
vival after diagnosis is 6 to 10 years. While 
patients in stages land II, in isolated cases also 
in stage III, may be cured by radiotherapY[llJ, 
only palliative treatment concepts are available 
for patients with advanced disease. New aspects 
recently emerged from areport by Karl Landys 
et al.[91, who reported on a high anti-lymphoma 
activity of the combination of prednimustine 
and mitoxantrone with a low incidence of thera
py associated side effects. 

Based on these data we initiated a phase 
II study in 1987 for patients with advanced 
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low-grade non-Hodgkin lymphomas who had 
failed on standard therapy using Prednimustin 
and Mitoxantron for a initial cytoreductive ther
apy and Interferon-alpha for maintenance[ 4,5,6]. 
19 patients were enrolled in this study and 13 
achieved a complete or partial remission. These 
data were the basis for a randomized multicenter 
study to compare the efficency of the standard 
COP therapy with the new PmM regimen in 
patients with advanced centroblastic-centrocytic 
and centrocytic lymphomas. 

Patients and Protocols 

The PmM therapy consisted of 8mg/m2 mitox
antrone on days 1 and 2 and 100mg/m2 pred
nimustine for days 1-5. For the COP treatment a 
dose of 400mg/m2 cyclophosphamide on days 
1 -5, a single dose vincristin of 1.4mg/m2 up to a 
maximum of 2mg on day 1 and a prednisone 
dose of 100mg/m2 on days 1-5 was applied. The 
therapy was repeated every four weeks for the 
PmM regimen and every three weeks for COP. 
Only untreated patients with centroblastic/cen
trocytic or centrocytic lymphoma at advanced 
stages III and IV were enroled into this study. 
Treatment was stated in all patients with centro
cytic lymphoma and in CB/CC NHL upon the 
presence of B symptoms, hematopoietic insuffi
ciency, bulky disease, or objective progression 
of the lymphoma. All patients, that did not show 
progression of the lymphoma under therapy 
received a minimum of 6 therapy cycles and a 
maximum of 8 cycles, depending on the therapy 
results after 4 cycles of therapy. Patients who 
achieved at least a partial remission, defined as 
at least 50% reduction of the initial lymphoma 
mass, were randomized for maintenance thera
py with interferon-ex versus no therapy, in order 
to determine the effect of an IFN-maintenance 
on the event-free survival. 

Results 

Recruitment. As of February 1994 407 patients 
from 108 centers have ente red the study. The 
histological diagnoses were centroblastic-cen
trocytic lymphoma in 314 patients and centro
cytic lymphoma in 80 patients. 13 patients with 
different histological diagnoses had to be 
excluded. Patient recruitment has increased 

steadily after start of the study in May 1988. 344 
patients of the 407 patients ente red 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 formed the basis for 
the statistical evaluation of chemotherapy arms. 

Patient characteristics. There were 185 male patients 
and 159 female patients. For centroblastic-cen
trocytic lymphomas there were 48% male 
patients and 52% fern ale cases, while a prepon
derance of males (74%) was found in centrocytic 
lymphomas. The distribution of age shows a 
median age of 54 years for all randomized 
patients. For the patients with centroblastic-cen
trocytic lymphoma the median age is 53 years 
while for the patients with centrocytic lym
phomas it is significantly higher with a median 
of 60 years. 

Statistics and evaluation of response. The first aim of 
this study was to show whether PmM was supe
rior to COP in initial response to therapy. 
Patients were classified as responders if they 
achieved at least a partial remission after 6 
cycles and were still in remission one month 
after the end of the consolidation therapy. 
Patients that had progressive disease or less 
than a partial remission after 6 cycles or patients 
who died during therapy were classified as treat
ment failures. Patients who did not adhere to 
the protocol were classified as abort of treat
ment and were not evaluated for the statistical 
decision. The study was monitored by a 
onesided sequential test with a working signifi
cance level of 0.05. Thus the probability of a 
wrong decision in favour of PmM would be 
sm aller than 5%. To determine the power of the 
test it was stated that based on an estimated rate 
of 65% remissions after COP an improvement of 
20% by PmM shoud be detected with a probabil
ity of 90%. The test statistic was calculated after 
each evaluable patient and in October 1993 the 
procedure decided, that no statistical significant 
improvement by PmM for the response-rate 
could be stated. At that time 74 COP patients 
and 66 PmM patients were evaluable. There 
were 61 responders and 13 treatment failures 
after COP indicating a response rate of 82.4%. 
For the PmM regimen there were 56 responders 
and 10 failures, meaning a response rate of 
84.8%. As of February 1994 99 patients are 
evaluable for COP and 93 patients for PmM. For 
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both therapies 15 patients have to be classified as 
abort of treatment. A complete remission after 
only 4 courses of therapy (eR 4) was achieved 
by 10 patients after COP and by 19 patients after 
PmM. Another 8 patients by COP and 9 by PmM 
reached a complete remission after 6 courses 
(CR 6). A partial remission (PR) after 6 courses 
was seen in 53 patients with COP and in 39 
patients with PmM therapy (Fig. 1.) So the over
all response rate for COP is 84.5% and 85.9% for 
the PmM regimen; PmM, however, induced 
more complete remissions (35.9% vs. 21.4%). 

For the subgroup of patients with centrocytic 
lymphomas (Fig. 2.) results are preliminary 
because of small numbers. After treatment of 18 
patients with COP we observed in this group 13 
partial remissions and 1 complete remission 
after course 6. Four patients showed progressive 
disease under therapy. Fifteen patients with cen
trocytic lymphoma were treated with PmM. 
Three patients did not show a response to thera
py. There was one patient who achieved a com
plete remission after course 4 and 3 others after 

course 6. Eight patients responded with a partial 
remission to the PmM therapy. 

For patients older than 60 years at random
ization the response rate for COP was 88.9% 
while it was 91.6% for PmM (Fig. 3). Even in this 
group the tendency for more complete remis
sions after PmM was observed. The rate of death 
was not significantly higher than in the whole 
group of randomized patients. 

The actual Kaplan-Meier estimates (Fig.4) 
for all patients who were randomized for PmM 
versus COP and for IFN-maintenance versus no 
therapy show a tendency for a longer event-free 
interval in the group of PmM treated patients. 
Further data and analyses are needed to sub
stantiate this findings and to assess wether PmM 
might have a long term beneficial effect on dis
ease free survival. 

Side effeets. Analysis of therapy related toxicity 
revealed myelosuppression, most notably 
leukocytopenia as the predominant side 
effect (Table 1). For leukocytes and granulocytes 
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Fig.3. Response of patients older 
than 60 years at randomization 
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Table 1. COP vs. PmM - Side Effects 

COP PmM 
n Gr. l+2 Gr.3+4 n Gr.l+2 

Hemoglobin 694 17.4% 1.3% 671 18.6% 
Leukocytes 687 33·2% 37.3% 672 32.3% 
Granulocytes 564 26.6% 32.1% 554 28.0% 
Thrombocytes 688 7·4% 1.9% 673 19.8% 
Bleeding 723 0.1% 0.1% 687 1.5% 
Nausea/Vomiting 719 25.6% 1.3% 691 27.8% 
Mucositis 718 4.7% 0.4% 688 6.5% 
Obstipation 719 4.6% 0.4% 687 2.5% 
Diarrhea 719 6.1% 0.4% 688 3.3% 
Fever 720 6.8% 0.8% 688 4.9% 

Alopecia 722 44.0% 32.4% 685 33.1% 
lnfection 720 7.9% 2.2% 688 9.2% 
Cardiac dysfunction 721 1.2% 1.5% 687 3·3% 
Neurotoxicity 719 21.7% 1.4% 689 1.6% 

12 
50,0% 

PmM 

Gr.3+4 

0.6% 
47·9% 
42.4% 

2·4% 
0.0% 
2.5% 
0·4% 
0.1% 
0.3% 
0·3% 
1.0% 
1.0% 
0·4% 
0.0% 
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toxicity of grade 3 and 4, i.e. leukocytes below 
2000/111 and granulocytes below 1000/111, were 
significantly more frequent after PmM than 
after COP treatment (p < 0.0001). For platelet 
counts toxicity of grade 1 and 2, i.e. platelet 
counts between 100 000/111 and 50 000/111, were 
more often seen in PmM treated patients. Grade 
3 and grade 4 toxicity was rare for both thera
pies and differences were not seen. No signifi
cant differences between the therapies were seen 
for bleeding, nausea and vomiting, mucositis, 
obstipation, or diarrhea. In contrast to the dif
ferences in neutropenia there were also no sig
nificant differences in fever and infections. A 
significant difference in cardiac dysfunction was 
also not found. A very impressive difference was 
seen for alopecia. After 32% of the therapy 
cyeles with COP a complete alopecia was 
observed, complete alopecia was very rare after 
PmM therapy. Neurotoxicity caused by vin
cristin was more often seen after COP therapy. 
Because of this in 15 patients the therapy had to 
be continued without vincristin. 

Conclusions 

The randomized comparison of COP versus 
PmM did not indicate a significant advantage of 
PmM for tiIe overall response to therapy mainly 
because of a substantially higher efficiency of 
COP than expected. Still a substantially higher 
rate of complete remissions and a tendency 
towards a longer event free interval emerged. 
These data need to be substantiated by further 
follow-up. This is also necessary to judge the 
impact of IFN-u on the long-term perspectives 
of patients with advanced low-grade NHL 
entered into this trial. 
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Mono- Versus Combination-Chemotherapy in Metastatic Breast Cancer 

Else Heidemann 

The conventional concept to deliver combina
tion chemotherapy to patients with metastatie 
breast cancer has been questioned in the last 
years. The rationale for using a polydrug regi
men was the assumption of a higher probability 
to achieve aremission (Falkson et al. 1991, 
Zinser et al. 1987). Besides others our prospec
tively-randomized multieenter trial comparing 
the treatments with 40 mg/rn' of epirubicin or 
with 40 mg/rn' of adriamycin or with 12 mg/rn' 
of mitoxantrone each in combination with 600 
mg/rn' of cyc1ophosphamide shows that prog
nostie factors are more important than the cho
sen treatments for the outcome in metastatic 
breast cancer patients (Table 1, Fig. 1 and 2) 

(Heidemann et al. 1993). 
Therefore we have to ask, whether in the pal

liative setting of metastatie breast cancer combi
nation chemotherapy is justified at all when 
monotherapy can optimize quality of life. 
Another question is whether any prognostic 
subgroups do draw survival benefit from combi
nation treatment. 

Some scientists quote studies having been 
performed in the seventies (Table 2). Those 
studies show either no survival difference when 
using a sequence of monotherapies instead of 
giving the same drugs altogether or better sur
vival in the group having liver involvement and 
receiving polychemotherapy (Chlebowski et al. 
1989, Tormey et al 1977). 

It has however to be remembered that in 
the 1970S the diagnosis of liver metastases was 
possible only in late stages of the disease, and the 
WHO criteria were not strietly applied to c1inieal 

trials. Therefore the quoted results don't have to 
me an anything for the patients nowadays. 

With the aims of palliation, quality of life, 
and prolongation of survival in mind we started 
another prospectively-randomized multieenter 
trial adressing the following questions: 

1. Is there a survival benefit for low risk pati
ents (Fig. 3) when treatment starts with 

Table 1. Outcome of treatment in metastatic breast 
cancer dependent on subgroup characteristics 

subgroup 

AC 
EC 
NC 

bone only 
lung only 
liver only 
liver and other 
one organ only 
more than one 

organ involved 
disease free interval 

~18 month 
disease free interval 

> 18 month 

age <40 J. 
age 46-50 J. 
previous adjuv. 

chemother. 
no previous adjuv. 

chemother. 

median 
survival 

17 months 
16 months 
18 months 

27 months 
25 months 
'9 months 
13 months 
22months 

'3 months 

12 months 

22months 
12 months 
21 months 

14 months 

18 months 

multivariate 
analysis 

no 
difference 

P<0,05 

P<0,05 

p<0,05 

P<0,05 

P<0,05 , 
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Fig. 1. Chance of achieving a complete response-dependent on a combination of prognostic factors 
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Fig.2. Projected (Kaplan-Meier) survival for 188 patients with different sites of metastases in breast cancer 

cyclophosphamide, methotrexate and fluoro
uracil and is crossed over to mitoxantrone 
monotherapy in the case of progressive dis
ease in comparison to the reverse sequence? 

610 

2. Is there a survival benefit for high risk 
patients (Fig. 3) when treatment starts with 
fluoro-uracil, epirubicin and cyclophospha
mide and is crossed over to vindesine, 



Table 2. Monotherapy vs polychemtherapy. Litera- roday combination chemotherapy still must 
ture review be considered standard for hormone-resistant 

Mouridsen 1977 Cys vs. CMFVP 
Rubens 1975 HD Cyc vs CMF + VLB 
Smalley 1967 F-M-C-V-P-vs CMFVP 
Carmo-1980 FUvsCMFVP 
Pereira 
Chlebowski 1989 C-M-F-P vs CMFP 
(collection of 

data 1971-1973) without liver 
involvement 

with liver 
involvement 

Hoogstraten Adm vs. CMFVP 
1976 with crossover 

-Adm 
Ahmann 1987 CFP (V) -Ifo 
(collection of data -MeCCNU 

1972- 1975) 
Canellos 1976 L-PAMvs CMF 
French Group Epi vs. FEC (50) 

1991 vs. FEC (75) 

= no difference 
t combination better than monotherapy 

age 

" 3S yrs. 
I 

liver 

I 
tJilR-o--- yes 00 

yes 
I 

I 
Jung 
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in combination 
wilh ether 
manifestations 

yes no 

I 
00 -

disease free mteMI 10", 0__ I 
I 1 I 

S 18 month~ "18 months _ 
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Fig. 3. Advanced Breast Cancer Risk Flow Sheet 

mitomycin and prednisolone in the case of 
progressive disease in comparison to starting 
with mitoxantrone monochemotherapy and 
crossing over to vindesine, mitomycin, pred
nisolone in the case of progressive disease? 

metastatic breast cancer. After having complet
ed our ongoing study we will probably know 
better whether there is a subgroup of patients 
that does draw survival benefit from combina
tion chemotherapy. If there is no such group, 
then monotherapy may become the treatment of 
choice for patients with hormone-resistant 
metastatic breast cancer. 
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